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JERZY FEDOROWSKI

UPPER PALAEOZOIC RUGOSE CORALS FROM SOUTHWESTERN
TEXAS AND ADJACENT AREAS: GAPTANK FORMATION AND
WOLFCAMPIAN CORALS. PART I

FEDOROWSKI J.: Upper Palaecozoic rugose corals from southwestern Texas and
adjacent areas: Gaptank Formation and Wolfcampian corals. Part 1. Palaeont.
Polonica, 48, 3—271, 1987.

The present volume contains descriptions of the major part of the nondissepimentate
taxa of the order Stauriida VERRILL, 1865 from the Upper Carboniferous and Low-
ermost Permian Gaptank Formation and from Wolfcampian (Lower Permian).
The further subdivision of the Stauriida is not certain. From the 4 families distin-
guished only one is assigned to the suborder Stereolasmatina HiLL, 1981. The sys-
tematic position of the families Lindstroemiidae Pocta, 1902, Lophophyllidiidae
Moore and JEFrORrRDS, 1945 and Lophotichiidae WEYER, 1972 is uncertain. Thirteen
genera of which: Assi mulia and Falsiamplexus are new and 9 subgenera, of which
Abeophyllum, Alligia, Ericina and Vacoea are new, were identified. Among the total
number of 61 species described, 33 are new and 10 were left in the open nomenclature.
The systematic descriptions were accompanied by introductory considerations on the
evolution and paleography of the Permian Rugosa. The table of occurrence of all
species described, as well as morphologically-comparative tables of more diversified
taxa were also included.

Key words: Rugosa, Permo-Carboniferous, SW Texas, morphology, systematics
Jerzy Fedorowski, Pracownia Paleozoologii Bezkregowcow, Katedra Geologii, Uniwer
sytet im. A. Mickiewicza, 61-725 Poznan, Mieliynskiego 27]29, Poland. Received
December, 1984.

PERMO-KARBONSKIE KORALOWCE RUGOSA POLUDNIOWO-ZACHODNIEGO TEKSASU I REGIONOW OSCIENNYCH.
CZESC 1

Streszczenie — Tom niniejszy otwiera monograficzne opracowanie koralowcéw Rugosa z po-
hudniowo-zachodniego Teksasu i regiondw o$ciennych. Ogdlne rozwazania na temat systema-
tyki i ewolucji permskich Rugosa oraz rekonstrukcje paleogeograficzne i paleoekologiczne,
a takze zonacja stratygraficzna oparta na opracowanej faunie koralowej, beda opublikowane
w ostatnim tomie monografii. Niektére elementy tych zagadnien znalazly si¢ juz jednak
w uwagach do poszczegélnych taksonéw opracowanych w niniejszym tomie. Podstawowych
1¢



4 JERZY FEDOROWSKI

informacji na temat stratygrafii dostarcza tabela wystgpowania gatunkéw. Dla utatwienia po-
rownan w obrgbie bardziej zréoznicowanych taksondéw zamieszczono rowniez tabele morfolo
giczno-poréwnawcze.

Opisano wigksza czg$é korali Rugosa bez dissepimentow z formacji Gaptank (gérny karbon —
najnizszy perm) i z dolnego permu (Wolfcampian). Zostaly one wlaczone do rzedu Stauriida
VERRILL, 1865. Spos$rod 4 wydzielonych rodzin tylko rodzina Hapsiphyllidae GraBau, 1928
z podrodzinami Hapsiphyllinae GRABAU, 1928 i Antiphyllinae ILLINA, 1970 zostaly wlaczone
do podrzgdu Stereolasmatina Hiir, 1981. Pozycja systematyczna rodzin Lindstroemiidae
Pocta, 1902, Lophophyllidiidae MOORE i JEFFORDS, 1945 i Lophotichiidae WEYER, 1972 jest
niepewna i pozostata chwilowo otwarta. Wyodrebniono 13 rodzajéw w tym 2 nowe: Assmulia
1 Falsiamplexus z 9 podrodzajami w tym 4 nowe: Abeophyllum, Alligia, Ercina, Vacoea. Spo-
$rod 61 opisanych w pracy gatunkoéw 33 sa nowe, a 10 pozostawiono w nomenklaturze
otwartej. Wydzielono réwniez 5 nowych podgatunkow.
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INTRODUCTION

The present paper beg'ns a monographic description of rugose coral faunas from the Upper
Pennsylvanian Gaptank Formation and from marine Permian strata of SW. Texas and some
adjacent areas. The study was begun in 1972 during my year-long stay in Washington, D. C.
as a Smithsonian Institution Fellow. Preliminary inspection of the collection made clear that
complete study of it would require a long time, hence the collection was sent to Poznan, Poland
in 1974 and still remains the main subject of my studies. Papers on some special problems pre-
ceded this volume (FEporRowskl 1974, 1978, 1979, 1980).

The coral fauna studied is almost entirely new, but it exhibits several similarities or relations
to other faunas of the world. Some of these faunas were inadequately described and/or poorly
illustrated, making these taxa useless without re-examination. Some details of other faunas
required verification of the original material. Accordingly, I visited several museums and geology
departments of universities and borrowed collections when the visit was impossible. The visited
museums were as follows: National Museum of Natural History, Washing:on, D. C.; British
Museum (Natural History), London; Sedgwick Museum, Cambridge; Koninklijk Belgisch
Instituut voor Natuurwetenschappen, Brussel; Paleontologisk Museum, Oslo; VSEGEI Museum,
Len'ng-ad; Museum of Paleontology of the Academy of Sciences of the USSR. Departments
of Geology Museums of the Universities in Bristol, Edinburgh, Liége, Miinster, Leningrad,
Donets and Kiev.

The following coral collections or parts of collections were re-examined prior to writing
this volume: American collections: WORTHEN (1875), Girty (1908, 1912, 1915), MORGAN
(1924), HeritscH (1936a), MooRE and JEFFORDs (1941, 1945), JEFFORDs (1942, 1943, 1947),
EAsToN (1943, 1945, 1958, 1962), Ross and Ross (1962, 1963), HOARE (1964), Sanpo (1961,
1963, 19654, b, 19694, b, 1983 and other), ROWETT and SUTHERLAND (1964), ROWETT (1969),
RoOWETT and TMMER (1973), STEVENS (1967), ARMSTRONG (1972). Soviet Union collections:
EicawaLDp (1861), STUCKENBERG (1895, 1904, 1905), LissitzyN (1925), SosHKINA (1925, 1928,
1932, 1936), SosuHKINA, DOBROLJUBOVA and PORFIRIEV (1941), ToLMACHOFF (1924, 1931),
FomicHgv (1931, 1953, b), Gorsky (1932, 1935, 1951), VorNnovskY-KRIEGER (1934), DOBRO-
LJUBOVA (1936, 1937, 1940, 1952, 1958, 1970 and other), DoBROLIUBOVA and KABAKOVICH
(1948, 1966), KaBAKOVICH (1937, 1952), VASSILIUK (1960, 1964), ILiNA (1965, 1970), KOSYREVA
(1973, 1974, 1976, 19784, b). Other collections: SALTER (1855), de Koninck (1872), TouLa
(1875), HeritscH (1936¢), PADGET (1954), ScuouprPE and STAcUL (1955, 1959), HARKER and
THORSTEINSSON (1960), TipTEN (1972), FLUGEL (1973), Pory (1981).

The scheme of the whole monograph was dictated by circumstances rather than resulting
from conscious planning. The collection studied is not only enormous, but also consists of
numerous variable taxa represented by specifically identifiable specimens, description of which
required application of laborious techniques (see below). Because of these factors, the time span
betweén the first taxa systematically described and recently described ones is -eight years,
and there is still a great deal of the collection awaiting final study. This will require another
several years of work and some more years to wait for a publication of such a paper in a few
_volumes. Some parts of the monog-aph may be outdated, as some taxa name lost their priority
owing to the long period of study. Because of these circumstances, I diverged from the classic
format of this kind of a paper, i. e. from publication in systematic order, and decided to divide
the whole monograph in accordance with stratigraphic-levels. This will surely cause many
Tepetitions as far as higher taxa are concerned, but rather few on a species level.

‘The present volume contains descriptions of majority of the non-dissepimentate solitary
corals from the Upper Pennsylvanian Gaptank Formation and from the Wolfcampian strata.
Descriptions of the solitary non-dissepimentate corals of which was no room in this volume,
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as well as the solitary dissepimentate corals and the colonial corals of the same age, will be
published in the second volume.

It is impossible to judge at present how many further volumes will be published. The mono-
graph will be concluded with general considerations containing the following and other problems:
discussion of the foundation and development of the septal apparatus, based on comparison
of the morphology of external surfaces of corallites, morphology of calices and serial sectioning
technique; the microstructure of septa; the morphology of calices with special attention to the
calice floor as the area responsible for final modelling of the coral skeletons; the morphology of
calices as a function of extrinsic factors and genetic determination; ecological considerations,
supported by common commensals, epibionts, and boring organisms; some problems of
palacogeography ; an attempt to establish coral biozones and intercontinental correlations based
on corals. All these and more specific topics are parallel to the investigations reflected in the-
systematic descriptions of taxa. The systematic volumes of the monograph will thus contain
only necessary data on stratigraphic positions of the fauna described with special reference to
Coorer and GRANT (1972—1977).

Historical. — Previous works on the Permo-Carboniferous corals from Texas are very
restricted in number. Some of them contain description of only one or very few species of corals
or only illustrations (e. g. PLUMMER and MoOORE 1921). The first paper was that of Shumard
(1859). Unfortunately, his collection was lost in fire and there is rather little chance to determine
his taxa with certainty. The following papers are these of Cummins (1891), GIrTY (1908, 1912),
Heritscu (19364, 19365, 1937), OxuLITCH and ALBRITTON (1937), MOORE and JEFFORDS
(1941, 1945), JerrorDs (1942, 1947, 1955), WELLs (1944), NEWELL et al. (1953), and Ross and
Roos (1962, 1963). In most of the papers listed, Pennsylvanian taxa are described (29 species
+ 10 species in common with other regions). Nineteen Permian species are described from Texas
(among these 1 or 2 continued to occur from the Pennsylvanian) and 5 more species from Kansas
and Oklahoma. Some corals mentioned and illustrated by NEWELL et al. (1953) may belong to
new unnamed taxa.

Descriptions of the Pennsylvanian corals are much more numerous both in number of
papers and number of taxa. There are over 40 papers by more than 20 authors. Some of these
are mentioned above. Amongst others those of ROWETT and SUTHERLAND (1964) and CockEe
(1966, 1969, 1970) provide much new information concerning corals. Several other papers,
cited in remarks to particular taxa, are not mentioned here. Many species, especially those
described during the nineteen century (e. g. MEEK and WORTHEN 1860; WHITE and WHITEFIELD
1862; WuitE 1875, 1877; 'WoRTHEN 1890) need revision prior to being accepted for modern
systematics.

More than 130 Pennsylvanian species have been described from Texas, New Mexico, Okla-
homa and Kansas. Many of these taxa were described as species of Lophophyllidium and its
synonyms. Quite a few of these species are probably synonyms. The second largest group is
the dissepimentate solitary rugosans. Other taxa are not numerous. Such a composition is partly
incidental, reflecting the main field of interest of the three more productive students Drs.
R. C. Moorg, R. M. JErFORDS and J. M. CockE), and partly reflects the real composition of the
fauna.

Material and methods. — The coral collection here under study is part of a giant collection
of Permo-Carboniferous fossils from SW. Texas and adjacent areas made during many years
by Dr. G. A. CooPER and his co-workers. The assembly of the collection and methods of pre-
paration are described in detail by CooPErR and GRANT (1972).

The collection is the property of the Smithsonian Institution, Washington, D. C. and will
be housed in the National Museum of Natural History, Smithsonian Institution. By kind agree-
ment of Dr. G. A. COOPER, individual, non-illustrated specimens of particular species will be
left at the Department of Geology, A. MickiEwicz University in Poznan, Poland to form
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a comparative collection. They will be accompanied by duplicate acetate peels of the illustrated
specimens where possible.

The rugose corals in the collection consist of many thousands of variably preserved specimens.
Almost all of them, except for most from Gaptank Formation and sporadic other samples,
were chemically etched from the rocks. The hydrochloric acid applied in this process was in
several instances too strong for the rugose coral skeletons. Such corals are extremely fragile
and not always available for more detailed studies. Some specimens, perfectly silicified periphe-
rally, were either diagenetically broken or perforated by boring organisms, so that their calcitic
interiors were exposed to etching and thus partly or entirely removed. Some of such corals are
preserved as empty shells where external characters are sometimes insufficient even for family
identification because of homeomorphs, common in the collection. Some specimens were
completely or partly impregnated with silica internally. Peripherally well preserved corallites
may in extreme instances be structureless, internally glassy artifacts. Whole specimens of the
latter kind are not numerous in the collection, but morphology of proximal ends was quite
often destroyed by amorphous silica, or less commonly by small quartz crystals. Fortunately,
most of the specimens are well preserved, sometimes almost ideal ones, with the ontogzsnetically
youngest part of a tip, a complete calice and the external surface, sometimes with epibionts,
exposed.

The state of preservation as described provides a good opportunity but also several difficul-
ties to the student. It was possible to built the ontog:znetic series of corallites starting from the
almost aseptal cups and ending with the fully mature specimens and to compare such series
with the morphology of individual specimens investigated in serial sections. On the other hand,
it was necessary to frame many specimens with epoxy resin. The silicified tips made the peel
technique often useless and early ontogeny was at the beginning studied on broken tips. A string
cutter making possible preparation of three thin sections from one millimeter of thickness, was
obtained only some years ago.

Photographs of thin sections were not always adequately clear due to a complete or partial
saturation of many specimens with silica. It was thus necessary to draw on the photographs,
which afterwards were bleached with Farmer’s solution. These drawings are presented as text-
figures. Some proximal ends were drawn using an Abbe’s apparatus. Most of the specimens
studied were photographed prior to being sectioned. Thus, the part of the collection studied
includes an almost complete photographic documentation. '

Geological setting. — Detailed discussion of stratigraphic ranges of individual taxa, as well
as coral biozonation will be presented in the volume of general considerations. In the systematic
volumes, starting from this one, the mumber of specimens occurring in individual localities and
the stratigraphic position of the locality is indicated for each species separately. Parts of the
stratigraphic table taken from CooPER and GRANT (1972) will be published in each volume for
easier location of individual formations and members in the stratigraphic column. It will be
accompanied by the table of occurrence of all taxa described in the given volume. The Gaptank
Formation, although containing strata from the Missourian to uppermost Virgilian (? lowermost
Wolfcampian) is not subdivided (pl. 1). In each case the finest possible stratigraphic position
was indicated in the “Occurrence” for each species and in the table of occurrence (Table 2).

The Uddenites bearing member of the Gaptank Formation is most controversial as far as
its stratigraphic position is concerned. Although generally accepted by the fusulinid students
as uppermost Virgilian it contains brachiopods that indicate a lowermost Permian age (COOPER
and GRANT 1972, 1977). Corals of this member also suggest a primitive Permian phase of evo-
lution. Carboniferous taxa dominate in the fauna, but there are several species occurring both
in the member discussed and in the Neal Ranch Formation (e. g. Allotropiochisma (Alligia)
Sfabellum sp. n., A. (Abeophyllum) texanum sp. n.,? Euryphyllum robustum sp. n., Actinophrentis
columnare n. sp., Bradyphyllum counterseptatum sp. n., B. postwannense sp. n., Monophyllum
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lable 1
WOLFCAMPIAN STRATIGRAPHY (after Cooper & Grant, 1972)
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cassum sp. n.). Also Assimulia (Assimulia) uddenitense sp. n., the most primitive representative
of this very common Permian genus appeared at this stratigraphic level. I thus accept the Udde-
nites bearing member of the Gaptank Formation as the beginning of Permian phase of evolution
of the rugose corals.

A second disagreement concerns the lower part of the Bone Spring Formation. The coral-
fauna of this age is almost entirely Wolfcampian and very often identical with that of the Skinner
Ranch Formation, which also supports conclusions based on brachiopods. Other correlations
are not controversial and need not be discussed here.

Abbreviations used

AMNH — American Museum of Natural History, New York.

n:d ratio — number of septa (n) to diameter of corallite (d) ratio.

USNM — United States National Museum of Natural History, Washington. :

USNM 700, 700a, etc. — numbers of the United States National Museum of Natural History localities. For detailed
explanations see CoorEr and GraNT (1972, 1977).

USGS — United States Geological Survey.

VSEGEI — The All-Union Order of Lenin Scientific Research Institute of Geology, Leningrad (Bcecorosnbiit Opaena

Jlennna Hayuno-Mcenenosarensckuit I'eonornueckmnit MHCTHTYT).
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SYSTEMATIC PART

Class Anthozoa EHRENBERG, 1834
Subclass Rugosa MILNE-EpwARDs and HAIME, 1850
Order Stauriida VERRILL, 1865
Suborder Stereolasmatina HiLL, 1981
Family Hapsiphyllidae GRABAU, 1928
Subfamily Hapsiphyllinae GrRABAU, 1928

Type genus: Hapsiphyllum Simeson, 1900

Remarks. — The family Hapsiphyllidae is one of most frequently mentioned taxa in the
rugose coral literature and also one of the most controversial.’A recent solution by HiLr (1981)
is unsatisfactory because it places tog:ther such obviously unrelated gznera as Allophyllum
ScHOUPPE, 1957, Clinophyllum GROVE, 1935, Longiclava EASTON, 1962 and Neozaphrentis
GROVE, 1935 on one side and Allotropiophyllum GRABAU, 1928, Amplexizaphrentis VAUGHAN,
1906, Hapsiphyllum SimpsoN, 1900 and Zaphrentites HUDSON, 1941 on the other. The groups
mentioned are artificial, because real relationships between individual genera remain unknown.
Genera placed in the subfamlly, but not mentjoned above, may also have quite- dlfferent con-
nections.

Clarification of the taxonomy of the Hapsiphyllinae is not possible until many taxa are
thoroughly investigated. Any present attempt would be restricted to reinterpretation of the
same random facts, bringing no new light on the problem. Accordingly, I treat Hapsiphyllinae
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GRABAU, 1928 only as a convenient name to group some genera, and I follow WEYER’s (1975)
concept of the relation of Hapsiphyllinae to Antiphyllinae ILiNA, 1970. This concerns only
the genera of both subfamilies discussed in remarks on the Antiphyllinae.

Genus Allotropiochisma FEDOROWSKI, 1982

Type species: Amplexizaphrentis longiseptata FLUGEL, 1973

Subgenera assigned: Allotropiochisma FEDOROWSKI, 1982; Alligia subgen. n., Abeophyllum subgen. n.

Emended diagnosis. — Medium to large solitary corals without dissepimentarium; counter
and alar protosepta slightly elongated in early ontogeny; cardinal protosepium shortened from
early maturity or earlier; major septa allotropiophylloidally arranged, having axial ends con-
joined directly or by stereocolumn above long, closed cardinal fossula; minor septa present
in corallite lumen below calice floor; tabulae hemisphaerical, sagging axially, with incipient
biformity at peripheryi septa trabecular, aseriate.

Remarks. — The g-nus was only recently introduced and discussed, but reinvest'gation
of the Schoupp? and Stacul’s (1959) collection, the present study of Texas corals, and further
analysis of FlUgel’s (1973) type material made reinterpretation of the genus and supplementary
discussion necessary. According to the new concept herein presented, the genus contains three
subgenera, and the nominative subgenus is restricted to species closely resembling 4. longiseptata
(FLUGEL, 1973). ‘

Similarity of Allotropiochisma to Lytvolasma SOSHKINA, 1925 was not pointed out in the
original description (FEDOROWSKI, 1982) because the latter is closer to Alligia subgen. n., not
investigated at that time. This part of the discussion is presented in remarks on Lytvolasma.

Similarity of Allotropiochisma to Actinophrentis IvANOVsKI, 1967 was also omitted from earlier
discussion for the same reason. The main differences between these genera are: 1) Allotropio-
phylloid morphology of neanic stage in Allotropiochisma versus zaphrentoid morphology in
Actinophrentis, 2) Appearance in Allotropiochisma s. s. of a free axial area in the late neanic
stage, which was in further growth replaced by a stereocolumn (Actinophrentis developed a per-
manent stereocolumn, which brings it closer to Alligia n. subgen in this respect), 3) Formation
of a biform tabularium and/or “biform reduction” of minor septa in Allotropiochisma, 4) Lack
of tendency of strong elongation of a counter sep:um in maturity of the latter genus, and 5)
Pinnate arrangzment of major septa in Actinophrentis up to the calice floor, versus allotropio-
phylloid arrangzment in Allotropiochisma. These differences seem adequate for distinction of
these two genera on a subfamily level.

Subgenus A. (Allotropiochisma) FEDOROWSKI, 1982

Type species: as for the genus

Diagnosis. — Allotropiochisma s. s. having major septa withdrawn early from corallite
axis; in further growth their axial ends conjoined eccentrically towards counter quadrants;
minor septa “biformly reduced”.

Remarks. — Allotropiochisma is restricted to the type species and A. postulosa (FLUGEL,
1973). “Bradyphyllum” breviconicum FLUGEL, 1973, with its incipient stags of “biform reduction”
of minor septa, may be a possible offspring of this group. The holotype of this controversial
species is re-illustrated in this paper (fig. 3: 4a, b), and it is discussed in more detail under
Lytvolasma SOSHKINA, 1925, '




TABLE 3

Morphologically-comparative table of Hapsiphyllinac GraBau, 1928 described in this paper

Name of genus Cardinal Cardinal Counter Alar Alar Major Minor Axial area Tabularium
or subgenus septum fossula septum septa fossulae septa septa
Allotropiochisma Shortened Elongated over Slightly Slightly Absent in Allotropiophyl- In late neanic free; | Incipient biformity at
(Allotropiochisma) from early | corallite axis; elongated elongated maturity loidally arranged; | Biformly in maturity major | periphery; sagging
FEDOROWSKI, 1982 maturity .closed early in early in conjoined eccen- | reduced septa conjoined axially
ontogeny ontogeny trically around it
Allotropiochisma Elongated over Moderately | As above, but Free in Stereocolumn
(Alligia) subgen. n. » corallite axis; » ” to well almost zaphrentoid | corallite permanently ”
closed; slightly developed in some lumen present
widened axially
Allotropiochisma In neanic Open; parallel Equal to Pinnately arranged | In some Free, penetrated Incipient biformity at
(Abeophyllum) long; in walls bordered by | Elongated other major | Absent with free axial ends | loculi may by some major periphery; deeply sag-
subgen. n. maturity successively shorter septa be absent septa ging axially
shortened septa
Euryphyllum Long or Narrow, bordered | Equal to May be Thinner, shorter Underde- Stereoplasmic Uniform; irregular,
Hirr, 1938 shortened by successively other major | slightly Present and accelerated in | veloped or | junction of major | domed, sometimes
late in shortened major septa clongated increase in counter | absent septa permanently | slightly depressed

maturity

septa

quadrants

present
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Two other species, i. e.? 4. birkenmajeri FEDOROWSK], 1982 and? A. uddenitense sp. n.,
with their clearly biform tabularium, long, contratingent, contraclined and contrajunct minor
septa, and widely open, free axial area, were only temporary placed in the subgenus discussed.
All the characters mentioned bring them closely to two poorly known species from the Upper
Permian of the Timor Island: Duplophyllum zaphrentoides KOKER, 1924 and Barytichisma?
permicum ScHOUPPE and STAacUL, 1959 (recently reinvestigated by Fedorowski 1986). These
four species may eventually be g-ouped together in Duplophyllum KOKER, 1924. This is not
recommended here, because the type specimen of Duplophyllum zaphrentoides KOKER, 1924
is lost (see FEDOROWSsKI, 1986) and no topotype material has been studied that is morphologi-
cally close enough to the type to be chosen the neotype. Allotropiochisma is thus the closest
genus to receive these two species now.

Specimens identified by FomicHev (1953) as Parastereophrentis? invalida sp. n. differ greatly
from each other. This is especially well seen. in the parts of them closer to calices than those
illustrated by FomicHEV (1953). One of these specimens (fig. 25:5) shows an arrangement of
major septa very similar to the holotype of Allotropiochisma longiseptata (FLUGEL, 1973)
(compare fig. 2:4 in this paper), but it has no minor septa present inside the corallite lumen
and even an incipient stage of the biform tabularium is not developed. It thus has not been inclu-
ded here to Allotropiochisma, although such an identification may be accepted by authors.
The second corrallite (fig. 25:4) exhibits characters that do not fit fully with any of the here
discussed genera. The type specimen of P. invalida was not originally chosen.

Relation of A. (Allotropiochisma) to A. (Alligia) subgen. n. is discussed with the latter.

? Allotropiochisma (? Allotropiochisma) uddenitense sp. n.
(fig. 1:1a—d, 2a—f; pl. 1:1a, b, 2a, b)

Holotype: Specime n USNM 196695, fig. 1:1a—d, pl. 1:1a, b.
Type locality: USNM 701p.

Type horizon: Gaptank Formation, Uddenites bearing member.
Derivation of the name: uddenitense — after type horizon.

Material. — Two specimens without calices and proximal ends preserved. Internal structure
crushed in part. The paratype, although preserved up to a calice floor, represents only the
early ephebic stage of development. It has been included here conditionally. Maximum n:d
ratios: in holotype, 34:19.5x18.5; in paratype, 30:12.0.

Diagnosis. — Allotropiochisma having major septa wedgeshaped, radially arranged, slightly
shortened ; minor septa in early ontogeny developed only at counter septum to form triad,
in maturity long, contratingent and contraclined; cardinal septum almost as long as other
major septa; tabularium biform.

Description of the holotype. — Major septa in ontogenetically youngest section having
n:d ratio 28:9.0 (fig. 1:1a) are slightly bent peripherally. They are arranged radially and do not
meet the corallite axis. Length of septa, except for the last pair of slightly underdeveloped
ones in counter quadrants, is not differentiated. The cardinal septum and two major septa adja-
cent to it are thinner than the neighbouring major septa, but they are not shorter and do not
form a distinct septal fossula. The cardinal tabular fossula is present, however. The counter
septum is equal in length to other major septa. Alar septa and alar pseudofossulae are indistin-
guishable. Minor septa are not present inside the corallite lumen except for two very long ones,
adjacent and contratingent to the counter septum.

The next section cut 8.5 mm above the previous one (fig. 1:1b), having n:d ratio 34:15.5,
is characterized by straight major septa, well developed cardinal fossula marked by sections
of tabulae, and appearance of Jong minor septa, often contratingent or contraclined. The
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Fig. 1.
2 Allotropiochisma (? Allotropiochisma) uddenitense sp. n. 1. Specimen USNM 196695. Holotype. Locality USNM 701 p,
Gaptank Formation, Uddenites-bearing member. Transverse sections; a — late neanic/early ephebic stage; b, c — ephebic
stage; d — late ephebic stage. Al}, x 4. 2, Specimen USNM 196696. Locality and horizon as above. Transverse sections;
a—d — neanic stage; e, f — ephebic stage. All, x4.

morphology of the most advanced part of growth preserved (fig. 1:1c, d; pl. 1:1a, b) differs
from that described above only in showing major septa successively more shortened. The cardinal
septum almost equals other major septa.

Individual variation. — Only a single specimen was identified as a possible paratype belonging
to this species. It differs from the holotype in having more juvenile characteristics. Its ontogene-
tically most advanced portion, although comparatively large in dimensions, possesses under-
developed minor septa, having only those adjacent to the counter septum very long. Thick major
septa, inconspicuous cardinal septum and elongated alar septa on some sections form additional
differences of this stage when compared to the holotype (fig. 1:2¢, f; pl. 1:2a). In the younger
part of the paratype (fig. 1:2a—d; pl. 1:2b), major septa come very close to the corallite axis.
The long cardinal septum can be distinguished due to its lesser thickness and an underdevelop-
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ment of the last pair of major septa in cardinal quadrants. Minor septa, contratingent to the
counter septum, increase their length successively, but no other minor septa appear in the
corallite lumen. The differences mentioned are substantial and the specimen discussed was
conditionally included in A. (? A.) uddenitense sp. n. mainly because of its close morphological
similarity to the youngest known part of the holotype.

Remarks. — The described species was mentioned in remarks on the genus as a potential
member of Duplophyllum KOKER, 1924, included in Allotropiochisma mainly due to an uncertain
situation of the former genus. It may be quite closely compared to A. birkenmajeri FEDOROWSKI,
1982 as far as mature morphology is concerned. Ontogeny of these two species differ, however,
in the more radial symmetry of major septa in A. (? A.) uddenitense sp. n. and in the late appear-
ance of long minor septa in the latter species. Smaller dimensions and a larger number of peri-
pherally more thickened major septa in 4. (? A.) uddenitense sp. n. form additional differences
between these two species. Other species assigned so far to Allotropiochisma are much less
similar and are omitted from this discussion.

Occurrence, — USNM 701p:2, Gaptank Formation, Uddenites-bearing member.

Subgenus A. (Alligia) subgen. n.
Type species: A. flabellum sp. n.

Derivation of the name: lat. alligo — to attach, to tie — after permanent conjoining of ends of major septa by stereo
column.

Diagnosis. — Allotropiochisma having stereocolumn permanently present; minor septa
free in corallite lumen; alar fossulae moderately- to well-developed.

Remarks. — Introduction of the subgenus discussed may be questioned as being the result
of subjective evaluation of diagnostic characters. Indeed, the similarity of this subgenus to
Allotropiochisma s. s. is obvious. On the other hand, all three features mentioned in the
diagnosis are qualitative in a character. Their rank, especially differences in ontogsny, should
thus be evaluated as higher than specific. The subgeneric distinction reflects this relation best.

Several characters, especially the development of the cardinal fossula and alar fossulae,
similar length of major septa in cardinal and counter quadrants, and permanent, eccentric
conjunction of inner ends of major septa, bring the subgenus discussed close to Euryphyllum
Hirr, 1938, and even more so to the here described ? E. robustum sp. n., which is temporarily
assigned to the latter g-nus. Although the similarities mentioned may indicate a possible relation
of the two taxa discussed, qualitative differences readily distinguish Euryphyllum from Alligia
subgen. n. These are: biform tabularium, early appearance of minor septa in corallite lumen,
early shortening of the cardinal septum and axially sagg ng tabulae. Early growth stages of the
type species of Euryphyllum have not been investigated so far.

The latter two of the differences mentioned do not occur in? E. robustum sp. n., making
assignement of this species to Euryphyllum doubtful and its similarity to Abeophyllum subgen. n.
closer. The first two differences mentioned were caused by quite different organization of the
polyp bodies, which seem adequate for not considering? E. robustum sp. n. a member of Alligia
subgen. n. The observations discussed are possibly indicative of a close relation of Abeophyllum
to Euryphyllum and Allotropiophyllum GRABAU, 1928.

The species content of Abeophyllum subgen. n. is not clear. One of the paratypes of “Ample-
xizaphrentis” excentrica (FLUGEL, 1973), reillustrated by FEDOROWSKI (1982, pl. 4:4a, b) may
either belong here or be an offspring of this subgenus. Its fairly well alongated minor septa
in subtabular reg'ons and biform tabularium at the periphery are accompanied by a free axial
area in maturity. A parallel modification was adequate for distinguishing Amplexizaphrentis
VAUGHAN, 1906 from Zaphrentites HupsoN, 1941,
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Allotropiochisma (Alligia) flabellum sp. n.
(figs. 2:1—3, 3:1—=3; pls. 1:3—6, 2:2, 4, 3:11)

e. p. 1963. Amplexizaphrentis sp. A. Ross and Ross; J. P, Rossand C. A. Ross, p. 412, pls. 48:7, 11, 49:3; non pl. 50:5, 13,
Holotype: Specimen USNM 196697, fig. 2:2, pl. 2:2.
Type locality: USNM 701c.
Type horizon: Neal Ranch Formation.
Derivation of the name: lat. flabellum — fan — after arrangement of major septa.

Material. — The holotype, 8 paratypes and 3 specimens of Ross and Ross (1963) were
available for the study. Tips and calices, except for floors in some corallites, were abraded.
Internal structures are mainly calcitic, only slightly silicified.

Some features of representative corallites (in mm):

USNM n:d ratio C s?ptum Remarks
cat. nos. side
196697 30:18.3%x17.3 concave calice floor
» 29:16.0x 16.0 ' 7 mm below calice floor
" 29:14.7x 14.2 ’ 5 mm below the former
' 25:9.4x 9.1 » 10 mm below the former
196699 30:17.0x 14.2 » calice floor
" 29:14.5x12.2 » 9 mm below calice floor
196698 30:18.7x 14.3 lateral calice floor
» ] 30:15.6x12.4 » 7 mm below calice floor
’ 28:13.7x11.7 " 2 mm below the former
» 24: 8.0x 7.2 ” 13 mm below the former
196700 32:23.5x19.2 concave calice floor
» 30:19.0x 17.6 ’ 22.5 mm below calice floor

Diagnosis. — Allotropiochisma (Alligia) having n:d ratio at calice floor as above; major
septa either in touch or united by stereocolumn; weakly developed minor septa appearing late
in on‘ogeny.

Description of the holotype. — The corallite is a worn specimen with the tip and part of the
external wall abraded. The calice floor (pl. 2:2) is preserved but the cardinal fossula and adjacent
septal loculi were infilled with iron sta'ned sediments. The cardinal septum is not.seen. The
counter sep:um is sl'ghtly longsr than the counter-lateral septa, inner ends of which reach
periaxial part of the former. Other major septa in counter quadrants bent towards axial end of
the counter sep‘um with the nearest of them coming close or reaching that end. Major septa of
cardinal quadrants are longer than those of the counter quadrants, with alar septa being the
longest and other septa reaching their ends adaxially. Like major septa in the counter quadrants,
those in the cardinal quadrants are convex towards the cardinal septum. Such an arrangement
made the cardinal fossula peripherally and axially widened (observation made in sections)
and the alar fossulae developed better in their axial parts. Minor septa are hardly distin-
guishable. The surface of the calice floor, i. e. the last tabula, exhibits complex morphology.
It generally is hemisphaerical, being higher in the counter than in the cardinal quadrants,
however. It rises slightly upwards on both sides of the counter septum, extending its lateral
surface higher than the lateral surfaces of other major septa. This is also marked by a skewness
of tabulae in transverse sections (fig. 2:2b, c). The calice floor (= the last tabula) dips steeply,
almost vertically at the inner border of the cardinal fossula. Similar dipping is observed also
in alar fosculae, which may mean that these structures are true tabular fossulae.

The mature morphology in transverse sections (fig. 2:2b, ¢) does not differ from that observed
on the calice floor and only supplementary remarks are required for this part of the description.



Fig. 2.
Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 139775. Locality USNM 701 p, Gaptank Formation, Uddenites-
bearing member ( = Amplexizaphrentis sp. A. Ross and Ross, 1963, pl. 48:7, 11; pl. 50:5); a, b — transverse sections,
ephebic stage; ¢ — longitudinal section. All, x4. 2. dllotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196697.
Holotype. Locality USNM 701 ¢, Neal Ranch Formation. Transverse sections; a — neanic stage; b, ¢ — ephebic stage.
All, x 4. 3. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196698. Locality USNM 706x, Neal Ranch Forma-
tion. Transverse sections; a, b — ephebic stage, x4. 4. Allotropiochisma (Allotropiochisma) longisepta (FLUGEL, 1973).
Specimen MMH 11948. Holotype. Productus Limestone (Upper Permian). East Greenland. Housed in Museum of Mine-
ralogy, University of Copenhagen. Transverse section, ephebic stage, % 4.



UPPER PALAEOZOIC RUGOSE CORALS 17

Fig. 3.
1. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 139777. Locality USNM 701 p, Gaptank Formation,
Uddenites bearing member ( = Amplexizaphrentis sp. A. Ross and Ross, 1963, pl. 49:3). Transverse sections; a — neanic
stage; b — ephebic stage. All, x4.2. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196699. Locality and
horizon as above. Transverse sections; a, b — neanic stage, x 8; ¢ — late neanic stage, x8; d, ¢ — ephebic stage, x 4.
3. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196700. Locality and horizon as above. Transverse section,
ephebic stage, x 4. 4. “Bradyphyllum” breviconicum FLUGEL, 1973. Specimen MMH 11949, Holotype. Productus Limestone
(Upper Permian), East Greenland. Housed in Museum of Mineralogy, University of Copenhagen. Transverse sections.
a — late neanic/early ephebic stage; b — ephebic stage. Both, x 8.
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The arrangement of the major septa remains allotropiophylloid, having the cardinal septum
shortened and major septa in counter quadrants thicker than those in the cardinal quadrants.
The latter exhibit a kind of twopartite rhythm in decreasing their leng h towards the cardinal
septum: after anincrease of three step by step shorter major septa one or two long septa bordering
each side of the cardinal fossula zppear. The newly inserted septum (fig. 2:2b) quickly reaches
a considerable length (fig. 2:2¢). The axial stereocolumn is weak, but it occurs permanently
up to the calice floor. Sections of tabulae connected to some minor septa or slightly inclined
in some loculi indicate that the peripheral part of the tabularium developed an incipient biformity.

In the on og netically earliest part of growth observed (fig. 2:2a) the arrangzment of septa
is pinnate rather than zaphrentoid, with the cardinal septum long, but not reaching the corallite
axis, and with the counter sep:um and alar septa elongated. The ends of major septa are very
close to or reach each other, but it has not been established whether their middle lines are united.
The specimen is slightly silicified in this part.

Individual variation. — All structural elements vary more or less, but not to such an extent
as to be indicative of specific distinction. On‘og:netically youngest sections of paratypes inves-
tigated exhibit some variability in thickness of major septa. The latter may either be so thick
as to fill in more than 2/3 of the corallite lumen (fig. 3:2a—<c) or are fairly weakly thickened
(fig. 3:1a). The same corallites may illustrate heterochrony in allotropiophylloid arrangzment
of major septa, which is observed fairly late in the case of first corallite (fig. 3:2¢) and early
in the latter (fig. 3:1a). Variability in length of the cardinal septum, independent of other cha-
racters discussed, is worth attention. All these differences are slight, however, and proove close
relation rather than taxonomic differences between the specimens discussed.

Differences in arrangement of septa in quadrants and development of the cardinal fossulae
are most spectacular, if not most important, variations. One of tpecimens of Ross and Ross
(1963, pl. 49:3 and fig. 3:1b; pl. 1:3 in this paper) can be considered an extreme form in develop-
ment of a long cardinal fossula, slightly widened axially and distinctly broaded peripherally,
and in distinct alar fossulae, slightly widened axially. The inner ends of major septa of this
specimen are clearly conjoined in quadrants and pinnately arranged to form a kind of half
aulos in the counter quadrants. Similar morphology is observed on the calice floor of the holotype
(pl. 2:2) and some paratypes (pl. 3:11), although they may be more radial or irregular just beneath
the calices (e. g. figs. 2:1b, 3:2¢). The opposite situation can be observed in other specimens
showing deep axial depression of the cardinal fossula, but weakly marked alar fossulae at the
calice floor (pl. 2:4a) while the latter are well developed in sections (fig. 2:3). The holotype may
be Jocated on a margn of the group of specimens discussed.

Among tpecimens with more irregular mo:phology, some (fig. 3:2d, €) may be closely
comparable to the holotype by their calice floor morphology, although they possess major septa
less differentiated in leng h and thickness in quadrants, more inconspicuous cardinal fossula
and hardly distinguishable alar fossulae in sections (figs. 2:1a, b; 3:2d, e). These specimens
differ also from the holotype in not accentuating differentiation in length of major septa of
cardinal quadrants. One of them (fig. 2:1a, b) exhibits also the widest axial stereocolumn not
penetrated by major septa, and symmetry most close to radial.

There are also other characters, not exactly correlated with those discussed above, but often
so with each other. These are the length of minor septa and the arrangzment of the most peri-
pheral parts of tabulae. As shown by some specimens with minor septa well developed (figs.
2:1a, b; 3:3), the peripheral parts of tabulae may bridge septal loculi corresponding to Position
II of SUTHERLAND (1965). In other instances, they are inclined in a way indicating deeper
sinking of them to the major septa located towards the cardinal septum from them. The identical
situation, observed also in other transverse sections (pl. 1:5; fig. 3:1), is best illustrated by the
weathered lower surface of a tabula of young part of a corallite (pl. 2:4b). Transverse sections
of this specimen (fig. 2:3a, b) show weak development of minor septa, seen a little better only



UPPER PALAEOZOIC RUGOSE CORALS 19

on the ontogenetically oldest section, and also weak accentuation of oblique positions of tabulae
in the peripheral part of the corallite.

The above observations permit explanation of some important interrelations within the
group of specimens discussed. It seems proven that all specimens of A. (A4.) flabellum sp. n.
possess the most peripheral part of the tabularium biform, although this character is weakly
accentuated in the case of the underdevelopment of minor septa. On the other hand, however,
such an underdevelopment does not prove an absence of a biform or at least oblique arrangement
of most petipheral parts of tabulae.

Such characters as different thickness of major septa along all their length or in individual
portions of them, and development of more or less thick stereocolumn, may be less important,
but should be mentioned. These characters are not correlated directly with any features discussed
earlier. However, specimens indicated as extreme in development of pinnate versus semiradial
arrangement of major septa are extreme also in this a character (figs. 2:1a, b; 3:1a; 2d, e).

Morphology in the longitudinal section shows very little variability. Presence of peripheral
tabellae (fig. 2:1c) and more or less deep axial depression of tabulae are main differences.

Remarks. — The species discussed is probably the only one in Alligia subgen. n. in this
moment, but another possible species is mentioned in remarks on the subgenus. Thus, the species
has to be comrpared to the type species of the nominative subg:nus and to similar (related ?)
species of other genera. Principal differences in the first case are the same as for the subgenera.

? Euryphyllum profundum sp. n. can be closely compared to A. (4.) flabellum sp. n. in the
arrangement and length of major septa, development of alar fossulae, and, in lesser degree,
the cardinal fossula. The latter, although so deep as to reach inner ends of major septa in counter
quadrants, invariably contains at least one underdeveloped major septum, which is not the
case in 4. (A4.) flabellum <p. n. The main differences between these taxa are qualitative ones:
disappearance of minor septa in the inner part of calices in? E. profundum sp. n., where they
became incorporated into the external wall, and lack of biformity of the most peripheral tabu-
larium. There are also such quantitative differences as different n:d ratio and different position
of the cardinal fossula.

A. (A.) flabellum sp. n. is also closely similar to ? Euryphyllum robustum sp. n. In addition
to the qualitative differences in development of the tabularium and minor septa, the latter species
differs in having more robust major septa, less well developed alar fossulae and a stronger
stereocolumn. Variability in all these elements brings the extreme specimens fairly close to A.
(4.) flabellum sp. n., indicating a possible relationship of these two species.

A. (A.) flabellum sp. n. exhibits also some similarity to Lytvolasma aucta sp. n., which is
discussed in remarks on the latter genus.

Occurrence. — Locality USNM 701p:9, Gaptank Formation., Uddenites-bearing member;
701c:1 706x:2, Neal Ranch Formation.

Subgenus A4. (Abeophyllum) subgen. n.

Type species: A. (A4.) texanum sp. n.

Derivation of the name: lat. abeo, i, itum, ire — to separate — after common lack of connection of inner ends of
major septa.

Species assigned: Euryphyllum hispanicum de Groor, 1963; A. (A4.) texanum sp. n.

Diagnosis. — Allotropiochisma with counter septum elongated, cardinal septum in maturity
shortened, in neanic stag? long; open cardinalossula, having parallel walls bordered by successive-
ly shorter major septa reach corallite axis; peripheral biformity of tabularium incon-picuous.

Remarks. — The subgenus proposed herein to include the American and Spanish species
emphasizes best a kind of similarity between these species and species of other two subgenera.
2
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The main characters typical for the new subgrnus and distinct from both the subgenera
mentioned are: the elongated counter septum in all growth stages, slightly elongated cardinal,
counter and alar septa in the ncanic stage, different shape and morphology of the cardinal
fossula and lack of the allotrop ophylloid arrangzment of major sep:a in any g-owth stage.
The characters listed may possibly be adequate for considering the corals discussed as belong ng
to an independent genus. They show at the same time the incipient stage of biformity of the
most per'pheral part of the tabularium, very similar to that in A. (4.) flabellum sp. n. Almost
all corallites of A. (A4.) texanum sp. n. do not possess a stereocolumn. There are two corallites,
however that developed this element (fig. 4:3a—c). Also, the corallites described by de Groot
(1963) as Euryphyllum hispanicum sp. n. show weak stercoplasmic infillings between inner
ends of at least some major septa. This character is a rare but phenomenon.

Corallites of A. (A4.) hispanicum (de GrooT, 1963) show also some distinction in early onto-
geny. Major septa are strong'y thickened in all quadrants or only in the cardinal ones (de Groor,
1963, pl. 4:10a, b, 9a). The latter character is just opposite to that observed in the nominative
subg nus and in A/ligia subgen. n. It is also not observed in A. (Abeophyllum) texanum. Also,
arrang>ment of septa in this early stage in the Spanish species is more radial than in the American
one, but both of them show a similar elongation of the cardinal, counter and alar septa. Mature
portions of the Spanish specimens show all diagnostic characters of the subgenus, although the
biformity of their most per pheral tabularium is very slight, and marked on'y by oblique positions
of transverse sections of tabulae in some loculi.

De GRoOT (1963:46) pointed out the elongated counter sepum present in her specimens
as being non-typical for Euryphyllum HiLL, 1938. Different shape and morphology of the cardinal
septal fossula in transverse sections, different morphology of axial parts of corallites, and presence
of incipient biformity in the most peripheral part of the tabularium in Abeophyllum subgen. n.
are further qualitative differences from Euryphyllum HiLL, 1938.

Some characters of Abeophyllum subgen. n., especially the elongated counter septum and
the subradial arrangement of major septa, bring it close to the subfamily Antiphyllinae ILINA,
1971. Indeed, differences between it and such representatives of that subfamily as Lytvolasma
SosHKINA, 1925; Bradyphyllum GRraBaU, 1928; Rotiphyllum HuUDSON, 1942; Monophyllum
FoMicBEv, 1953; and Actinophrentis Tvanovski, 1967 are not great. Morphology of the most
peripheral part of the tabularium, biform in Abeophyllum subgen. n. has to be evaluated as
a taxonomic character of a rank higher than those of morphology of axial areas of corallites
or long-versus short-lasting elongation of the cardinal septum. Also, morphology of the cardinal
septal fossula in Abeophyllum subgen. n. may be compared to the fossulae of some specimens
of ? Euryphyllum described in this paper, but not to the fossulae of any Antiphyllinae.

Genera having a long counter septum, placed by HiLL (1981) with Hapsiphyllinae GRABAU,
1928 (Clinophyllum GROVE, 1935; Neozaphrentis GROVE, 1935; Longiclava EASTON, 1962),
are in fact either of an unknown relation and taxonomic position (the former two) or were
herein included in Ant'phyllinae (the latter). The taxonomic position of Abeophyllum subgen. n.
may appear doubtful in such a situation. I cannot find any closer subfamily in which to place
it, however, and its relation to Allotropiochisma and the other subgenus of that genus seems
most possible.

The Westphalian D Spanish species is geologically oldest of all species assigned to Allotro-
piochisma FEDOROWSKI, 1982 sensu lato. The probable position of Spain during the Carboniferous
period (FEDOROWSKI 1982 ) and the supposed directions of migrations of the coral fauna during
that period make reconstructions of the migration route of Abeophyllum subgen. n. difficult.
An absence of species intermediate in time and space between the Texas and Spanish taxa
makes any supposition speculative. An orign of 4. (4.) texanum sp. n. from a species similar
to some paratypes of “Hapsiphyllum” retusum MooRE and JEFFORDS, 1945 should not be excluded
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Allotropiochisma (Abeophyllum) texanum sp. n.
(figs. 4:1—5; pl. 1:7—-9)

Holotype: USNM 196705, fig. 4:4a, b; pl. 1:8a, b.
Type locality: USNM 701 p.

Type horizon: Gaptank Fm., Uddenites-bearing member.
Derivation of the name: texanum — after the type area.

Material. — Ten specimens, some with calice floors and most parts of proximal ends pre-
served. Internal structure calcitic.

Some features beneath calices (in mm):

USNM n:d ratio C septum

cat. nos. average position

196705 36:21.0 concave
" 34:17.0

196706 34:14.2 convex

196703 34:15.5 »

196707 32:16.8 Iconvex
" 32:15.0

196704 36:22.1 convex

Diagnosis. — Abeophyllum with n:d ratio beneath calice as above; tabulae deeply sagging
in corallite axis.

Description of the holotype. — The corallite is a worn specimen, preserved only in its sub-
calicular part. In transverse section (fig. 4: 4b; pl. 1:8b), the major septa are thin, sl'ghtly
widened peripherally, almost straight, arrang:d in easily distinguishable quadrants, and slightly
differentiated in length. Inner ends of majority of them come close to the corallite axis to form
a kind of a weak net. Some of them are temporarily in contact, but they are not rhopaloid, not
united, and do not form an axial column. The counter septum is slightly elongated. Its elongation
is better expressed by a slight shorten ng of counter-lateral septa. A shorten'ng of the last pair
of major septa in counter quadrants and elongation of alar septa make the alar fossulae visible,
but not con-picuous. The shortened cardinal sepium is located in the con-picuous cardinal
fossula, opened towards the corallite axis. Nearly parallel walls of the fossula are formed by
the last pair of the shortened major septa of card.nal quadrants and by inner ends of some
successively shorter major septa of those quadrants. Length of major septa is here differentiated.
Between those adjoin’ng the cardinal fossula, but not in all loculi, there are shorter major septa
either joining lateral sides of neighbouring ones, or free. Minor septa are distinguishable mainly
in the microstructure of rather thin external wall and by septal furrows on the corallite surface,
if not abraded. Only two or three pairs of them adjacent to the counter septum and to the counter-
lateral septa extend a little into the corallite lumen, where they are joined by oblique sections
of peripheral parts of tabulae in a way indicating biformity of this part of the tabularium.

In the neanic stage (fig. 4:4a; pl. 1:8a), the counter, cardinal and alar septa are longer than
the ne'ghbouring major septa, with the first one being also a little rhopaloid. All these and also
some metasepta, are in touch in the corallite axis, but they are not united by their middle lines.
An arrangement of major septa is similar to the zaphrentoid plan, but septa in counter quadrants
are shorter than those in the cardinal quadrants and some of them are slightly rhopaloid. The
very wide cardinal fossula narrows axially and peripherally. No traces of minor septa have
been noted.

The holotype has not been longitudinally sectioned. In the section of the paratype, made
perpendicular to the cardinal fossula (fig, 4:1b) the peripheral parts of the tabulae vary in shape.



Fig. 4.
Allotropiochisma (Abeophyllum) texanum sp. n. 1. Specimen USNM 196702. Locality USNM 701 p, Gaptank Formation
Uddenites bearing member; a — transverse section of cardinal quadrants, ephebic stage; b — longitudinal section
perpendicular to cardinal-counter septa plan. Both, x4. 2.Specimen USNM 196703. Locality and horizon as above
Transverse sections. a — neanic stage; b — ephebic stage. Both, x 8. 3. Specimen USNM 196704. Locality and horizoy
as above. Transverse sections; a — late neanic/early ephebic stage; b, ¢ — ephebic stage. All. x 4. 4, Specimen USNp
196705. Holotype. Locality and horizon as above, Traunsverse sections; a — neanic stage, x 8; b — ephebic stage, x 4.
5. Specimen USNM 196706, Locality and horizon as above. Transverse section, ephebic stage, x4,
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Those sectioned in the part corresponding to Position II of Sutherland (1965) rise more or less
steeply upwards towards the periaxial area, where they become hemispherical, sloping down
‘into the axial depression. Tabulae sectioned in Position I are almost horizontal (fig 4:1b,
lower left). Also, the periaxial parts of the tabulae sectioned in this position are not so highly
domed. In the upper part of the section in question there is a thick, only sl'ghtly sagg ng tabula
with sections of septa on it. This is a long'tudinal section of a shallow axial rejuvenation.

Individual variation. — In spite of the small number of corallites, several variations in mor-
phology of corallites have been observed. The majority of corallites possess major septa that
approach more or less closely a corallite axis, but mainly are not connected there either directly
or by a stereocolumn (fig. 4:2b, ¢, 5; pl. 1:9a, b). Some may form a fairly wide, free axial area
in late maturity (fig. 4:1a; pl. 1:7), but all of them except for two have no axial stereocolumn.
Of these two exceptions, the stereocolumn is only a temporary body in one, but it is permanent
in the other (fig. 4:3a—<). The main morpholog'cal characters of this specimen, and especially
an arrangzment of the major septa, the elongated counter, and the shortened cardinal septum,
as well as the morphology of the cardinal septal fossula differ from the holotype in no more than
subspecific level, which is not recognized herein. The greater thickness of all structural elements
together with the presence of a stereocolumn is interpreted as being ecologically caused.

There are also several differences observed in leng h and arrangement of major septa. Al-
though the majority of the specimens possess a counter septum and alar septa fairly well elongated,
there are some (fig. 4:2b, c; pl. 1:9a, b) possessing the latter septa permanently or temporary
shorter than the first pair of major septa of the cardinal quadrants, and the counter septum
not longer than the counter-lateral septa. Axial ends of major septa are always bent towards
the cardinal fossula, but in some corallites or in some sections, they bend so as to either meet
each other (fig. 4:5; pl. 1:7) or to alternate over the cardinal sepium (fig. 4:2b). Both these
structures may be temporary, as illustrated by more mature sections of two of the specimens
cited. The morphology of the cardinal fossula of one of those specimens (pl. 1:7) forms an inter-
mediate step towards the fossula of the late ephebic stage of another specimen (fig. 4:1a) showing
an absence of the successive shortening of major septa of the cardinal quadrants. Only the inner
ends of the major septa in the cardinal quadrants are inclined there towards the cardinal septum.
The small number of corallites available for the study prevents to determine whether differ-
ences listed may be considered important enough for specific distinction.

Remarks. — “Euryphyllum” hispanicum de GrooT, 1963 is the only comparable species.
It differs from the species here described in having a weak stereocolumn in zll corallites illustrated
and in a small dimension of the largest specimen. The number of septa similar in both species
makes their n:d ratios different. Smaller corallites of both species are more similar to each other
in this respect. Several morphological and ontog:netic differences were mentioned in remarks
on the subgenus.

Occurrence. — Locality USNM 701p:9, Gaptank Formation, Uddenites-bearing mem-
ber; ? 712z:1, Neal Ranch Formation.

Genus Furyphyllum HiLL, 1938

Type species: E. reidi HiLL, 1938

Diagnosis. — See HiLL (1981:F315).

Remarks. — The diagnosis cited is only a sl'ghtly modified version of the orignal diagnosis
(Hirr 1938:25). It is cited here because of easier accessibility. Lack of major modifications in
this diagnosis means that HiLL (1981) did not change her original concept of that genus and did
not accept modifications proposed since her first paper was published (e. g. ScHouPpE and
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Stacur 1959; de Groot 1963; Kato 1976). I follow the concept of Hill, although the species
here described do not fully agrec with the diagnosis.

Scuouppt and StacuL (1959), proposed the greatest modifications of the generic concept
of Euryphyllum. These authors not only accept a possibility of formation of more or less wide
axial area free of septa, but also a presence of species with rhopaloid major septa (E. brevisepta-
tum ScHOUPPE and STAcuL, 1959), shortened cardinal septum (E. cainodon (KOKER, 1924),
E. coniculiforme ScuoupPE and STAcuL, 1959), and convex, highly domed tabularium with no
kind of axial depression (E. coniculiforme ScHOUPPE and STACUL, 1959). In such a broad concept
of the genus, one can hardly find any characters in common, except for those mentioned by
ScrouPpE and STAcUL (1959:240) in the diagnosis proposed for the genus Duplophylium KOKER,
1924, 1. e. two cycles of septa with dark middle lines; long, thick major septa with lateral conti-
guity present up to advanced stags of growth; and presence of the cardinal fossula. According
to these authors Euryphyllum is a subgenus of Duplophyllum that differs from the latter only in
having short minor septa in the calices (SCHOUPPE and StacuL, 1959:254, subgzneric diagnosis
of Euryphyllum). Many solitary rugose corals may well fit such a diagnosis.

The genus Duplophyllum XOKER, 1924 in ScHouPpE and STACUL’s (1959) concept has recently
been re-investigated and re-interpreted by FEDOROWSKI (1986). None of the species identified
by these authors as Duplophyllum is cong>neric with the lectotype of Duplophyllum zaphrenti-
forme (KOKER, 1924). Some of them, namely those possessing two or three kinds of carinae and
showing a very specialized way of increase and development of minor septa, were separated
in a new genus, not related to Duplophylium. Duplophyllum schindewolfi ScnouppE and STACUL,
1959 has not been revised because of lack of adequate ontogenetic data. This species possesses
minor septa fairly well developed, although appearing late in ontogzny, and differentiated in
leng:h. It developed no carinae, however, and several other of its morphologcal characters
are similar to those of Euryphyllum cainodon (KOKER, 1924). The two species discussed may well
be related on the generic level, although it remains uncertain whether the latter one can truly
be placed within Euryphyllum. 1 found a few minor septa inside the corallite lumen in the
section Sé 182, i.e. beneath the calice floor of this specimen, while minor septa are absent
in the ontog:netically youngest existing section of the holotype of D. schindewolfi and in the
paratype S¢€ 180 of the latter species.

De GRroot (1963) accepted the concept of ScnouppE and STAcuL (1959) except for the
subgeneric status of Furyphyllum. She found early development of long minor septa in Duplo-
phyllum adequate for generic distinction. The species described by her as Euryphyllum hispanicum
sp. n. exhibits several characters that disagree with the diagnosis of Euryphyllum. This is dis-
cussed in remarks on Abeophyllum subgen. n.

KaTo (1976) seems to follow ScuouPPE and STAcUL’s (1959) and de Groot’s (1963)
opinions, expressed by his synonymy and his acceptance of a shortened cardinal septum in
Euryphyllum. FONTAINE (1961 :65) did not mention a ScHouPPE and StacuL’s (1959) concept,
although their paper was cited by him. He emended the synonymy proposed originally by
HicLL (1938), eliminating Stereolasma minus SOSHKINA, 1925 from Euryphyllum. He pointed out
that SosHKINA, DoBRrROLIUBOVA and PORFIRIEV (1941:70) had placed that species in synonymy
with Polycoelia karpinskyi STUCKENBERG, 1898. | agree with FONTAINE (1961) that “Stereolasma”
minus should be removed from Euryphyllum, but its truc taxonomic position remains unceriain
to me. The characters shown in pl. 1:6 of SOsHKINA 1925 are not convincing for any final con-
clusion, and I was not able to trace thc specimen illustrated when reinvestigating SOSHKINA’S
collections. '

The majority of specimens described by FONTAINE (1961) broaden the original concept of
Euryphyllum only a little (c. g., E. alloiteaui FONTAINE, 1961, with fairly long minor septa,
or Euryphyllum sp., with minor septa shorter in cardinal quadrants). E. alloiteaui is a strange
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species, but it is not quite certain to me whether the modifications observed, the free axial area
in the counter quadrants in particular, are original or diagenetic.

Although “Stereolasma” minus SOSHKINA, 1925 was not accepted as a member of Euryphyllum,
Lytvolasma sp. No. 2 and Meniscophyllum cf. minutum SiMpson, 1900, both of DOBROLIUBOVA
(1936) from the Lower Permian of the Northern Urals, may possibly fit the diagnosis of that
genus. Both these species are from the same locality and probably belong to a single species.
These immature specimens were briefly restudied and are assigned herein, with some restrictions,
to Euryphyllum. The relation of them to Lytvolasma was negated by SOSHKINA, DOBROLIUBOVA
and PORFIRIEV (1941:105).

The specimens described in the present paper show several main characters of Euryphyllum.
These are: underdevelopment of minor sepra, lack of biformity of tabularium, development of
the cardinal fossula and alar fossulae, acceleration in increase of major septa and their shorter
length in counter quadrants, similar kind of reduction of thickness of major septa, and similar
stereoplasmic junction of them in a corallite axis. Differences are only two, but they may be
considered important: 1) Different morphology of tabularium, which in some specimens does
not show an axial depression and can be compared to that in Amplexizaphrentis VAUGHAN,
1906 when sectioned in the cardinal-counter septa plan. In perpendicular section, the tabulae
are almost horizontal or irregular (HiLL 1938, pl. 1:3, 7, 11). Two other sections illustrated
by HiLL (1938, pl. 1:5, 9) show direction of growth lines of septa indicating a possible axial
convexity of tabulae. If this is true, the presence or lack of axial depressions of tabulae may
eventually be treated as an individual variation. 2) Shortening of the cardinal septum comparati-
vely early in ontogeny. This character mentioned as absent in the generic diagnosis, is seen
on pl. 1:6,10 of HiLL (1938) and even better on pl. 1:3 of HiLL (1943). All these specimens
were identified as belong ng to the type species of the genus. The latter specimen is especially
convincing in this respect, leaving almost no doubts that the section was made below the calice
floor. This means that the cardinal septum was truly shortened within the fossula and not
only along the calice wall.

The early ontogeny of E. reidi HiLL, 1938 remains unknown. Thus, the species here described
are only conditionally included in this genus, although their main differences may not be of
large taxonomic importance, because of their possible variability in the type species of the genus.

There are several species assigned to different genera that may in fact be members of Eury-
phyllum. Lack of precise descriptions and illustrations made correct identifications of these
species impossible. These are for instance some specimens described by Wu (1975) and Liao
(1983) as Lytvolasma from the Lower Permian of Tibet; the early Upper Permian Bradyphyllum
longiseptatum Zuao, 1981 from Sichuan, China, may also be pointed out as belonging to this
group.

The synonymy of Euryphyllum has not been completed because of lack of data on the ontoge-
ny of its type species and because of the inadequate level of investigation of all its potential
synonyms.

? Euryphyllum robustum sp. n.
figs. 5:1=3, 6:1, 2; pls. 3:3, 4, 4:1—4)

¢. p. 1963. Amplexizaphrentis sp. A. Ross and Ross; J. P. Ross and C. A. Ross, p. 412.
Holotype: Specimen USNM 196712, fig. 6:2a—d, pls. 3:3, 4:4.
Type locality: USNM 705a.
Type horizon: Lower Skinner Ranch Formation.
Derivation of the name: lat. robustus, a, um — robust, strong — after thickened structural elements.
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Material. — The holotype, 11 paraiypes and one unillustrated specimen of Ross and Ross

(1963), USNM 139776 were available for the study. Several corallites possess partly preserved
calices and proximal ends. Internal morphology is often well preserved in calcite.

Some features of representative corallites (in mm):

USNM n:d ratio
cat. nos. (average) Remarks
196708 32:19.4 approx. 12 mm below calice floor
32:16.4 middle part of growth
" 27:11.6 Jate neanic stage
196709 32:14.5 9 mm below calice floor
196710 33:13.7 approx. 5 mm below calice floor
196711 31:17.3 4 mm below calice floor
196712 32:15.5 approx. 5 mm below calice floor
” 31:12.2 middle part of growth
25: 7.5 late neanic stage

Diagnosis. — ? Euryphyllum with n:d ratio as above; major septa thickened, joined eccen-
trically by stereocolumn; alar septa slightly elongated; tabulae concave axially.

Description of the holotype. — The specimen is slightly curved in the juvenile part and erect
in the mature portion (pl. 3:3), with the cardinal septum located on its convex side. The partly
broken calice is 18 mm decp, occupying approximately 1/3 of the corallite leng:h. Foundations
of the major and minor septa, equally developed in the margnal part of the calice, became
differentiated gently towards its inner portion. The external surface of the corallite bears growth
lines and delicate septal furrows.

Morphology of individual sections of the erect part of the corallite is similar up to the calice
floor (fig. 6:2¢, d). Major septa are pinnately arranged in quadrants, having those of the counter
quadrants shorter, slightly thicker and accelerated in increase. In the counter quadrants, up to
the calice floor and in the cardinal quadrants almost as long as that, the major septa are laterally
contiguous along more than 1/3 of their inner portions. Initially small and not always present
discontinuities (£g. 6:2a—<) enlarge successively in the course of growth, especially in the
cardinal quadrants. Major septa in these quadrants become even:ually much thinner than those
in the counter quadrants (fig. 6:2d). Already in early maturity (fig. 6:2b) the cardinal septum
is sl:ghtly shortened and much thinner than other major septa. It bisected the whole peripheral
part of the cardinal fossula, not infilled with stereoplasm. In the uppermost sections (fig. 6:2¢, d),
the very deep cardinal fossula was sectioned above the last tabula. The cardinal septum and the
last pair of the major septa in the cardinal quadrants are very short. The latter septa increased
their length a little upwards.

The counter septum is slightly thicker and, in some sections, may be slightly longer than the
adjacent major septa of counter quadrants (fig. 6:2c). The alar septa are the longest. Major
septa in the cardinal quadrants tend to join inner ends of them, being either slightly irregular
in leng.h (fig. 6:2¢) or p.nnately arranged and successively shorter towards the cardinal septum
(fig. 6:2d). The pinnate, allotropiophylloid arrangement of major septa in quadrants, the
elongation of the alar septa and the underdevelopment of the last pair of the major septa in the
counter quadrants, made the alar fossulae recognizable. The axial area of the corallite is occupied
by a strong stereocolumn, present up to the calice floor. Minor septa are absent from the cor-
allite lumen, but they are sometimes seen in the microstructure of the external wall.
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Fig. 5.
? Euryphyllum robustum sp. n .1. Specimen USNM 196708. Locality USNM 706x, Neal Ranch Formation. Transverse
sections; a — late neanic stage; b, ¢ —early ephebic stage; d — ephebic stage. All, x4. 2. Specimen USNM 196709.
Locality and horizon as above; a — transverse section, early ephebic stage; b — transverse section, ephebic stage, ¢ —
longijtudinal section perpendicular to cardinal-counter septa plan. All, x4, 3. Specimen USNM 196710. Locality and
horizon as above. Transverse sections; a — neanic stage, x 8; b, c —ephebic stage, x4
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Fig. 6.
? Euryphyllum robustum sp. n. 1. Specimen USNM 196711. Locality USNM 706x, Neal Ranch Formation. Transverse
sections. a — late neanic stage; b, ¢ — ephebic stage. All, x4, 2. Specimen USNM 196712. Holotype. Locality 705a,
Skinner Ranch Formation, base of Scacchinella beds. Transverse sections; a — neanic stage, x8; b — early ephebic
stage, x4; ¢, d — ephebic stage; cardinal fossula sectioned above last tabula, x4.

The ontogenetically youngest stage preserved (fig. 6:2a) with n:d ratio” 23:7.2 shows the
arrangement of the contiguous major septa allotropiophylloid with the septa of the counter
quadrants convex towards the already shortened cardinal septum and directed towards the end
of the counter septum. The latter dominates a little over the adjacent septa. The major septa
in the cardinal quadrants are pinnately arranged. The cardinal fossula is completely filled in with
stereoplasm and only one alar fossula is distinguishable.

Individual variation. — In spite of a small number of specimens available for the study,
the species discussed exhibits considerable but disorderly individual variation. The specimens
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illustrated (figs. 5:1—3, 6:1; pls. 3:4, 4:1—3) exemplify the most important variants. One of
them (fig. 5:3a—c; pl. 4:3a, b), with rather thin major septa through the whole preserved part
of the corallite, may be compared (related ?) to either? E. profundum sp. n. or Allotropiochisma
(Alligia) flabellum sp. n. It does not possess minor septa in the lumen and its tabularium is not
biform up to the calice floor, but it has highly uprising tabulae adjacent to the counter septum,
a character observed in the holotype of the latter cpecies. Another specimen (fig. 6:1a—c;
pl. 4:2a, b) possesses most clearly allotrop ophylloid arrang-ment of major septa with very
short cardinal sepium, but it has also the shortest major sep:a of all corallites in question.

The next specimen (fig. 5:1a—c) shows a symmetry closest to radial and the fairly long
cardinal sep:um in the uppermost transverse section (fg. 5:2b). Its ontogenetically younger
section differs from the former one in having a com paratively short cardinal septum destroyed
by section'ng and the major sep:a disorderly arrang:d.

The Jast specimen discussed (fig. 5:1c—d; pls. 3:4, 4:1a—c) was doubtfully placed within
this species, because of its axially narrowing card'nal fossula conta'n'ng not only the early
shortened cardinal sepium, but also a permanently present pair of underdeveloped major
septa. The section of this specimen made a few millimeters below the calice floor (fig. 5:1d)
shows almost bilateral symmetry and only a very small stereocolumn. No other specimens
within the collection studied compare more closely.

The ontogenetically earliest known transverse sections of all specimens discussed, the holotype
included, show several characters in common. This is especially well seen in the arrang ment
of major septa and in early shorten'ng of the cardinal sep:um. The early decrease in thickness
of the major septa, permanent in one corallite (fig. S:3a—c; pl. 4:3a, b) and replaced by a stage
of thickened major septa in the other (fig. 5:1a—d) suggests that this character is possibly
less important diagnostically.

The longtudinal sections studied do not differ in na‘n characters from the illustrated one
(fig. 5:2¢). The tabulae are always widely spaced, hemisphaerical in periaxial parts and sagging
axially. Tabellae may be present.

Remarks. — Several characters of the species discussed were mentioned in remarks to the
genus, making further comparison with the type species and the Timor Island species unne-
cessary. It has also been compared to Allotropiochisma (Alligia) flabellum sp. n. and Lytvolasma
aucta sp. n., the species showing some similarity to it. It differs from? E. profundum sp. n.
in having calices much shallower when compared to the length of a corallite, much larger
dimensions below calices, different n:d ratio, strongly thickened major septa and robust stereo-
column,

Occurrence. — Locality USNM 701p; 2; Gaptank Formation, Uddenites-bearing member;
701:2, 706x:4, Neal Ranch Formation; 705a:3, Lower Skinner Ranch Formation.

? Euryphyllum profundum sp. n.

(fig. 7:1—5; pls. 2:1, 3, 5—13, 4:5—-7)

Holotype: Specimen USNM 196716, fig. 7:4a, b; pl. 2:13a, b.

Type locality: USNM 728f.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: lat. profundus, a, um — deep — after very deep calices.

Material. — 32 silicified corallites; many with well preserved proximal ends and calices.
Internal structure silicified. Majority of specimens immature.
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Some features of representative specimens (in mm):

USNM . Depth of C septum
cat. nos. n:d ratio calice side Remarks
196719 28:17.2x17.2 15.0 Nateral calice margin
» 23:11.0x 9.2 calice floor
196713 26:12.7x 11.7 11.5 lateral calice margin
" 19: 7.8x 6.7 calice floor
196716 22:12.3x12.3 12.0 convex- calice margin
" 19:11.2x10.2 lateral calice floor
196723 19: 9.7% 9.0 - 7.0 concave calice margin
" 16: 7.0x 6.0 calice floor
196715 16: 6.7x 5.0 4.0 convexlateral calice margin

Fig. 7.
? Euryphyllum profundum sp. n. 1. Specimen USNM 196713. Locality USNM 728¢, Lower Bone Spring Formation;
a, b — transverse sections, neanic (?) stage, x 10. 2. Specimen USNM 196714, Locality and horizon as above. Transverse
section, ephebic stage, x10. 3. Specimen USNM 196715, Locality and horizon as above; a—c¢ — transverse sections,
neanic stage, x 20. 4. Specimen USNM 196716. Holotype. Locality USNM 728f, Lower Bone Spring Formation. Trans-
verse sections; a — neanic stage, b — late neanic/early ephebic stage. Both x 10. 5. Specimen USNM 196717. Locality
USNM 728e, Lower Bone Spring Formation. Transverse section, late neanic stage, x 10.

Diagnosis. — ? Euryphyllum with n:d ratio as above; calice very deep; major septa perma-
nently thin; cardinal fossula closed axially, laterally bordered by successively shortened major
septa.

Description of the holotype. — The preserved part of the corallite is 22.5 mm long at its
convex counter side. Most of the surface is weathered out. Scptal furrows on the preserved
part are delicate and shallow (pl. 2:13a). The ontogenetically youngest part of the corallite is
missing.



UPPER PALAEOZOIC RUGOSE CORALS 31

The calice (pl. 2:13b) is fairly well preserved, having a fragment of the topmost part present.
Foundations of the major and minor septa at the calice margin are well developed, with the
latter form ng a kind of short blades at the lower margin of the peripheral zone of the calice.
Due to an increase in thickness of the external wall, they become much less prominent in the
inner zone of the calice, be/ng recognizable almost to its floor, however. The major septa increase
their leng:h regularly downwards eventually closing the corallite axis. The cardinal septum,
distinctly shortened on the corallite wall, is elongated along the cardinal fossula floor almost
to the axial part of it. It does not form a distinct blade there but rather an elongated protuber-
ation of the cardinal fossula floor. The counter septum is distinguishable by being a little longer
than the counter-lateral septa. The latter join it laterally near its inner end. Inner ends of the
remain'ng major septa of the counter quadrants are directed toward the end of the counter
septum to form an inner border of the cardinal fossula, located a little eccentrically towards
the counter septum. The last pairs of major septa in the counter quadrants are distinctly
underdeveloped and the alar fossulae are well seen, although their axial parts are
narrow.

The cardinal quadrants beg'n with the alar sep’a that are the longest sepra of all. Their
axial ends are sligh:ly bent aside to reach inner ends of one to the last or earlier major sep-a
of the coun er quadrants (o form a sligh Iy widened inner end of the cardinal fossula. The
following major sep‘a are step by step shorter than the alars, having their inner ends bent
aside similarly to the latter. Each of them meet the inner lateral part of the earlier increased
major septum. In spite of the described decrease of leng:h, the three first pairs of major septa
in the cardinal quadrants are so long as to reach the inner part of the cardinal fossula. Only the
last pair is more clearly underdeveloped. The cardinal fossula is closed axially and laterally
owing to such an arrangement and shape of major septa.

In sections made from the young:st preserved part of the corallite (fig. 7:4a, b), the major
septa are moderately thick, having the middle lines of almost all of them united in a zaphrento-
phylloid pattern. The cardinal septum located in the axially narrowing cardinal fossula meets
the corallite axis. The alar fossulae are distinct, although the last pair of major septa in the
counter quadrants are only slightly underdeveloped.

Individual variation. — Most of the specimens identified here as belong'ng to this species
are ontogenetically young corallites (pl. 2:3a, b, 5a, b, 6a, b, 8a, b, 9a—<). Only a single
specimen (pl. 2:1a—c) is larger than the holotype. It differs from the latter in having a different
relation of the depth of the calice to the length of the corallite, because its calice is deeper.
The morphology of the major scpta in the cardinal quadrants and that of the cardinal fossula
is in that specimen very similar to those in the holotype. The great shortening of the cardinal
septum is apparent and was caused by dissolution (?) or damage (?) to the floor of the cardinal
fossula. Major septa in the counter quadrants differ from those in the holotype by being more
irregular and less clearly bent towards the counter septum. This is especially well seen in the
left quadrant, where one of the metasepta is as long as the alar septum. Also, the counter septum
is longer than other major septa on the celice floor. It does not differ from them in other portions
of the calice, however. This elongation might have been caused by some asymmetry of the calice.
No columella was formed, and the structure discussed was not evaluated herein as diagnostically
important. The minor septa, well developed in the upper part of the calice, decrease to disappear-
ance near its floor.

Underdevelopment of the minor septa in calices depends on the ontogenetic stage of corallites.
The younger they are, the less well developed minor septa they possess in the inner portions
of their calices. This tendency is observed also in the cross sections. Foundations of both cycles
of septa are invariably present at calice margins of all well preserved corallites (pl. 2:1a—c,
5a, b, 7b, 8b, 10, 11b, 12a),

Some variation is observed in the development of the alar fossulae and in the morphology
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of the cardinal fossula, which may not contain any underdeveloped major septa in the early
ontogenetic stage (pl. 2:3a, 7b). Being similar in this respect, they differ slightly in length of
the cardinal septum. Some specimens have a rather long cardinal septum at this stage of
growth (pl. 2:5b, 6a, 8b).

The early neanic stage (fig. 7:3a—c) is typically zaphrentoid and has a long cardinal septum.
In further growth, observed on different corallites, the arrangement of major septa may be
allotropiophylloid (fig. 7:1a—b, 2). The former specimen differs from the comparable stage
of the holotype in having major septa in the counter quadrants much shorter than those in the
cardinal quadrants, but accelerated in number. Also, the alar fossulae are less distinct in that
specimen. The differences mentioned, as well as a slightly different calice morphology (pl. 2:11b),
may eventually form the basis for elimination of this and similar corallites from the species
discussed.

Remarks. — The described species differs from the type species first of all in not showing
any strong thickening of structural elements. This has been observed at a fairly early growth
stage, as well as in calices. Although I do not agree with OEKENTORP’s (1980) concept that the
thickening of the structural elements is totally inorganic (FEporowskl 1986), I cannot
accept a higher than specific value for this character, also, the subsequent shortening of major
septa in the cardinal fossula and a tendency to shorten the cardinal septum are characters said
to be absent in E. reidi HiLL, 1938 (HiLL 1938, 1981). These problems are discussed together
with remaiks on the genus. They form the main reason for the uncertainty of the generic
status of the species described. The role of these characters is lowered by their variability in the
early growth stage. Lack of information concerning the morphology of calices and early growth
stages in E. reidi and the unknown morphology of the tabularium in ? E. profundum sp. n.
made further comparison of these two species impossible.

Discussion on the similarity and/or relationship and differences of ? E. profundum sp. n.
to/from? E. robustum sp. n. and Allotropiochisma (Alligia) flabellum sp. n. are discussed under
remarks on these species.

Occurrence. — Locality USNM 728e:28, 728f:3, AMNH 696:1, Lower Bone Spring
Formation.

Subfamily Antiphyllinae ILina, 1970
emend. WEYER, 1975 and in this paper
Type genus: Antiphyllum SCHINDEWOLF, 1952 = Claviphyllum Hupson, 1942

Diagnosis. — Hapsiphyllidae with counter septum commonly elongated, never shortened;
cardinal septum shortened late in ontogeny or only on calice wall; stereocolumn of early ontogeny
often replaced by free axial area.

Remarks. — WEYER’s (1975) concept of the subfamily status of Antiphyllinae within Hap-
siphyllidac GRABAU, 1928, as well as several of his ideas concerning genera were adopted in this
paper. Some differences with him and with HiLL (1981), as well as some other data or deductions,
required explanations that follow.

A group of genera included in this subfamily exhibits several morphological and ontogenetic
characters in common. The characters most important diagnostically were composed in the
table enclosed. Such features as distinct septal furrows and tabulae highly uprised adaxially but
sagging in corallite axis were omitted from this table as either common for all genera (the former)
or uncomparable due to the lack of data (the latter). Also the genus Pseudobradyphyllum Do-
BROLJUBOVA, 1940, a possible younger synonym of Paracaninia Cux, 1937 (WEYER and ILINA
1979), was excluded from this discussion. One of the characters selected by HiLL (1981) as diag-
nostic, i. e. location of the cardinal septum on the convex side of corallites was confirmed in the
species of Bradyphyllum GRABAU, 1928 here described as being variable even on a species level.
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Morphologically-comparative table of Antiphyllinae ILiNa, 1970
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Cardinal Cardinal Counter Alar Major
Name of genus septum fossula septum septa septa
Actinophrentis Shortened on Reaching corallite | Slightly to Slightly elongated | Pinnately arranged,
Ivanowskl, 1967 calice floor axis, narrowing distinctly or equal to major | almost reach
adaxially elongated septa corallite axis
Bradyphyllum Triangular, not Slightly elongated | Often slightly Radially arranged,
Grasau, 1928 ” reaching corallite | at least in neanic | elongated in neanic | leave free axial area
axis stage stage
Claviphyllum Elongated to form Zaphrentoidally or
Hupson, 1942 »” ” incipient columella | Shortened radially arranged;
often rhopaloid
Falsiamplexus Variable Inconspicuous, May be slightly Equal to other In maturity short,
gen. n. shallow elongated major septa radially arranged;
aulos in neanic part
Lytvolasma Shortened on Key-hole in Slightly elongated | In neanic stage Pseudoradial; often
SosHKINA, 1925 calice floor maturity at least in neanic | slightly elongated | thicker in cardinal

Monophyllum
FoMICHEv, 1953

Rotiphyllum
Hupson, 1942

Shortened on
calice wall,
long on floor

Widened adaxially,
reaching corallite
axis

Reaching corallite
axis, narrowing
adaxially

stage
Elongated to form

incipient columella

More or less elong-
ated

Longest of
quadrants in neanic
stage

quadrants; straight

Radially or pseudo-
radially arranged;
meet in axis

Radially arranged;
meet in axis; may
tend to shorten

Genus Claviphyllum HupsoN, 1942 and its younger synonym Antiphyllum SCHINDEWOLF,
1952, emended by WEYER (1974), are best characterized by underdevelopment of alar septa
in the ephebic stage. Underdevelopment of the counter-lateral septa, elongation of some
metasepta in quadrants and the rhopaloid character of a counter septum and ats elongation,
stressed by HILL (1981:F310), are not always well developed but may serve as supplementary
characters. Contratingent versus shortened minor septa as a possible generic (subgeneric)
character should not be considered because of the late and step by step appearance of them in
ontogeny. A concept by HiLL (1938—1941, 1981) and Hubson (1942) supported by WEYER
(1975) including specimens with and without contratingent minor septa in this genus is thus

followed also in this paper.

The characters listed above make Claviphyllum a readily distinguishable genus. Clavilasma
WEYER, 1975 is also distinct except for its close similarity to Claviphyllum. In this respect its
independent generic status may well be questioned. Metriophylloid carination, the only character
distinguishing it from Claviphyllum may not be adequate for generic distinction. Lack of carinae
in all known sections of two paratypes of the type species of this genus, WEYER (1975:764),
with only five specimens studied also casts doubt. Carination in this instance may well be
a specific character. This question is left open, however, because of its more general meaning
concerning subjectivity in evaluation of rank of diagnostic characters in rugosans.

3 — Palaeontologia Polonica 48
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Rotiphyllum HuDsoON, 1942, recently discussed by Weyer (1975, 1977), was widely inter-
preted by authors, which might have resulted from inadequate knowledge of the morphology
of the type specimen of its type species. Shortening of major septa and development of a free
axial area in Bradyphyllum GRABAU, 1928 were stressed by Hupson (1942:258) as such an im-
portant distinction that “the similarity of stiucture in early growth stage in Bradyphyllum
to that in the adult Rotiphyllum may be due to the operation of similar trends and does not
necescarily imply a Rotiphyllum to Bradyphyllum lineage or even any g-netic relationship”.
However, the rame author, (Hupson 1944) introduced sub pecies R. rushianum cavum character-
ized by a free ax’al area of an aulos type. The d agnostic in:portance of shorten ng versus non-
shorien’t g of major sep’a was acknowledged also by HiLL (1981: F312), but it has not been
accepled by WEYER (1977), who p'aced the short-seplal Fasciculophyllum simplex SCHINDEWOLF,
1952 in Rotiphyllum. Also, species ass’gned to Rotihyllum by de GROOT (1963) possess narrow
free axial areas. The card nal septum, not shortened at a calice floor would rema'n the only
d:ffercnce of such cpecies from Bradyphyllum. This kind of interpretation leads towards consid-
er.ng all Bradyphyllum-like corals with a card nal scpium shortened only on a calice wall as
members of Rotiphyllum. All cpecimcns described as Bradyphyllum by de Groot (1963) are
good examples. Such en app:roa.h em phasizes the dizgnostic value of elongation of a cardinal
sepium along a foscula floor over such characters as shorten'ng of major scpia and equall:ng of
a counter scp.um to the lcngth of other major sep:a. In ¢pite of  he s'ngularity of this a character,
I will follow that concept, because the latter two characters change alco in other g nera included
in the subfamily discussed, while the former m.ust be so far considered constent. The long cardinal
sep.um shown by a s'ng'e transverse sect’on of the hololype of Bradyphyllum bellicostatum
GRABAU, 1928 (pl. 2:11d) iray be either an on!og netic ren.nant or an ncidentall, short lasting
elongation. In indicat'ng variability also in this a character, i. e. the last one 1o distinguish
Bradyphyllum from Rot.phyllum, we have to accept a very broad genus concept. Such a concept,
although possible, is not acccp:ed here because of too many d fferent mo: pho.ypes being ‘ncluded
in it. 1 cu pect that g'vcn conmb nat’ons of characters, established as g:neric, appeared :ndepen-
dently several times within this group of corals, which makes a I'ncar g: neric concept doubtful.

Observations on the <pecies described in this paper, as well as better confirmed literature
data, permit the conclusion. that the type <pecies of Bradyphyllum GRABAU, 1928 and Rotiphyllum
Hud:<on, 1942 adequately prove their dist'nct generic identifications, but several other cpecies
included in either of these gcnera show more and more iniermed’ate characters, a mosaic-like
occurrence of which retouches the sharpness of the inter-g-neric boundary. This may be exem-
plified start'ng with Bradyphyllum differentiatum FEDOROWSKI, 1973 from the Wocklumeria
or Gattendorf.a stage of Poland. This grolog'cally oldest known species of bradyphylloid mor-
pholegy exhibits shorten ng of major septa and slight elongation of the counter septum typical
for Bradyphyllum, hav'ng at the same time the cardinal sep’um only sl’'ghtly shortened. Such
a morpholegy may indicale its origin from a hypothetical Rotiphyllum-like cpecies by means
of shortenir g of major scp:a, but true rot'phylla are not known to occur at this gzolog’cal level.
WEYER (1975:756) mentioned a presence of non-~typical rot phylloid ¢pecies hav.ng long minor
sepia at {he counter sep’um in the Gattendorfia Stege in the Rheinisch Schiefergebirge. On the
other hand, however, well accenZuated elongation of the counter sep:um and alar sep:a brings
B. differentiatum close to the oldest known soshkincophylla and the family Polycoeliidae de
FROMENTEL, 1861 as a whole, which has already been discussed earlier (FEDOROWSKI 1973:105),
offcring a reason for includ ng Bradyphyllum in Polycoeliidae. Such a trend has not been observed
in true rotiphylla, but its ren.nats may be found in several but not all bradyphylla, those described
in the presen: peper included. Several trends of development or morphotypes of early ontogeny
observed in Bradyphyllum (see discussion of this grnus) makes possible an orig:n of them from
d.fferent ancestors.

Also, Rotiphyllum Hupson, 1942, if its concept and synonymy of WEYER (1975) and HiLL
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(1981) is accepted, con*ains species so distinct morphologically as Tournaisian R. omaliusi
(M.-E. and H., 1851), Namurian R. simplex (SCHINDEWOLF 1952) or Moscovian R. sokolovi
(FomicrEv 1953). No direct linkeage between these species is possible to presume. There is
also no other common lineage or stock of Rotiphyllum, the mentioned or other species could
have been derived from each other on a different geological level which is the only way to accept
the natural relation within the genus. Conrposition of similar morpholypes, whose relation
may or may not be close even on the discussed subfamily level is thus preasumed as it was in the
case of the Bradyphyllum. Each appearance should therefore be treated individually, but the
common gzneric name may be convenient to use on the recent level of knowledge of these
taxa, unless their distinct origin is established.

The type specimen (not seen) of R. rushianum (VAUGHAN 1908), as well as the specimens
of this species described by Hubpson (1944) and housed in the British Museum (Natural History)
examined by me, exhibit characteristic per pheral thicken'ngs of major septa. In transverse
section the microstructure of these thicken ngs show disjunction of the middle lines of septa
and formation of structures similar to those cailed “Stirnen” by ScHOUPPE and StacuL (1955).
Similar disjunctions were interpreted by OEKENTORP (1980) as diagenetically caused. Such an
interpretation cannot be accepted in the case discussed, because none of the numerous taxa
found in the same locality and influenced by the same diagenctic factors exhibits similar aitera-
tions of sep*a. It should rather be natural, of biological not diagenetic orig'n, and might have
resulted from specialised growth of major septa. Cnly observations in calices may fully confirm
the above interpretation. The taxonomic rank of such a character may well be considered lower
than generic, however.

In contrast to de Groot (1963), WEYER (1975) and HiLL (1981), I do not consider Mono-
phyllum FoMIcHEV, 1953 a junior synonym of Rotiphyllum Hupson, 1942, As mentioned above,
the long card’nal septum rema'ns in fact the only constant difference between Rotiphyllum
and Bradyphyllum GraBau, 1928. If the synonymy mentioned above is accepted, this difference
also disappears and we have to accept a single g-nus that contains most genera and species
included by HiLL (1981) in Antiphyllinae (ILiNna 1970) and lasts from the uppermost Devonian
or lowermost Carboniferous to Upper Permian. This is unacceptable in the context of the
discussion so far. Differences between Monophyllum and most closely related genera are discussed
with that genus.

Actinophrentis IVANOVSKI, 1967 was unambigously synonymized by WEYER (1975) with
Rotiphyllum Hupson, 1942. Also HiLL (1981) supposed it a possible synonym of that gznus.
My position on this question is opposite, which is discussed under remarks on that genus.

Two genera included by WEYER (1975) in Antiphyllinae ILINA, 1970, namely Saleelasma
WEYER, 1970 and Drewerelasma WEYER, 1973 were synonymized and included by HiLr (1981:
F309) in the family Stereolasmatidae FoMicHev, 1953. The concept of this family and its content
proposed by FomicHEV (1953) cannot be followed and was completely changed by HiLL (1981)
in accordance with the morphology and possible relations of its type genus Stereolasma SIMPSON,
1900. Omitting further remarks on Stereolasmatidae, I follow HiLL’s (1981) concept in excluding
Saleelasma and Drewerelasma from Antiphyllinae. This is again without comments on their
synonymy, which does not seem certain 10 me. Two characters of these genera advocate for
excluding them from Antiphyllinae: a tendency to shorten a counter septum and elongation of
counter-Jateral minor septa so as to form a triad. The latter is not accompanied by a tendency
of any other minor septa to elongate. WEYER (1975, fig. 1) tried to lessen the value of the first
trend by showing a picture of an otherwise rhopaloid specimen that has the counter septum
withdrawn from the corallite axis. Being slightly shorter than some other major septa in this
calicular section, this septum remains longer than the septa adjacent to it, which is not the case
of Saleelasma (e. g. WEYER, 1970, pls. 2:6, 7; 4:4, 5, 10; 5:6—8). It may be shortened also

beneath the last tabula, which is shown on pl. 7:6 of the same paper. Drewerelasma sp. of
3
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WEYER 1975 does not show such a shortening, but the holotype of the type species of this genus
exhibits a rapid shortening of all septa in counter quadrants in the calice (WEYER 1973, figs.
3—6). Without considering how these characters fit with the Devonian Stereolasmatidae it
has to be said that such a trend is opposite to that commonly observed in Antiphyllinae.

Development of a triad, a second questioned character of the genera discussed, can appear
in Antiphyllinae, but only as aresuit of step by step enlargement of the length of the minor
septa, beginning with thé counter-lateral minor septa. It thus has to be classified as a trend oppo-
site to that observed in the genera discussed, where it is rudimentary from earlier existing
contratingent minor septa, reduced already on the level of development of these genera.

The situation is different as far as so-called Stereolasma of FoMicBEV 1953 non SIMPSON
1900 is concerned. At least some, of not all, species attributed to this genus by FomicHEv (1953)
should be left in Antiphyllinae, although the generic status of them Rotiphyllum(?), Bradyphyllum
(?), Monophyllum (?), other genera (?) is mainly disputable and is left open in this paper.

HiLr (1981: F316) chose Parastereophrentis virgata FOMICHEV, 1953 as the type species for
the subgenus. She simultaneously put it in synonymy with Zaphrentites HuDsON, 1941, Reexamin-
ation of the remaining part of the holotype of P. virgata (fig. 25:6) shows its close relation to
Lytvolasma SosHKINA, 1925, which is supported also by younger stages of this specimen, illus-
trated by FomicHev (1953, pl. 7:5a—v), closely comparable to younger portions of the corallites
here described (see discussion of Lytvolasma). Paratypes of P. virgata show large differences in
morphology, and at least some of them belong to other taxa. P. ? invalida FomichEv, 1953
(fig. 25:4, 5 in this paper) discussed together with Allotropiochisma FEDOROWSKI, 1982, may
probably be included in that genus.

Genus Actinophrentis IvANOVSKI, 1967

Type species: A. donetziana FomicHEvV, 1953

Synonyms: ? e. p. Stereolasma FomiCHEV, 1953 non Smpson, 1900, ? Longiclava Easton, 1962.

Geographic und stratigraphic range: USSR, Donetz Basin, Upper Moscovian; USA ? Montana, ? Upper Mississipian
Texas, Wolfcampian.

Diagnosis.— Small, solitary corals without dissepimentarium ; major septa pinnately arranged
up to calice floor, united axially by stereocolumn; cardinal septum shortened from early matu-
rity ; counter septum permanently elongated, distinctly or moderately; cardinal fossula meets
or almost meets corallite axis; minor septa underdeveloped.

Remarks. — This genus, introduced by Fomichgv (1953), was invalid until IVANOVSKI
(1967:40) designated A. doneiziana FomicHEv, 1953 as its type species. Its synonymy with the
Lower Carboniferous Densiphyllum of Britain ( = Rotiphyllum Hupson, 1942), suspected by
FomichEV (1953:70), was fully accepted by IvaNovskI (1967:40) and WEYER (1975:759). The
latter author qualified this genus as an unambiguous synonym of Rotiphyllum. HiLL (1981:F310)
accepted this synonymy with an interrogation mark. Two characters of Actinophrentis support
that synonymy: presence of a constant stereocolumn and pinnate arrangement of major septa.
The latter character is true only if corals of the “Zaphrentis” omaliusi M.-E. and H., 1851
group of species is considered congeneric with R. rushianum (VAUGHAN, 1908).

Characters diagnostically more important, in my opinion, advocate against such a synonymy.
Two of them are derived from the holotype of the type species of the genus. These are: 1. Early
shortening of the cardinal septum that only reaches stereoplasmic column in the immature
transverse section (FOMICHEV 1953, pl. 1:23a) and does not penetrate it 1o the corallite axis as
all unambiguous rotiphylla do. Shortening of this septum increases with growth. The uppermost
section illustrated by Fomicuev (1953, pl. 1:23v), although incomplete, shows an axial part of
the cardinal fossula with no trace of the cardinal septum. The section of a tabula crossing the
cardinal fossula at the limit of the preserved part of the section proves the supratabular position



UPPER PALAEOZOIC RUGOSE CORALS 37

of at least this part of the section. Also two sections of tabulae seen in a well preserved septal
loculus in one of the counter quadrants may indicate that the strange fabric that fills in interseptal
loculi does not necessarily prove the calicular position of the whole section. Shortening of the
cardinal septum in true rotiphylla may take place only in calices or, strictly speaking, along
calice walls, not along their floors. This makes a substantial qualitative difference when compared
€. g. 10 Bradyphyllum, possessing a truly shortened cardinal septum, 1. e. the septum not reaching
a corallite axis along the floor of a cardinal fossula. It seems necessary to point out that in
accordance to the concept here accepted of the subfamily Antiphyllinae ILina, 1970, similar
to that of WEYER (1975) and HiLL (1981), the shortening versus non-shortening of the cardinal
septum is considered of generic rank. 2. In contrast to R. rushianum (VAUGBAN 1906) and other
unambiguous rotiphylla, the holotype of A. donetziana retains a pinnate arrangement of septa
up to its topmost part illustrated.

The next argument against synonymy of Actinophrentis with Rotiphyllum is a trend of develop-
ment of a very strong counter septum, observed in geologically youngest specimens placed
within Actinophrentis, but never developed in Rotiphyllum to such an extent.

The characters listed above form a set of features closely comparable to Allotropiochisma
(Alligia) subgen. n., bringing Actinophrentis together with Lytvolasma SOSHKINA, 1925 close
to Hapsiphyllinae Grabau, 1928. There are no strong arguments, except for comparative
ones — for considering Actinophrentis a member of Antiphyllinae rather than Hapsiphyllinae.
These comparative arguments are based on a close similarity of that genus 10 Monophyllum
FoMmichEv, 1953 and Rotiphyllum HUDsON, 1942, i. e. the genera it was synonymized with by
authors. A trend towards an increase of length and size of the counter septum is most important
for this comparison. Columnate genera placed within Hapsiphyllinae are not comparable to
the type genus of this subfamily and should be eliminated from it.

An arrangement of septa in the neanic stage of A. donetziana FoMmicHEv, 1953 described
as radial by HiLL (1981:F310) should in fact be called pinnate. The reexamined thin section,
poorly illustrated by Fomichev (1953, pl. 1:23a) shows this unambiguously at least as far
as the cardinal quadrants and right counter quadrant are concerned. Lack of distinct lateral
pseudofossulae may be the only reason for not regarding this morphology as truly zaphrentoid.
It is better accentuated in the species here described (figs. 8, 9). Such an arrangement of septa
in early ontogeny is frequent in Hapsiphyllinae as well as in Antiphyllinae and cannot advocate
for placing Actinophrentis in either subfamily.

Stereolasma monophylloides FomicHEv, 1953, in contrast to its name, is a species closer to
A. donetziana FOMICHEV, 1953 than to other species. Better accentuated zaphrentoid arrangement
of major septa in the neanic stage and almost unelongated counter septum are the main differ-
ences between these two species. More careful restudy of the FoMmicHev’s (1953) collection is
required to establish a true relation of these corals.

Genus Longiclava Easton, 1962 was introduced by that author for small, solitary corals
with “... a long counter septum... (axially swollen)”, and “the cardinal fossula on the convex
side of the corallite”. These characters and rhopaloid septa near the counter septum allowed
EasTON (1962) to place his new genus within the family Plerophyllidae KOKER, 1924 and to
compare it most closely to Fasciculophyllum Tuomson, 1883, Claviphyllum HuDsON, 1942,
and Rotiphyllum HUDSON, 1942. Such a family assignment is not supported by any significant
morphological characters, while elongation of a counter septum in this genus is in contradiction
to the diagnosis of this family. Any detailed discussion in this respect is thus not required.
A comparison on the generic level made by EasTon (1962) is important, however, as being indica-
tive of the suspected relation of Longiclava. All three genera compared belong to Antiphyllinae
ILina, 1970 in the sense of WEYER (1975) and HiLr (1981), accepted in its main part in this
paper. Also, Longiclava should be placed in this subfamily rather than in Hapsiphyllinae
GRraBAU, 1928, as proposed by HiLrL (1981).
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Fig. 8.

Actinophrentis columnare sp. n. 1. Specimen USNM 196726. Locality USNM 702t, Neal Ranch Formation. Transverse

sections; a—c¢ — neanic stage; d — ephebic stage; e — ephebic stage; parts above last tabula shaded. All, x 8. 2. Specimen

USNM 196727. Holotype. Locality USNM 706x, Neal Ranch Formation. Transverse sections; a-—e — neanic stage;
f, g — ephebic stage. All, x8.

The main characters of this genus are in agreement with the diagnosis of Actinophrentis,
except for shortening of some major septa near the cardinal fossula on a calice floor. This
character, shown by the paratype illustrated by Easton (1962, pl. 3:23b), is confirmed by the
section of the holotype (fig. 25:7 in this paper) made above those illustrated by EasTon (1962,
pl. 3:21a, b). Evaluation of it may be different: either as unimportant, which will confirm
synonymy of this genus with Actinophrentis, or as having some taxonomic value. In the latter
case, the Chesterian Longiclava may be considered ancestral for Actinophrentis.
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Actinophrentis columnare sp. n.
(fig. 8:1, 2; pls. 3:1, 2, 5, 6, 4:8, 9, 1)

Holotype: Spzcim»n USNM 196727, fig. 8: 2a—g, pl. 4:9a, b.

Type locality: USNM 706x.

Type horizon: N:al Ranch Formation.

Derivation of the name: columnare — after strong, elongated counter septum in maturity.

Material. — Eight specimens having proximal ends and calices at least in part preserved.
Internal structure mainly calcitic, in some corallites silicified. A cardinal septum located on the
concave side in six corallites, in one on the convex side and in one on the lateral side. N:d ratio
at calice floor vary from 20:8.0 in the holotype to 24:9.5 in the largest parytype.

Diagnosis. — Actinophrentis having maximum n:d ratio at calice floor 24:9.5; counter septum
thick at maturity, elongated so as to meet corallite axis; cardinal septum shortened from early
maturity; neanic stage zaphrentoid, having long cardinal septum.

Description of the holotype. — The corallite is a worn specimen whose external surface
is slightly abraded and whose upper part of the calice is broken. The better preserved parts of
the thick external wall bears distinct furrows of major and minor septa, although the latter are
undistinguishable inside the corallite even in the lower and middle parts of the calice. The
upper portion of the corallite was partly broken diagenetically by a strong mechanical impact.
A distinct counter septum is the main character of the calice. It occupies an axial part of the
corallite, forming a weak columella touched by almost all major septa.

The mature morphology seen in transverse sections (fig. 8:2f, g) is characterized by a pinnate
arrangement of long major septa thickened adaxially along 1/3 of their inner length to contiguity.
Their peripheral parts are also thickened. The described arrangement of major septa is reflected
in development of alar pseudofossulae that are more prominent in the ontogenetically younger
section (fig. 8:2f). They are emphasized here by an underdevelopment of the last pair of major
septa of the counter quadrants. An increase in septa is distinctly accelerated in these quadrants.

Lengths of the cardinal and counter septa exhibit opposite tendencies in the course of mature
growth of the corallite: the cardinal septum became quickly and distinctly shortened, while
the counter septum, only slightly elongated on the ontogenetically younger section (fig. 8:2f),
became overwhelmingly dominating upwards (fig. 8:2g). The cardinal fossula extends to the
corallite axis. Its inner part, widened in early maturity, narrowed adaxially upwards, which is
also seen in the calice.

Ontogeny. — An arrangement of septa in the ontogenetically youngest portion of the cora lite
was disturbed by a commensal organism (fig. 8:2a, b). Because of this the arrangement of septa
became more clearly zaphrentoid starting only from the next section (fig. 8:2¢). Acceleration
in increase of septa was not obvious at the beg'nning of growth, being marked only be the
fitst appearance of septa in counter quadrants (fig. 8:2a—d). Separation of middle lines of septa,
the cardinal and the counter in this number, seems to be diagenetic in character. Elongation
of the latter two septa is seen as early as on this stage (fig. 8:2¢, d). Starting from the stage
that can be called late neanic (fig. 8:2¢), the cardinal septum tends to shorten. The same section
shows elongation of the alar septa that meet an axial end of the slightly elongated counter septum.
The cardinal fossula and the alar pseudofossulae are already distinct.

Individual variation.— The majority of paratypes do not show strong elongation of the counter
septum (pl. 3:1, 5, 6). This resulted from the fact that development of the counter septum
was more strongly accentuated only in late maturity, while majority of specimens studied did not
reach such an advanced stage of growth. The fully mature corallites (fig. 8:1a—e; pl. 3:2)
have the counter septum strongly elongated without losing the pinnate arrangement of major
septa up to the calice floors.

Zaphrentoid arrangement of major septa in the neanic stage described for the holotype was
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confirmed by the morphology exposed on the tips of some paratypes and in series of transverse
sections of one paratype (fig. 8:1a—c; pl. 4:8a, b).

Remarks. — The species described differs from the type species in the strong thickening
and elongation of the counter septum and in the more clearly zaphrentoid arrangement of septa
in the neanic stage. The first of these characters was discussed above as being developed only
in advanced maturity, which indicates that it is a specific character. The zaphrentoid onto-
geny may be interpreted as a distinctly quantitative character.

A. columnare sp. n. shows some similarity to Monophyllum cassum sp. n., which is especially
well seen in the late neanic and early ephebic growth of some specimens of the latter and
especially in its holotype (fig. 23:1¢, d). Both ontogenetically earlier and later growth stages
of that species differ distinctly enough from A. columnare sp. n. to confirm different systematic
positions of these taxa. As in some other species and genera of the subfamily discussed, the
similarity mentioned documents the relation of American representatives of these taxa.

Occurrence. — Locality USNM 701:3, 701c:1, 701d:1, 702t:1, 706x:1, Neal Ranch For-
mation, ?7221:1, Skinner Ranch Formation, Sullivan Peak member.

Actinophrentis bonespringense sp. n.
(fig. 9:1a—e; pls. 3:8, 9, 13, 15, 4:10)

Holotype: Specimen USNM 196731, fig. 9a—e; pls. 3:8a—d, 4:10a—d.
Type locality: USNM 728e.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: bonespringense — after the type stratum.

Material. — Six externally silicified corallites with well preserved calices, but with proximal
ends and internal structure either silicified or slightly destroyed by etching.

Some features of representative corallites (in mm):

USNM n:d C septum Depth of
cat. nos. ratio side Length calice Remarks
196731 21:9.5 lateral 14.0 7.2 calice margin
" 18:5.0 , foor
196733 17:5.5 concave 12.0 6:0 ,» margin
. 15:3.0 ,» floor
196734 16:7.0 lateral 15.0 7.3 ,» margin
’ 15:5.2 , floor
196735 16:7.0 convex 11.0 6.0 , margin
' 15:4.1 ,» floor
196732 15:4.3 lateral 9.0 5.0 , margin

Diagnosis. — Actinophrentis having n:d ratio up to 21:9.5 and calices occupying 1/2 length
of corallite; counter septum moderately elongated; minor septa seen only at calice margin.

Description of the holotype. — The broadly ceratoid corallite widens suddenly upperwards.
Deep septal furrows at the corallite surface are separated by wide, hemispherical interseptal
ridges. Growth striae, except for the strongest ones, were destroyed by silicification (pl. 3:8b).

The major part of the calice volume is empty because the blades of the major septa do not
extend more than 0.7—1.0 mm from the external wall (pl. 3:8¢c, d). They are comparatively
longer on the calice floor, where the calice itself is also narrower, making connection of their
inner ends possible. The arrangement of major septa is typical for the genus: radial on the calice
-wall and pinnate on its floor. The deep cardinal fossula, bordered by two major septa only,
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reaches the inner end of the elongated and slightly thickened counter septum. The latter does
not form a columella but its domination is clear. The cardinal septum penetrates approximately
1/2 the length of the cardinal fossula. The alar fossulae are inconspicuous but recognizable.
Foundations of the minor septa, seen on the calice margin, do not transfer into septal blades
and disappear completely inside the calice.

Fig. 9.

Actinophrentis bonespringense sp. n. Specimen USNM 196731, Holotype. Locality USNM 728e, Lower Bone Spring
Formation. Transverse sections; a, b — early neanic stage, x20; ¢, d — neanic stage having worm tube embedded into
external wall, x20; e — late neanic/early ephebic stage, x10.

In the transverse section made approximately 1.5 mm below the calice floor, the morphology
is slightly deformed by a commensal worm. The arrangement of the major septa is otherwise
zaphrencoid, with the cardinal fossula and alar fossulae well developed. The long cardinal septum
bisects the fossula to reach the corallite axis. The cardinal septum, although reaching the same
region and being slightly thicker than other major septa, does not dominate (fig. 9:1¢). Serial
transverse sections of the neanic portion of the corallite (fig. 9:1a—d) show zaphrentoid mor-
phology, with the new major septa increasing first in the counter quadrants but with no accelera-
tion in these quadrants. '

Individual variation.— All paratypes are ontogenetically younger than the holotype, showing
such juvenile characters as very little elongation of the counter septum and an advanced under-
development of minor septa. In two corallites the counter septum is either slightly better devel- -
oped (pl. 3:92a) or may form a kind of axial knob (pl. 3:12b). Variability in this a character and in
position of the cardinal septum (see table) are of major importance. The better developed counter
septum was located either on a convex or on a lateral side of the corallites.

Remarks. — The described species more closely resembles A. columnare sp. n. than A.
donetziana FOMICHEV, 1953 which is best reflected in its early ontogeny. It differs from both these
species in having a different n:d ratio, a weaker stereocolumn, thinner major septa and, first
of all, in possessing very deep calices, causing the juvenile character of the morphology in sections.
A. bonespringense sp. n. differs additionally from A. columnare sp. n. in not developing a very
strong counter septum and from A. donetziana FoMicugv, 1953 in having narrower cardinal
fossula.

Occurrence. — Loc. USNM 728e:5, 728h:1, Lower Bone Spring Formation.
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Genus Bradyphyllum GRABAU, 1928

Type species: B. bellicostatum Grasau, 1928

Synonyms:
Zaphrentis WHITE, 1884; NEwEeLL, 1935; DEMANET, 1943
non RAFINESQUE CLIFFORDS, 1820
Hapsiphyilum Girty, 1915; e. p. HeriTscH, 1941, ? e. p. Moore and JEFFORDS, 1945 non Simpson, 1900
? Meniscophyllum HeritscH, 1940, non Simpson, 1900
? Zaphrentoides HERITSCH, 1941, non STUCKENBERG, 1895
? Paracaninia MooRrg and JefrForDS, non CHi, 1937
e. p. Allotropiophyllum FomicHev, 1953, non Grasau, 1928
Fasciculiamplexus EASTON, 1962
e. p. Amplexizap/irentis Ross and Ross, 1963; RoweTT and SUTHERLAND, 1964, non VAUGHAN, 1905
Non Bradyphyllum Heritsch, 1936, 1937, 1939; ? d= Groor, 1963; Rowetr, 1969; HoMann, 1971; FLUGEL, 1973; Lo
and ZHao0, 1962; Zdao, 1981

Diagnosis. — Anuphyllinae having cardinal septum long in early ontogeny, shoriened in
maturity below calice floor; cardinal fossula triangular, not reaching corallite axis, located
on various sides; counter sepium slightly elongated, at lcast in early ontogeny; major septa
radially arranged, shortened to form free axial area; tabulae highly iising adaxially, sagging
in axial portions.

Remarks. — The list of synonyms proposed is only approximate. Most of suspected syno-
nyms are only conditional because of the lack of precise descriptions and illustraiions and the
possibility of different identifications. Their relation or similarity to B. bellicostatum GRABAU,
1928 is not discussed here in detail.

More completely investigaied species of Bradyphyllum exhibit characters in their mature
morphology and, more imporiantly in their ontogeny that permit hypotheses of their possible
orign. The gcologically oldest species known so far, B. d'fferentiatum FEDOROWSKI, 1973, was
discussed in remarks on the subfamily as showing some connections to the oldest Polycocliidae
rather than to other groups of corals. Such a strong accentuation of a calophylloid elongation
of four protosep:a has not been met in the geologically younger species, which considerably
separates the species discussed.

Occurrence of any bradyphylla in the Tournaisian and Lower part of the Viséan are not
certa'n. They appcared in the Upper Vis¢an in Europe (e. g. FEDOROWSKI 1968; Poty 1981)
and in the transitional Mississipian-Pennsylvan’an Cameron Creek Formation of the United
States (EAsTON 1962). These corals, and especially the European ones, exhibit strong similarity,
or rather relation to Rotiphyllum Hupson, 1942. This has been stressed by composition of the name
B. rotiphylloides Poty, 1981 and in the description of both European species. Rotiphyllum
granulatum (THOMSON, 1881), redescribed by Hubson and Fox (1943) from the Lower Namurian
of Scotland, is probably the earliest Rotiphyllum showing the bradyphylloid shortening of the
major septa. Thus the trends to shorten the cardinal septum and the major septa are hetero-
chronous and may form another proof for the complex relations within the groups of species
discussed.

As far as American taxa are concerned, I consider Fasciculiamplexus EASTON, 1962 a junior
synonym of Bradyphyllum rather than a member of Hapsiphyllidae GRABAU, 1928, as proposed
by WEYER (1975: 755) or of Zaphrentoidiinae SCHINDEWOLF, 1938 as postulated by HiLL (1981:
F318). Morphology in longitudinal section, the nearly triangular shape of the cardinal fossula,
bordered in maturity by two sepia only, the radial arrangement of major septa in maturity,
typical for Bradyphyllum but not met in Zaphrentoidiinae and in true Hapsiphyllinae, advocate
for this opinion. The early ontogeny of this genus may be comparable to representatives of
either of these subfamilies, pointing out relation of at least some members of them. The elon-
gation of the counter septum clearly seen on pl. 3:13d of Easton (1962) may be additional
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proof of synonymy of Fasciculiamplexus with Bradyphyllum. Its nonthopaloid, thin axial ends
of major septa in mature portions (Easton 1962, pl. 3:13a, €) is the only feature that can be
considered aiypical of most Antiphyllinae, but quite common, e. g., in Amplexizaphrentis
VAUGHAN, 1906. However, a similar shape of septa is also present in the uppermost known
transverse section of B. bellicostatum GRABAU, 1928, (pl. 2:11¢), which negates the diagnostic
value if this character on a generic level. It may only mean that major septa, thickened on a sur-
face of tabula or just above it, thin considerably upperwards, which is well seen on pl. 3:13e,
(left side) of EasToN (1962).

The discussed period of geological history (Upper Viséan — equivalents of Lower Namurian)
was probably a period of appearance of the bradyphylla derived from rotiphylla. This derivation
was probably not a single evolutionary event, leading to a further parallel development of both
genera, but possibly several events taking place in different times. However it was, one can
observe a close relation in morphology and ontogeny of many of the Middle and Upper Carbo-
niferous species of either bradyphylloid or rotiphylloid morphology. Species of de GrooT
(1963) attributed to either of these genera, some species described by Fomichev (1953), e. g.
B. bellicostatum GRrRABAU, 1928; B. oppositum FOMICHEV, 1953; B. slavianovi FOMICHEV, 1953,
and possibly also Zaphrentis aff. postuma SMiTH of DEMANET, 1943 and B. bellicostatum GRABAU,
1928 are examples.

The group of species here described from the Carboniferous — Permian boundary possess
an on‘ogeny comparable to Lyfvolasma SOSHKINA, 1925 in the here accepted meanng and to
Allotopiophyllum GRABAU, 1928. Roots of this group may go back as far as to the Middle Pen-
sylvanian “Zaphrentis” wannensis NEWELL, 1935. The maiure morphology is differentiated within
this group and may lead also to Monophy!lum FoMicHEV, 1953 which is postulated in this paper.

Permian bradyphylla are much less common than the Carboniferous ones. Several indications
of their occurrence were based on misinterpretations (e. g. HERITSCH 1936, 1939; ROWETT
1969 ; Zrao 1981). Some may possibly belong to this genus, but knowledge of them is inadequate
to judge (e. g. HuaNG 1932; HeriTscH 1937). B. gracilium HOARE, 1964 originally described
as derived from the Wolfcampian of Nevada USA appear to be Virgilian (Dr. W. J. Sanpo,
written commun., 1984 based on fusulinid determinations by Dr. R. C. DoucLAs) It seems to
belong most certainly to this genus. Its revised morphology shows the cardinal septum shortened
in maturity but below a calice floor, radial arrangement of septa at maturity, and close to roti-
phylloid morphology in earlier stages of growth. Elongation of either the counter or the alar
septa does not occur.Dissepiments described by HOARE (1964:498) are sections of the peripheral
parts of tabulae; arrangement and shape of the latter are also typical for the genus. The species
discussed, with all its specific characteristics, shows relation to rotiphyllum-like corals rather
than to the group of bradyphylla discussed in the previous paragraph. Thus, the stock tending
towards rotiphylloid morphology seems to be most constant and most important for the history
of many species included in Bradyphyllum GraBau, 1928,

Bradyphyllum postwannense sp. n.
(fig. 10:1—=3; pl. 3:7)

Holotype: Specimen USNM 196736, ftg. 10:1a—k.

Type locality: USNM 704v.

Type horizon: Neal Ranch Formation.

Derivation of the name: postwannense — geologically younger than “Zaphrentis* wannensis NEWELL, 1935.

Material. — Five specimens; one having calice, three having proximal ends only slightly
broken apart. Internal structures well preserved.
Diagnosis. — Bradyphyllum having n:d ratio 20—24:7.0—10.5; neanic stage allotropio-
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Fig. 10.
Bradyphyllum postwannense sp. n. 1. Specimen USNM 196736. Holotype. Locality USNM 704 v, Neal Ranch Formation;
a—c — transverse sections, early neanic stage, x8; d—f — transverse sections, late neanic stage, x8; g, h — ephebic
stage, x4; i—k — successive longitudinal sections made from corallite periphery to its axis, x4. 2. Specimen USNM
196737. Locality USNM 705¢, Gaptank Formation. Transverse sections; a — neanic stage; b — late neanic stage; ¢ —
ephebicstage. All, x 8. 3. Specimen USNM 196738. Locality USNM 701 p, Gaptank Formation, Uddenites-bearing member.
Transverse sections; a—c — short septal neanic stage; d — long septal neanic stage; e — ephebic stage. All, x 8.
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phylloid; major septa long, straight, rhopaloid; counter septum not elongated; short cardinal
septum closed in triangular septal fossula.

Description of the holotype, — The corallite is widely ceratoid, slightly curved, having the
cardinal septum located on its concave side. The moderately thick external wall bears distinct
furrows of major and minor septa.

The ontogenetically youngest part preserved, having n:d ratio 14:3.3<2.6 (septal formula
2 3 and two following transverse sections having n:d ratios 16:4.3x2.5 and 16:4.2x2.9
(septal formula % § show zaphrentoid arrangement of septa and heavy coating by stereoplasm,
which almost completely fills in the corallite lumen (fig. 10:1a—c). The arrangement of septa
within some quadrants gives the impression that the metasepta, not the protosepia, are the
longest. This inconstant a character is best distinguishable in the cardinal quadrants, but may
temporarily be seen also in the counter quadrants. All or most of the septa seem to be united
by their middle lines. The cardinal septum, located in the distinct and wide cardinal fossula, is
united wich septa of the counter quadrants, but does not form a straight and direct axial septum
with the counter septum, which is located slightly to the side (fig. 10:1a—c). The latter may
be slightly thicker than major septa, but it is not longer.

The following transverse section, having n:d ratio 20:5.1 and septal formula 3 % (fig.
10:1d), begins an allotropiophylloid morphology of the species discussed. This is the only section
exposing the counter septum dominating by its strong thickness, without being elongated,
however. The major septa in the counter quadrants remain in direct contact, but they become
shorter than the already disconnected major sepia in the cardinal quadrants. The long cardinal
septum loses its direct contact with septa of the counter quadrants.

The allotropiophylloid arrangement of septa is best exposed in two following sections
(fig. 10:1e, f) having n:d ratios 22:7.1 x 6.5 and 22:8.5x 7.8 and septal formula $ £. All major
septa are free, with the rather long cardinal septum located in the narrow cardinal fossula.
The acceleration in increase of septa in the cardinal quadrants, started at this growth level,
is maintaned up to the end of growth of the corallite.

In the mature portion of the corallite, having n:d ratio 23:9.6 and 24:10.5, and with septal
formula $ } and % § respectively (fig. 10:1g, h), the major septa are all rhopaloid, arranged
radially and almost equal in length, except for the thin and short cardinal septum. The narrow
axial area free of septa is a little wider just beneath the calice (fig. 10:1h). The triangular cardinal
fossula is bordered by the axial ends of two major septa adjacent to the cardinal septum. The
minor septa remain absent in the fine structure of the external wall, but their distinct furrows
are present on the corallite surface. Short knobs of them are present only in the upper part of
the calice, where the major septa lose their rhopaloid character.

In the longitudinal section made along the mature parts of the corallite (fig. 10:1i—k),
the peripheral-most parts of the tabulae are horizontal, but they curve sharply to rise steeply
and vertically. The top areas of them coincide with the internal ring of axial ends of major septa
that round the free axial area. Inside this area the tabulae are concave or saggng.

Individual variation. — The paratypes are fairly similar to the hololype in their mature
morphology. Two of them (e. g. fig. 10:2a—c) show also similar morphology in on‘ogenetically
younger portions and the cardinal septa located on their concave sides. The illustrated corallite
differs from the holotype in smaller dimensions (maximum n:d ratio beneath the calice 22:7.1 X
% 6.6) less rhopaloid major septa, and in the appearance of small knobs of minor septa near
the counter sep.um inside the corallite [umen.

A third specimen (fig. 10:3a—e) differs from the holotype not only in smaller dimensions
and n:d ratio (20:7.4 x 7.1) but also in having the card/nal septum located on the convex side
of the corallite, in the morphology of early ontogeny (fig. 10:3a—c) and in the equal development
of septa in all quadrants (septal formula % %). These differences resulted in questionable placing
of the specimen discussed within B. postwannense sp. n.



UPPER PALAEOZOIC RUGOSE CORALS 47

Remarks. — The species discussed resembles nost closely “Zaphrentis™ wannensis NEWELL,
1935 from the Upper Missourjan of Oklahoma. It differs from the latter in having a <maller
diameter a smaller septal number and a much smaller axial area free of septa. This area seems
to be a natural continuation of the cardinal fossula in “Z.” wannensis, while the fossula is closed
in B. (B.) postwannense sp. n. B. (B.) postwannense sp. n. differs from the other species described in
this paper in not having the counter septum elongated in any growth stage, in possessing a short
cardinal septum located in the closed cardinal fossula and, to a lesser degree, in the n:d ratio
and larger dimensions of the largest specimens.

Occurrence. — 701 p:3 — Gaptank Formation, Uddenites-bearing member; 705¢e:1 — Gap-
tank Formation, undivided; 704v:1 — Neal Ranch Formation.

Bradyphyllum counterseptatum sp. n.
(figs. 11:1, 2, 12:1, 2, 13:1, 2; pl:6:1a, b)

1963. Amplexizaphrentis Ross and Ross; J. P. Ross and C. A. Ross: 413; pl. 50:2, 4,6, 7, 9, I1.
Holotype: Specimen USNM 196745, fig. 13: 2a—i.
Type locality: USNM 701 p.
Type horizon: Gaptank Formation, Uddenites-bearing member.
Derivation of the name: counterseptatum — after elongated counter septum.

Material. — 11 worn specimens without calices or calice margins and with broken or abraded
tips. Some corallites externally abraded and/or having siruciures of calices diagenetically broken.
Internal structure well preserved in calcite. The restudied specimens of Ross and Ross (1963)
were also considered.

Some features of representative spechimens in nim:

USNM . width of
cat. nos. n:d ratio axial area Remarks
196743 22:7.3x7.0 3.0x2.3 beneath catice
" 20:6.5x 5.7 1.0 beneath calice
196742 22:71.2x 7.2 1.0x0.6 just beneath calice
196740 20:3.0x 8.0 1.8x 1.5 calicc floor
" 20:7.6x 6.5 2.9x1.9 beneath calice
" 17:5.3x5.3 0.6x0.4 late neanic stage
196744 20:7.2x 6.5 1.8x 1.8 just beneath calice
» 20:6.0x 5.7 0.5 early ephebic stage
196741 20:6.8 x 6.0 3.3x3.0 Jjust beneath calice
” 20:6.5%x 5.3 2.5x2.3 beneath calice
196745 19:7.0x 6.2 1.4%0.7 just beneath calice
s 18:5.8x4.8 0.9%x0.4 early cphebic stage

Diagnosis. — Bradyphyllum with maximum n:d ratio 22:7.5; counter septum well elongated
at least in lae-neanic — early ephebic stage; cardinal septum shortened late in oniogeny;
minor septa absent from corallite lumen.

Description of the holetype. — The externally eroded specimenis slightly over 20 mm long
without a lost apex. Its calice, 6 mm deep without a broken margin, is filled in with matrix
and was diagenetically flattened.

The ontogenetically earliest section (fig. 13:2a) shows the Allotropiophy/lum — like arrange-
ment of sepia, but only slight acceleration of a little sherter and thicker major septa in the
counter quadrants. The card nal sepium is not yet shortened and the counter septum does not
differ from other major septa in lenght and thickness.
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Fig. I1.
Bradyphyllum counterseptatum sp. n. 1. Specimen USNM 196740. Locality USNM 701 p, Gaptank Formation, Uddenites-
bearing member. Transverse sections; a, b — late neanic stage of corallite attached to bryozoan colony; c—f — ephebic
stage, g — ephebic stage; portions above last tabula shaded. All, x 8. 2. Specimen USNM 196741. Locality and horizon
as above. Transverse sections; a, b — late neanic stage; c, d — ephebic stage; major septa distinctly shortened. All, x 8,
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Fig. 12.
Bradyphyllum counterseptatum sp. n. 1. Specimen USNM 196742. Locality 701 p, Gaptank Formation, Uddenites-bcaring
member. Transverse sections; a, b — early neanic stage, c—e¢ — latc neanic stage; f—h —eplebic stage. All, x8.
2. Specimen USNM 196743. Locality USNM 701, Ncal Ranch Formation. Transvzarse sections; a, b — early neanic stage;
c—f — late neanic stage; g, h — ephebic stage. All, x8.

4 — Palaeontologia Polonica 48
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Fig. 13.
Bradyphyllum counterseptatuin sp. n. 1. Specimen USNM 196744, Locality USNM 701 p, Gaptank Formation, Uddenites-
bearing member. a — transverse section, early ephebic stage, x 8, b - transverse section, late ephebic stage, x8; ¢, d —
successive longitudinal sections perpendicular to cardinal-counter septa plan, x 4. 2. Specimen USNM 196745, Holotype.
Locality and horizon as above; a, b — transverse sections, late neanic stage, x 8; ¢ — transverse section, early ephebic
stage, x 8; d, e — transveise sections, ephebic stage, x 8; f—i — successive longitudinal sections perpendicular to cardinal
counter septa plan, x4.

Two subsequent sections (fig. 13:2b, c), made in a distance of approxima‘ely 4 and 5.5 mm-
respectively, show a subradial symmetry in the arrangement of septa and slight elongation of
the coun‘er sepium. The cardinal sepium is slightly longer than the ne’ghbouring major septa.
The on’ogenetically older of these itwo sections shows the first opening of an axial area that
became free of septal ends and of stereoplasmic infillings.

Sections of the mature portion of the corallite remain irregularly radial in symmetry although
new sepia may appear (fig. 13:2d, e).

The cardinal septum, located in the triangular, almost completely closed cardinal fossula,
is distinctly shortened. The counter scpium, thicker than other major septa, is also slightly
longer than them. The minor septa are absent from the corallite lumen; they are also not trace-
able in the remaining part of the thick external wall, which is mainly built of strongly widened,
peripheral parts of major septa.

In longitudinal section, (fig. 13:2g—i) the tabulae, spaced approximately 0.5 mm apart
at the peripheral wall, rise steeply upwards to form a ring that more or less coincides with the
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axial ends of the major septa. Inside that ring the tabulae form a shallow axial depression, open
or slightly inclined towards the cardinal fossula.

Individual variation. — In spite of the small number of corallites available for the study,
differences between them are so large that some of them may eventually be considered unrelated
on the species level. From established differences two trends are most important: widening
versus narrowing of an axial area free of septa and elongation of a counter septum. These two
trends may in some specimens be mixed or separately developed in the others.

One specimen (fig. 11:2a—d) possesses an extremely wide, free axial area with all major
septa more or less equal in length at maturity, except for the cardinal septum, which is located
on the concave side of the corallite and permanently shortened in this stage (fig. 11:2¢, d).
This “amplexoid” morphology follows the ontogenetically younger sections, showing traces
of calophylloid elongation of the cardinal, counter and alar protosepta, with domination of the
former two (fig. 11:2b). This specimen, with most advanced shortening of the minor septa at
maturity, shows at the same time a long-lasting juvenile stage where the major septa meet
zaphrentoidally in its axis. An opposite extreme in formation of a free axial area is illustrated
by another specimen having the cardinal septum located on its convex side (fig. 12:2a, b; PL
5:1a, b). After a short early stage of growth with major septa united axially, and with a strong
axial septum (fig. 12:2a, b) this corallite developed an almost permanently free axial area (fig.
12:2¢, d, f—h). Only sections of it made on the surfaces of thickened tabulae show stereoplasmic
infillings in this part (fig. 12:2¢). Such sections demonstrate also the slightly amplexoid character
of the major sepia. The counter septum in the mature portion is better developed in this corallite
than in other specimens. This is again in contrast to the previously discussed one, although the
free axial area is here the next widest within the species.

There are also corallites, however, mainly possessing a cardinal septum on their concave
side (e. g. fig. 11:1a—g), that can be placed between the two discussed above in development of
the counter septum and appearance of the free axial area. They are at the same time, intermediate
between the former and the holotype in width of that area in maturity. Some specimens (e. g.
fig. 11:1a—g) possessing the cardinal septum located on the concave side, (i. €. opposite to the
holotype), shows allotropiophylloid arrangement of septa in the neanic slage.

Corallites representing an opposite trend, i. e. development of a narrow axial area free of
septa, have their cardinal septa either on the convex or concave (fig. 12:1a—h) side. As in the
specimens with wide axial areas, the development of a counter septum varies greatly, being
quite distinct on individual sections of some corrallites (e. g. fig. 12:1a—h).

Specimen USNM 139772, described by Ross and Ross (1963, pl. 48:1, 2) as Amplexiza-
phrentis sp. B., is here considered member of the species discussed, but it seems to lead towards
B. (7) coagmentum sp. n., possessing an axial area that is very narrow and almost completely
filled in with stereoplasm, but having at the same time the counter septum elongated.

As shown by the represen:ative specimens discussed and illustrated, several characters
considered otherwise as diagnostically important may form a kind of a mosaic in the species
discussed, appearing in variable combinations within individual corallites. Among these,
location of the cardinal septum on either side of a corallite seems of special value, because
HiLL (1981) considers it constant for the whole family Antiphyllidae IrLina, 1970. I do not
suppose that individual specimens discussed herein can be placed indifferent families only because
of differences in this a character. This concerns also an allotropiophylloid versus zaphrentoid
arrangement of major septa in the neanic stage appearing with no obvious dependence on the
location of a cardinal septum and mature morphology of specimens.

Remarks. — The great variability described makes the species discussed similar in different
characters to different species. The holotype and the corallites with the prominent counter septum
differ by this character from all other bradyphylla, but may be compared to individual sections
of some, (e. g., pl. 12:11d) of B. bellicostatum GRABAU, 1928 in this number.

g
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The corallite with the wide axial area and the unelongated counter septum is somewhat
similar to some specimens of B. kamyschnense FomicHEy, 1953, being distinguishable by a differ-
ent n:d ratio and much smaller dimensions. Differences from other species of bradyphylla de-
scribed in this paper are discussed with the latter.

Occurrence. — Locality USNM 701:1, Neal Ranch Formation; 701p:9 +2 of Ross and Ross
(1963) collection, Captank Formation, Uddenites-bearing member; 702g:1, 705¢:1, Gaptank
Formation, undivided.

Bradyphyllum (?) coagmentum sp. n.
(fig. 14:1 —3)

Holotype: Specimen USNM 196747, fig. 14:2a—h.

Type locality: USNM 701 p.

Type horizon: Gaptank Formation, Uddenites-bearing member.

Derivation of the name: 1at. co-agmento — to unite, to cement — after stereoplasmic cementation of septa in corallite
axis.

Material — Six worn specimens with well preserved internal structures. Calices diagenetically
broken or damaged during {ran-poration. Ontogenetically youngest parts of tips lost.

Some features of representative specimens (in mm):

USNM .
cat. nos. N:d ratio Remarks
196747 19:7.0x 5.8 calice floor
’ 19:5.7%x 5.5 beneath calice
' 18:5.2x4.0 carly ephebic stage
196746 18:6.2x 5.8 calice floor
. 18:5.3x 5.1 ephebic stage
196748 18:6.2x6.2 calice floor
” 18:5.9x5.2 ephebic stage

Diagnosis. — Bradyphylloid specimens having n:d ratio 18—19:6.0—6.5 major septa cemen-
ted by stcreoplasm in corallite axis; cardinal septum moderately shortened from early maturity;
counter sepium not elongated.

Description of the holotype. — The corallites is a worn specimen with external surface, major
part of a calice, and a tip abraded. A strong attachment process (fig. 14:2b, c) follows a flattening
of the ontogcnetically youngest portion (fig. 14:2a) located in the convex side of the corallite.

The arrangement of sepla in the neanic stage resembles allotropiophylloid, having the cardinal
septum located on the convex side of the corallite and extended to the axis, where it meets the
counter septum. Middle lines of all major septa arc united zaphrentoidally, but a curvature
of the latter, except for sepia in the cardinal quadrants of the on:ogenetically youngest section
observed, is opposite 10 Zaphrentites HUDSON, 1941, i.e. they are convex towards the cardinal
sepium. Acccleration of septal increase in the counter quadrants is not yet seen. It took place
within approximately 2 mm of further growth, (fig. 14:2d) together with a rearrangement of
septa into a subradial symmetry, I. e., reaching an early ephebic stage. Septa Jost their direct
contact there, but they remained cemented by stereoplasm. The cardinal, counter, and alar
septa are not distinguishable by length (fig. 14:2d, e).

The rature portion of the corallite is characterized by a successive thinning and shortening
of the card'nal septum, located in the indistinct cardinal fossula, bordered by two major septa,
except when a new septum is inserted. Thickening of septa is unequal both along them and in
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Fig. 14.
Bradyphyllum coagmentum sp. n. 1. Specimen USNM 196746, Locality USNM 701 p, Gaptank Formation, Uddenites-
bearing member. Transverse sections; a — ephebic stage; b — calice floor having axial rejuvenation (?); ¢ — middle of
calice. All, x 8. 2. Specimen USNM 196747. Holotypz. Locality and horizon as above. Transverse sections; a—c — neanic
stage, d, e — early ephebic stage; f, g — ephebic stage; h — lower part of calice; portions above last tabula shaded.
All, x8.3. Specimen USNM 196748. Locality and horizon as above. Transverse sections; a, b — neanic stage; ¢, d —
ephebic (?) stage. All, x8.

the individual portion (but not quadrants) of the corallite (fig. 14:2f, g). All of them are peri-
pherally widened, some are rhopaloid. Thickening is slightly reduced in the uppermost section,
made just beneath the calice floor (fig. 14:2g). This is also the only section showing a slight
elongation of the counter septum. This character is not seen in the calice, however (fig. 14:2h),
where all septa, except for the shortened cardinal septum, are more or less equal in length.
The minor septa up to this stage are not traceable. o o
Individual variation. — Differences between individual specimens are small in both dimensions
(see table) and morphology. Most specimens possess major septa reaching or almost reaching
their axes, but only occasionally united. Even in the latter case the middle lines of them are
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separated. Only a single specimen (fig. 14:3a—d) is different in this respect, possessing major
septa truly united by their middle lines up to the calice floor. The arrangement of septa in this
specimen may be considered juvenile, and it thus has been included in this species. More or less
thickened major septa and the cardinal septum variable in length but always shortened, are other
small differences. The minor septa may be absent up to the lower part of a calice or may in this
and in the middle part of a calice be seen as small but distinct knobs on the inner surface of the
external wall. Only a single specimen shows these knobs as present in the uppermost section
beneath the calice.

Remarks. — The described species disagrees with the generic diagnosis as far as morphology
of corallite axes are concerned. Lack of an open axial area may be compared to typical represen-
tatives of Rotiphyllum HupsoN, 1942. However, the latter genus shows elongation of a counter
septum, very late and slight shortening or no shorteningof a cardinal septum, and peculiar
growth of major septa, discussed above in remarks on the genus Bradyphyllum GraBau, 1928.
None of these characters are observed in B. (?) coagmentum sp. n.

The arrangement of septa in the mature portions of specimens of this species, the ontogeny
and the variable position of the cardinal septum, which may be located on the convex, concave
or lateral side of a corallite, are closely comparable to those of B. counterseptatum sp. n. The
latter differs from B. (?) coagmentum sp. n. in having a well-elongated counter septum and in
the development of a more or less wide, free axial area. B. postwannensis sp. n., another species
of similar morphology and development, differs from B. (?) coagmentum sp. n. in developing
a typical, bradyphylloid free axial area and in slightly different dimensions. Such a close com-
parison to other species assigned herein to Bradyphyllum, as well as the fact that the major septa
are mainly cemented to each other by stereoplasm, i. €. by a secondary sheet of calcium carbonate
secretion, make the species discussed related to them rather than to any other species. It thus
has been decided to place the species discussed questionably within Bradyphyllum GRABAU,
1928.

Occurrence. — USNM Loc 701p:6 Gaptank Formation, Uddenites-bearing member.

Bradyphyllum sp. 1
(fig. 15:1a-d)

Material. — A single specimen USNM 196749 having well preserved internal structure
and the lowermost part of the calice and neanic portion present. N:d ratio at calice floor 23:
9.5x 8.7, septal formula $ Z; in early ephebic stage n:d ratio 21:6.0, septal formula £ $.

Description. — The ceratoid corallite bears distinct septal furrows on its moderately thick-
ened external wall. Morphology of the neanic portion with n:d ratio 16:3.0x2.8 and septal
formula % % is zaphrentoid, with the cardinal and the counter septum directly united to form
an axial septum and with other major septa in contact (fig. 15:1a). Septal increase is slow and
the late neanic stage possesses n:d ratio 17:4.8 4.5, and septal formula % %. In the latter
stage, almost all septa lose their direct contact, without forming a distinct allotropiophylloid
arrangement, however (fig. 15:1b). The counter septum is a little longer than the neighbouring
major septa. The slightly shortened cardinal septum is located in a distinct, open cardinal fossula.
Alar pseudofossulae are well developed.

The morphology of the mature portion of the corallite differs slightly from section to section
(fig. 15:1c—g). The major septa are arranged radially, but more regularly so in the ontogenetically
younger sections (fig. 15:1c—e). Their tendency to become rhopaloid is stressed on surfaces
of the tabulae. This is especially well seen in a section made through tabulae, where axial ends
of septa in the subtabular region are distinctly thinner than portions of them cut on a tabular
level (fig. 15:1e, left and 15:1g, left). The cardinal septum, almost unshortened in early maturity,
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Fig. 15.
Bradyphyllum sp. 1. Specim=n USNM 196749. Locality USNM 701 p, Gaptank Formation, Uddenites bearing member.
Transverse sections; a — neanic stage; b — late ncanic stage; ¢ — ephebic stage; d — lowermost part of calice. Portions
above last tabula shaded. All, x 10,

became moderately shortened upperwards (fig. 15:1g) and distinctly shortened above the calice
floor. The counter septum may be a little longer than the ne‘ghbouring major septa, (fig. 15:
c—e, g) but it does not dominate. The cardinal iabular fossula is well marked by sections of
tabulae arching above the axial end of the cardinal septum. The septal cardinal fossula, invariably
bordered by two major septa, is inconspicuous. The minor septa are not seen either in the corallite
lumen or in the fine structure of the external wall up to the middle part of growth of the corallite,
but their furrows are as distinct as those of the major septa.
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Remarks. — The specimen described shows some characters either infermediate between
species of Bradyphyllum described in this paper, or typical for some of them. The late and in-
distinct shortening of the cardinal septum, located in the open cardinal fossula, and fairly wide
free axial area may well be compared to B. counterseptatum sp. n., but the unelongated counter
septum, larger dimensions, and the acceleration of septal increase in the counter quadrants
are in disagreement with the diagnosis of the latter. All these characters bring the specimen
discussed close to B. postwannense sp. n. The closed cardinal fossula with the distinctly shortened
cardinal septum, the more regularly radial arrangement of septa, much more advanced under-
development of the minor septa, and the allotropiophylloid stage in ontogeny are differences
from the latter. It may be possible that the specimen described forms an extreme morphology
of B. postwannense sp. n. and may be eventually placed within it when intermediate forms are
found.

Occurrence. — Loc. USNM 70Ip:l, Gaptank Formation, Uddenites-bearing member.

Bradyphyllum sp. 2
(fig. 16:1a-d; pl. 5:1a-c; pl. 6:2)

Material. — A single, almost complete corallite USNM 196750 having the internal structure
partly silicified. N:d ratio at the calice margin 17:7-3.

Description, — The ceratoid corallite was 16.7 mm long when measured along the convex,
1. e. the counter septum side. The external wall, 0.5—0.7 mm thick, bears distinct furrows of

Fig. 16.
Bradyphyllum sp. 2. Specimen USNM 196750. Locality USNM 728¢, Lower Bone Spring Formation. Transverse sections;
a—c — late neanic to early ephebic stage; d — ephebic stage. All, x 8.

major and minor septa, although the latter are totally absent inside the corallite lumen and
in the microstructure of the external wall. Their very weak foundations can be seen in some loculi
of the partly preserved margin of the calice.

The calice (pl. 6:2) is 7.7 mm deep when measured to its 2.5 mm wide free axial area and
1.5—2 mm deeper around its periphery. The cardinal tabular fossula forms an additional
depression, which is only slightly marked on the marginal part of the frec axial area. The major
septa increase their length regularly, starting from the peripheral foundations, which are of the
same thickness as the remaining parcs of the septa, and ending at the border between the flat
and dipping portions of the tabula. Such an arrangement may suggest a presence of an aulos,
but in fact it results from the shape of the tabulae and the non-amplexoid character of the septa,
which cross dipping parts of the tabulae, but stop their growth at the boundary of flat portions
of the latter. The counter septum is slightly elongated over that flat area. The cardinal septum
is clearly shortened and locaicd in a triangular cardinal septal fossula. Also, the last pair of
major septa of the cardinal quadrants are slightly underdeveloped (pl. 6:2).
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Morphology in the transverse sections of the mature portion of the corallite (fig. 16:1c,
d; pl. 5:1¢) confirms observations made in the calice and demonstrates a permanent increase
of septa and their acceleration inthe counter quadrants. The earliest growth stage is typically
zaphrentoid with the cardinal septum elongated so as to meet the counter septum. Also, the
illustrated portion of the neanic stage (fig. 16:1a; pl. 5:1a) shows zaphrentoid morphology
with the counter septum better developed than the adjacent major septa and with one or both
alar septa slightly elongated. Such morphology can hardly be called calophylloid, however.
There is no true aulos developed on this portion of growth either.

Remarks. — The slightly elongated counter septum in younger ontogenetic stages and the
open cardinal fossula are characteristics which link the morphology of the corallite discussed
to B. counterseptatum sp. n. Its main differences are: slightly amplexoid character of the counter
septum, which is equal to the adjacent major septa in maturity; different n:d ratio; more
regularly zaphrentoid arrangement of major septa in early growth stages and their much thinner
peripheral portions.

Open cardinal fossula, a better elongated counter septum in early growth stage and its slightly
amplexoid character in maturity, smaller dimensions and different n:d ratio are characters
distinguishing the specimen discussed from B. postwannense sp. n. Other species of Bradyphyllum
GrABAU, 1928 are less similar and need not be discussed.

Occurrence. — USNM 728e: 1, Lower Bone Spring Formation, Upper Wolfcampian.

Genus Lytvolasma SOSHKINA, 1925

Type species: L. asymmetrica, SOSHKINA, 1925

Synonyms: e. p. Actinophrentis IvANovskI, 1967
e. p. Allotropiophyllum FoMicHEv, 1953 non Grapau, 1928
e. p. Bradyphyllum FoMmicHEv, 1953 non GraBau, 1928
? Bradyphyllum FLUGEL, 1973 non GraBau, 1928
? Zaphrentites Xu, 1980 non HuDson, 1941
e. p. Parastereophrentis HiLL, 1981
Non Lytvolasma DosroLiuBova, 1936, FLUGEL, 1973; Wu, 1975; Guo, 1980

Species assigned: L. asymmetrica SOSHKINA, 1925, e. p. Allotropiophyllum irregulare FOMICHEV, 1953, . p. Actino-
phrentis nikitovkensis var. nana FOMICHEv, 1953, e. p. Bradyphyllum caninoideum FOMICHEV, 1953 non HUANG, 1932,
Parastereophrentis virgata FoMICHEV, 1953. 7 Zaphrentites constrictus Xu, 1980, L. aucta sp. n.

Geographic and stratigraphic range: USSR, Ural Mts, Lower Permian, Artinskian, Donets Basin Upper Carboniferous

g—Cg; USA, Texas, Gaptank Formation, Uddenites-bearing member.

Emended diagnosis. — Small solitary corals without dissepimentarium; deep, key-hole
cardinal fossula often bordered by half-aulos in counter quadrants; cardinal septum shortened
late in ontogeny; counter septum slightly elongated; arrangement of major septa semi-radial;
calices deeper in cardinal quadrants; minor septa very short; microstructure of septa trabecular.

Remarks. — The type species of Lytvolasma is represented by a single, incomplete specimen.
No topotype material has even been described. The type is a worn specimen, thus its part
filled in with strange fabric (text-fig. 2, left side) is interpreted here as diagenetically damaged,
but not as being sectioned above the calice floor. The section discussed represents the ontogenet-
ically oldest retained part. It can be interpreted as mature, but not the latest growth of the coral.
The section is slightly oblique, which results in asymmetry of its morphology. Almost two thirds
of the corallite (right side of the picture) was sectioned just above or on a surface of a tabula
and one third in a subtabular region (left side of the picture). Better orientation of the section
might have resulted in increase of symmetry, but not in change of length of septa, which obvio-
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usly stay short of the corallite axis. One of the here described specimens (fig. 17:4a—c) demon-
strated a similar situation.

The ontogenetically younger section of the holotype of the type species represents the early
ephebic stage. A bradyphylloid morphology, similar to this can rarely be observed in post-neanic
portions of growth of American corals described in this paper (figs. 17:4b, ¢; 18:1¢c—f) and has
not been observed in the Donets Basin corals included herein in Lytvolasma.

The existing fragment of the type specimen of L. asymmetrica SOSHKINA, 1925 is too incomplete
either for certain generic recognition or for establishing a final generic diagnosis. On the other
hand, however, it exhibits a set of characters allowing its fairly close comparison to other spe-
cimens, although without full confidence. The radial arrangement and the lack of domination
of any septa in early ontogeny (SosHKINA 1925, Pl. 1, Fig. 1b) contrasts with comparable growth
stages of the corals discussed here, but this may be only an individual character of this particular
section, not a feature of the whole growth stage. In such a situation I decided to acknowledge
SosukINA’s (1925) genus, supporting its emendation with data provided by the Texas corals
described here and by the Donets Basin specimens briefly re-examined. Such an emended genus
Lytvolasma has rather weak status, and a close examination of good topolypes may demonstrate
the necessity of a different solution, i. e. separation of the Texas and the Donets Basin specimens
into a new genus.

The name Lytvolasma has been used in the literature several umes for descriptive purposes,
but all these instances seem incorrect to me. DOBROLIUBOVA (1936) described Lytvolasma sp.
No. 1 and No. 2 from the Lower Permian of the Ural Mts. Re-examination of these specimens
demonstrated that Lytvolasma sp. No. 1 exhibits all the characters of Ufimia. Lytvolasma sp.
No. 2 does not differ from Meniscophyllum aff. minutum SimpsonN of DoOBROLIUBOVA, 1936.
Both these specimens show an allotropiophylloid neanic stage and major septa permanently
united near the corallite axes. They are here considered a single species and included in Eury-
phyllum HiLL, 1938. Lytvolasma (?) sp. cf L. geinitzi (TOULA, 1875) of FLUGEL (1973) was revised
and included in Tachylasma rhizoides SOSHKINA, 1925 (FEDOROWSKI 1982: 77, 78). The specimens
included in Lytvolasma by Wu (1975) and Guo (1980) do not belong to that genus, but some of
them may belong to Euryphyllum.

Several specimens attributed by FoMicHEV (1953) to different genera and species (pl. 2:5;
pl. 5:5; pl. 7:9, 11(?)) exibit morphology closely similar, and in my opinion related to Lytvolasma.
From the specimens described by that author as Actinophrentis, a single, illustrated corallite
(Fomicrev 1953, pl. 2:5) is considered conspecific with L. aucta sp. n. Other specimens of this
genus either do not show characteristics of Lytvolasma or their state of preservation is inade-
quate for revision. Similarity of Lytvolasma asymmetrica SOSHKINA, 1925 to the type specimen
of Actinophrentis donetziana FOMICHEV, 1953 chosen the type species of the genus by IVANOVSKI
(1967), has already been pointed out by FomicHev (1953:73, 74). Shortening of the major septa
in the early ontogeny of Lytvolasma was, according to him, the only difference beiween the two
species in question, i. e. between the genera discussed. Additional important differences between
these two genera are: different shape of the cardinal fossulae, narrowing axially in 4. donetziana
on all existing sections of its holotype, and lack of a half phyllotheca, which is caused by the
different arrangement of the major septa, pinnate in all quadrants of Actinophrentis. A possible
synonymy of Actinophrentis with Euryphyllum HiLL, 1937, postulated by Fomichev (1953:72)
is not accepted here, because of the clearly elongated counter septum in the holotype of Actino-
phrentis donetziana. It seems possible, however that some paratypes of it may be identified
with that genus.

Hirr (1981: F310) considered Lytvolasma a possible junior synonym of Bradyphyllum GRra-
BAU, 1928. This may be one possible solution. The latter genus exhibits several trends of develop-
ment (see remarks on Bradyphyllum), and Lytvolasma may be recognized as one of them. There
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are also species or specimens assigned to Bradyphyllum (e. g. B. bellicostatum GRABAU, 1928
of Fomicrev 1953, Pl. 5, fig. 2a—g; B. postwannense sp. n.) that are close to Lytvolasma, as
well a such species (B. caninoides FOMICHEV, 1953 non HUANG, 1932) that were transferred here to
Lytvolasma. With all these transition forms and similarity in several characters, Lytvolasma is
not regarded here as a junior synonym of Bradyphyllum. Such characters of it as a key-hole
fossula, opened towards a corallite axis, commonly rounded by a half-aulos, a pseudoradial
symmetry resulting from a permanent increase of major septa during the entire ontogeny, and
calices deeper in cardinal quadrants seem adequate for distinguishing these two genera. Secondly
I agree with WEYER’s (1975:765) opinion that Bradyphyllum itself should be considered as
amplexoid endings of polyphyletic lines occurring several times within the Hapsiphyllidae.
Admittedly, Bradyphyllum is a well established genus as far as its type species B. bellicostatum
GRraABAU, 1928 is concerned, but one cannot be sure of the relation of the latter to other species
assigned to this genus. The bradyphylla here discussed are obviously more closcly related to
Lytvolasma aucta sp. n. than to B. bellicostatum GRABAU, 1928, but with all data available,
I cannot exclude relationship of them also to the latter. A similar situation may be observed
also in the case of some other species of bradyphylloid morphology, which forces me to use
this generic name, but with the restriction discussed.

Lytvolasma SOSHKINA, 1925, as used in this paper, exhibits some similarity to Allotropio-
phyllum GraBAu, 1928, Euryphyllum HiLL, 1928 and Allotropiochisma FEDOROWSKI, 1982,
It is readily distinguishable from the first genus mentioned by having the counter septum and
the alar septa elongated in the carly growth stage, a slightly but permanently elongated counter
septum at maturity, the cardinal septum shortened late in ontogeny, and the calice floor deeper
in the cardinal quadrants. The holotype of Allotropiochisma longiseptata (FLUGEL 1973) is
pretty far from Lytvolasma, representing a line of development parallel or related (?) to Allo-
tropiophyllum. The narrow cardinal fossula, the lack of elongation of the counter septum, the
“biform reduction” of minor septa, and the biform peripheral-most tabularium easily distinguish
it from Lytvolasma.

However, some specimens included herein in L. aucta sp. n. exhibit an incipient stage of
“biform reduction” of the minor septa (fig. 18:1b—f, 2a, b). These specimens suggest that
“Bradyphyllum™ breviseptatum FLUGEL, 1973 reillustrated in this paper (fig. 3:4a, b) is either
a member of Lytvolasma or a species between this genus, the genus Allotropiochisma, and the
representatives of Euryphyllum described in this paper. It seems doubtful, however, whether
the shape of its cardinal fossula, the elongated counter septum and the formation of the free
axial area — all characters of Lytvolasma — may predominate over the pinnate arrangement
of major septa, the fairly well accentuated “biform reduction” of minor septa and the elongation
of alar septa, which do not occur in typically developed representatives of Lytvolasma.

The morphology of some specimens of L. aucta sp. n. is also close to Alligia subgen. n., and
more precisely to A. (4.) flabellum sp. n. The lack of a free axial area, the pinnate arrangement of
major septa, and the biform peripheral-most tabularium in the former species and subgenus
distinguish also these two taxa on the generic and subfamily level.

Parastereophrentis virgata FOMICHEV, 1953 was chosen by HILL (1981:F316) as type species
of this genus. Such an established genus was in turn included by her in the synonymy of Zaphren-
tites Hupson, 1941. Restudy of the lype material, and especially the morphology of the upper
portion of the holotype of P. virgata, (fig. 25:6) not illustrated by FomichEv (1953), reveals
three main differences from the latter genus: 1) Allotropiophylloid morphology in the early
growth stage, 2) A free axial area, widely opened towards the cardinal fossula, 3) The counter
septum elongated and thickened (fig. 25:6). All these characters fit better with Lytvolasma
in the meaning here accepted. It thus has been proposed to transfer a part of this genus, repre-
sented by its type species, to synonymy with Lytvolasma.
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Lytvolasma aucta sp. n.
(figs. 17:2—4, 18:1—4; 19:1—3, 20; pls. 3:10, 14; 5:3, 4, 6, 8, 9)

e. p. 1953. Actinophrentis nikitovkensis var. nana FomicHEv; V. D. Fomicuev, pl. 2, fiz. 5 only.
Holotvpe: Spscim:n USNM 196751, fig. 17: 2a—j.
Type locality: USNM 701 p.
Type horizon: Gaptank Formation, Uddenites-bsaring member.
Derivation of the name: lat. auctus, a, um — enlarged, elevated — after elevation of calice floor in counter quadrants.

Material. — 15 corallites having well preserved internal structures. Some having more or
less complete calices and apical parts. Several are worn specimens.

Some features of representative specimens (in mm):

USNM . C septum
cat. nos n:d ratio side Remarks
196760 18:7-7 lateral ephebic stage
196757 18x 7.9 concave calice floor
' 18%x6.3 ' ephebic stage
196762 20x 6.8 ’ ephebic stage
" 20% 7.5 . calice floor
196751 20x 8.8 calice floor
196761 20% 9.0 lateral calice floor
" 20x 7.2 » ephebic stage
196755 21x8.1 concave calice floor
196759 22x9.1 convex middle of calice
" 22%x7.8 " ephebic stage

Diagnosis. — Lytvolasma 6—9 mm in diameter having 18—22 major septa frequently more
thickened in counter quadrants; cardinal septum distinctly shortened.

Description of the holotype. — The specimen is conico-cylindrical, slightly concave on the
cardinal side, with an external wall almost completely abraded from septal furrows. The calice,
filled in with matrix, is slightly damaged diagenctically.

In the youngest known stage (fig. 17:2a), 2.4x2.1 mm in diameter, 11 thick major septa
meet with all protosepta near the corallite axis. The metasepta appeared first in the counter
quadrants. About 0.3 mm above section described above, with n:d ratio 13:2.8 X 2.5 and septal
formula 33, all 12 protosepta are long and united near the corallite axis by their middle lines.
Direct connection of the middle lines of all other septa is also observed (fig. 17:2b). The following
portion of growth of the corallite is illustrated by scctions made 4.8 and 6.0 mm above the
previous one, respectively (fig. 17:2¢, d). They show transmission from the zaphrentoid neanic
stage with some clements of allotropiophylloid morphology (fig. 17:2¢) to the arrangement
of sepia typical for the genus. The axial ends of septa remain connected by sclerenchyme, but
their middle lines became separated. Septal formulae are 4|3 and %3 and septal ratios 18:4.9x
x 4.5 and 19:5.6 x 5.1, respectively. The counter septum and the alar septa continue to dominate
a little in length, with the former being the thickest septum of all. The cardinal septum is only
slightly shortened, but it is thinner than other major septa, except for the newly inserted ones.

The mature portion of the corallite, is illustrated by a section made just beneath the calice
floor, except for the cardinal tabular fossula that was sectioned above the last tabula (fig.
17:2¢). The cardinal septum is thin and distinctly shortened. The counter septum is slightly longer
than the neighbouring major septa, but it is not thicker. The arrangement of the major septa is
radial and their thickness is symmetrically reduced from the counter towards the cardinal septum.
Axial ends of the major septa in the cardinal quadrants are bent to the sides, with those of two




Fig. 17.
1. Lytvolasma asymmetrica SOSHKINA, 1925, Specimen 803/146. Holotype. Housed in Paleontological Institute of the Acad.
Sci. USSR, Moscow. Transverse sections; a — early ephebic stage ( = SosHkiNna 1925, pl. 1:1a); b — ephebic stage
( = SosHKINA 1925, pl. 1:1). 2—4. Lytvolasma aucta sp. n. Locality USNM 701 p, Gaptank Formation, Uddenites bearing
member. 2. Specimen USNM 196751. Holotype; a, b — transverse sections, early neanic stage, x 8; ¢, d — transverse
sections, late neanic stage, x 8; e — transverse section, ephebic stage, % 8; { — transverse scction, lower part of calice,
x8; g—j — successive longitudinal sections in cardinal-counter septa plan; cardinal fossula shaded. All x4. 3, Specimen
USNM 196752; a — transverse section, late neanic stage, x 8; b — transverse section, ephebic stage, x 4; c — transverse
section through calice having shallow axial rejuvenation, x4; d, e — successive longitudinal sections perpendicular to
cardinal-counter septa plan, x 4. 4. Specimen USNM 196753, Transverse sections; a — late neanic stage, b, ¢ — ephebic
stage. All, x8.
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Fig. 18.
Lytvolasma auctasp. n. 1. Specimen USNM 196754. Locality USNM 701 p, Gaptank Formation, Uddenites bearing member,
Transverse sections; a — late neanic stage; b — early ephebic stage; c—f — ephebic stage; portions above last tabula
shaded. 2. Specimen USNM 196755, Locality and horizon as above. Transverse sections; a — early ephebic stage; b —
ephebic stage; portions above last tabula shaded. 3. Specimen USNM 196756, Transverse sections; a, b — ephebic stage.
4, Specimen USNM 196757, Locality and horizon as above. Transverse sections; a, b — neanic stage; ¢ — early ephebic
stage; d, e — ephebic stage; portions above last tabula shaded. All. x7.
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Fig. 19.
Lytvolasma aucta sp. n. Locality USNM 701 p, Gaptank Formation, Uddenites bearing member. Transverse sections.
1. Specimen USNM 196758 ; a — early ephebic stage; b, c — ephebic stage; portions above last tabula shaded; d — lower
part of calice; e — middle part of calice. 2. Specimen USNM 196759; a — ephebic stage; b — calice. 3. Specimen USNM
196760. a — late neanicjearly ephebic stage; b — early ephebic stage; ¢, d — ephebic stage. All, x7.
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Fig. 20.
Lytvolasma aucta sp. n. Specimen USNM 196761. Locality USNM 701 p, Gaptank Formation, Uddenites bearing member,
Transverse sections, ephebic stage; portions above last tabula shaded. Both, x 7.

major septa adjacent to the cardinal septum curved most distinctly. Such a morphology of septa
makes the cardinal fossula open towards the free axial area. This is the stage of appearance of
small knobs of the minor septa inside the corallite lumen. In the middle part of the calice (fig.
17:2f) the major septa of the cardinal quadrants are thin and became shortened towards the
cardinal septum. Those of the counter quadrants and the counter septum itself, located beneath
the last tabula, remain thickened.

The longitudinal section, oriented in the cardinal — counter septa plan (fig. 17:2g—j)
was made in the upper part of the corallite between the transverse sections illustrated on fig.
17:2d, 2e. The tabulae observed in the ontogenetically younger part of the section seem to
incline equally towards the septotheca in the cardinal and counter quadrants. The upper part
of the same section corrects such an impression showing a deep depression of the cardinal fossula
and the tabulae of the counter quadrants continuing to elevate. This morphology corresponds
clearly with the transverse sections (fig. 17:2e, f) and proves a very unequal depth of the calice,
which is highly elevated in the counter quadrants, flat or slightly oblique in the axial part, and
deeply deflecting in the cardinal quadrants, with the cardinal tabular fossula additionally de-
pressed.

Individual variation. — The species discussed exhibits considerable variation in almost all
morphological characters, in demensions and in n:d ratio (see table of features and figs. 17—20).
Differences in n:d ratio are independent of morphology and, to some extent, of growth stage.
Some corals with a late neanic morphology may possess more septa than specimens showing
morphology considered as mature.

The holotype and some paratypes (figs. 17:3a—e; 18:2a, b) possess a free axial area that is
moderately well developed. There are also numecrous corallites, whose axial area forms in fact
only a boundary of the axially widened cardinal fossula (figs. 18:3a, b, 4a—e; 19:2a, b, 3a, d;
20). In all these specimens, the half aulos (a term introduced by FEpOROWsKI, 1986) is well
developed in the counter quadrants.

The cardinal tabular fossula may be very deep, being marked by strange fabric infillings,
seen in the transverse sections made some distance below the calice floor (figs. 18:4d, e; 20:1b).
This deep depression may extend to the corallite axis (fig. 18:2b). In other specimens, the cardinal
fossula may be comparatively shallow (fig. 19:2a, 3c, d) or moderately deep.
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"The cardinal septum is always shortened. Small differences in its length are not important.
The counter septum, always a lictle longer and/or thicker than other major septa in the late
neanic/early ephebic stage, may be equal to them in the calice (fig. 17:3c¢).

In some specimens this elongation may be seen clearly also in the ephebic stage (figs. 18:
4c—e; 19:3b—d), in others it is hardly recognizable in that stage (figs. 18:1d, f, 2b; 19:1a—e)

Stereoplasmic thickenings of the major septa decrease regularly from the counter towards
the cardinal septum (figs. 18:2a, c; 19:1a—e, 3b—d). There are corallites, however, with major
septa of all quadrants almost equally thickened. This thickening may either be slight (figs.
18:3a, b; 19:2a, b), moderate (fig. 18:1c—f) or strong (fig. 20:1a, b). Asymmetrical thickening
is sporadically observed (fig. 17:4b, c).

Differences in development of the minor septa are large. They do not occur in the corallite
lumens up to the early ephebic stage. In some specimens they are not seen (figs. 18:4c—e;
20:1a, b) or are weakly marked (fig. 19:1d—e) also in calices, while in the other ones their
development is fairly differentiated. The allotropiophylloid arrangement of septa may often
be not recognizable, being replaced by a more radial (fig. 19:3a, b, pl. 5:3a—c) or irregular
arrangement, with a free axial area opened early in ontogeny (fig. 18:1a, b). A slight elongation
of the counter septum and the alar septa is invariably present in this stage of growth, as well
as the long cardnal septum. Similar differentiation in ontogeny has also been observed in species
assigned in thisi paper to Bradyphyllum GrABAU, 1928. The taxonomic rank or value of this
character for thse group of specimens discussed was left open by the recent level of knowledge.
It has been temporarily accepted as expressing individual variation to the extent identical with
any other morphological character. Further investigation may show its virtual value for taxo-
nomy, however. The latter is true also for a wide individual variation of other characters discussed
above. At least some of them may eventually appear to be adequate for specific separation.

Remarks. — A comparison of morphology of L. aucta sp. n. and L. asymmetrica SOSHKINA,
1925 is difficult because of the incompletness of the latter. The nearly radial arrangement of
septa in the ontogenetically youngest known section of the holotype of L. asymmetrica (SOSHKI-
NA, 1925, pl. 1:1b) and the early appearance of the free axial area in this specimen (fig. 17:12)
seem to be most important differences when compared to L. aucta sp. n. However lack of the
uppermost portion of the holotype of L. asymmetrica reduced comparison to the late neanic
and early ephebic stage of both species in question.

Among species described by FomicHgv (1953) as possessing morphology similar to Lytvo-
lasma, a single specimen of Actinophrentis nikitovkensis nana FoMicsEv, 1953 (pl. 2:5) from the
Upper Gshelian of the Donets Basin was here included with some restriction in L. aucta sp. n.
These restictions were caused by some geographic isolation of both areas of occurrence and
by a lack of information about the ontogeny of the Donets Basin specimen. The morphology
of its illurstrated portion exhibits a striking similarity to the specimens here described.

A great similarity to L. aucta sp. n. is seen in some specimens of Allotropiophyllum irregulare
Fomicrev, 1953 (e. g. pl. 7:9.11). They are geologically older (Upper Moscovian) than any
of the so far known specimens of lytvolasmid morphology and show different n:d ratio, with
larger number of septa. One of them (Fomicugv 1953 pl. 7:11) passes through a bradyphylloid
morphology on some parts of its growth.

Bradyphyllum caninoides FOMICHEV, 1953 (e. g. pl. 5:5), non HUANG, 1932 shows some, but
not so distinct similarity to Lytvolasma. Early appearance of a free axial area brings this specimen
close to L. asymmetrica, but the arrangement of septa in cardinal quadrants, gradually shortened
towards the cardinal septum distinguish it from other specimens of Lytvolasma and makes its
assignment to this genus a little doubtful.

A group of species assigned here to Bradyphyllum GrABAU, 1928, and especially B. (?)
coagmentum sp. n. and B. postwannense sp. n., is morphologically closest and, in my opinion,
most closely related to Lytvolasma, and L. aucta sp. n. in particular. They differ mainly or exclu-

5 — Palaeontologia Polonica 48
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sively in the morphology of the ephebic stage and especially in the structure of the cardinal
fossula and its relation to a free axial area (if present); in morphology of the calice floors and in
lesser degree in the arrangement of the major septa. Mature portions of specimens of this group
are morphologically closest to early ephebic stages of L. aucta sp. n.

Occurrence. — Loc. USNM 701p:15 Gaptank Formation, Uddenites-bearing member.

? Lytvolasma sp.
(fig. 21a—d; pls. 5:7a, b, 8:1)

Material. — A single, almost complete, partly silicified corallite No. USNM 196763 having
n:d ratio at the calice margin 19:6.5.

Fig. 21.
? Lytvolasma sp. Specimen USNM 196763, Locality USNM 728e, Lower Bone Spring Formation; a, b — transverse
sections, neanic stage; ¢, d — transverse sections, ephebic stage. All, x 10,

Description. — The corallite was 15.5 mm long, ceratoid, with the cardinal septum located
on its concave side and with the surface of the attachment moderately well developed near the
apex. The external wall, measuring 0.5—0.8 mm bears delicate, shallow septal furrows. The
almost complete, well-preserved calice (pl. 8:1) is 6 mm deep when measured in the free axial
area. Its morphology is altered by a commensal (?) tube crossing one of the cardinal quadrants
and being overgrown by some major septa, including the slightly shortened cardinal septum.
The arrangement of the major septa is irregularly radial with no one dominating. They are
all thin and short, extending from the external wall towards the centre for approximately 1 mm.
Their lower inner ends stop short of the calice axis, reaching a wide, flat part of the last tabula.
The peripheral portion of that tabula dips steeply to reach the external wall approximately 2.5mm
lower down. The cardinal tabular fossula is not recognizable in the calice. In most loculi, the
minor septa are absent but their foundations are developed along the marginal part of the calice
and also in four or five septal loculi in its middle part. There are no minor septa present near
the calice floor and beneath it.

The early growth stage is irregularly zaphrentoid. The middle lines of the major septa do not
form any easily recognizable quadrants. Those of the cardinal and counter septa, united directly
at the beg'nning (fig. 21:1a), became separated soon after (fig. 21:1b). An underdevelopment of
the counter-lateral major septa, seen in the latter section, can also be recognized in the sections
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of the mature portion of growth (figs. 21:1¢, d). The minor septa are not developed either inside
the corallite or in the external wall, but their furrows from the neanic stage are present.

From two sections of the mature portion of growth, the ontogenetically younger one is more
typically lytvolasmid because of the shape of the cardinal fossula, the inner part of which widens
axially in spite of the presence of the stereocolumn. In the section made just beneath the lower-
most portion of the calice floor the stereocolumn is almost completely absent. Its remanents
connect the inner, rhopaloid ends of some major septa, including the elongated counter septum,
to form a kind of fragmentary aulos around a part of the free axial area. The cardinal septum is
distinctly shortened. The presence of the cardinal fossula is marked by the position and shape
of sections of peripheral parts of tabulae, but it may not form any kind of depression in the
paraxial part of the corallite, because the cross section of the most central tabula is straight
(fig. 21:1d). There are no minor septa in the corallite lumen, but they were probably present
inside of the external wall. The latter is mostly silicified at present and its structure is not clear.

Remarks. — The specimen discussed was described for two reasons as an example for a sym-
biosis (?) (this topic will be discussed in more detail separately) aad as being similar to both
Lytvolasma SosukINA, 1925 and Bradyphyllum GraBau, 1928. Such a similarity, although
striking, is interpreted in this paper as resulting from a close relation, but not as synonymy (see
discussion to the mentioned genera). The species discussed is especially similar to Bradyphyllum
counterseptatum sp. n. (e. g. fig. 12:1a—h). It should be pointed out, however, that the latter
species also differs in some important details from the type species of the genus.

The similarity of the specimen discussed is, nevertheless, closer to Lytvolasma SOSHKINA,
1925 and especially to L. aucta sp. n. from which it differs in not having minor septa developed
inside the corallite lumen, in a more rhopaloid character of the major septa, in a shallower
cardinal tabular fossula in the middle part of growth and its absence on the calice floor in ma-
turity.

Occurrence.

USNM 728e:1, Lower Bone Spring Formation, Upper Wolfcampian,

Genus Monophyllum FoMIcHEvV, 1953
Type species: M. sokolovi FOMICHEV, 1953

Synonym: e. p. Stereolasma FoMicHEv, 1953 non SiMpsoN, 1900.

Species assigned: M. sokolovi FomicHEv, 1953; ? M. parvum FoMicHEv, 1953; M. cassum sp. n.

Geographic and stratigraphic range: USRR, Donets Basin, Moscovian; USA, Texas, Gaptank Formation, Uddenites-
bearing member to Upper Wolfcampian.

Diagnosis. — Small solitary corals without dissepimentarium; major septa radially arranged,
in maturity may withdraw a little from corallite axis; cardinal septum shortened from early
maturity; counter septum permanently elongated to corallite axis; alar septa slightly elongated
at least in some portion of growth; minor septa underdeveloped; tabulae steeply elevated ada-
xially, sagging in axial part; septa trabecular, aseriate.

Remarks. — The genus discussed was univocally included in synonymy with Rotiphyllum
Hupson, 1942 (HiLL 1956, 1981; de GrooT 1963; WEYER 1975). All opinions and remarks
of the authors mentioned were based on the type material. No other fauna of monophylloid
morphology has been described until this paper. The combination of characters shown by
M. sokolovi FoMicHEV, 1953 (compare also fig. 22:1 in this paper) and by the specimens here
described and assigned to this genus, permits consideration of it as a genus very close to Roti-
phyllum and Actinophrentis FoMicHev, 1953, which has been pointed out by authors through
the various combinations of synonymy. Its close relation to Bradyphyllum has not yet been
discussed. The following differences made me consider it an independent taxonomic unit:

1. It differs from Rotiphyllum in three important, qualitative characters: a) The strong
§o
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counter septum, permanently reaching a corallite axis, present there also on a calice floor, where
it may form an incipient columella; b) The cardinal septum shortened not only on a calice wall
as in Rotiphyllum, but also on its floor; this is documented by a shortening of the cardinal septum
in the subtabular regions of the mature portions of the corallites; c) The triangular shape of
at least peripheral parts of the cardinal fossula at maturity. None of the characters listed can
be attributed either to the type specimen of Rotiphyllum rushianum (VAUGHAN 1908) or to those
species of Rotiphyllum that can unambiguously be compared to it.

2. Monophyllum differs from Bradyphyllum by a single character only — the permanently
elongated counter sepium, reaching a corallite axis and tcnding to foim an incipient columella
in a calice. Like most of the genera included in Antiphyllinae (ILina 1970), Monophyllum
developed a tendency to form an axial area free of septa. Even then, however, a counter septum
1emains elongated, which is not the case in Bradyphyllum. It may be disputable whether such
a single character is adequate for generic or only subgeneric distinction. At any rate, it has to
be evaluated higher than specific rank.

3. Two ma'‘n characters distinguish Monophyllum from Actinophrentis FOMICHEV, 1953: a)
The pinnate arrangement of the major septa lasting up to a calice floor in Actinophrentis versus
radial arrangement of septa in the mature portions of Monophyllum,; b) Lack of tendency in
Actinophrentis to form a free axial area. Small open’ngs observed in this area in the type specimen
of A. donetziana FOMICHEvV, 1953 and in the specimens here described are rather local disconnec-
tions of the stereoplasmic column than true free areas. The two characters mentioned bring
Actinophrentis close to Allotropiochisma FEDOROWSKI, 1982, which is discussed in remarks
on the former genus. The characters listed may be unimportant for generic distinction, because
at least American species of Monophyllum pass in their ontogeny a stage of morphology similar
to Actinophrentis. Such an argument may only indicate a close relationship of given taxa, not
their synonymy, however.

De Groot (1963), following HiLL (1956), regarded Stereolasma FOMICHEV, 1953 non SIMPSON,
1900 and Monophyllum FoMiceEv, 1953 as synonyms of Rotiphyllum HUDsON, 1942. Such an
opinion makes synonyms of the former two genera automatically. I can only in part follow this
opinion. It may be true for a single specimen of “Stereolasma” grande FOMICHEV, 1953, illustrated
by that author on pl. 4, figs. 2a—e, but not for the holotype of this species. The latter may
represent a peculiar species of Barytichisma MOORE and JEFFORDs, 1945. “S”. monophylloides
FomichEv, 1953 is closer to the holotype of Actinophrentis donetziana FoMICcHEV, 1953 than
any other species described by FoMicHEv (1953). The same may be true for “S”. gapeevi lopho-
phylloides FoMicHEvY, 1953, All these species, as well as the others of similar morphollogy, need
careful revision based on the existing, but not fully considered, specimens in FOMICHEV’s (1953)
type collection. They are only provisionally included in the genera here discussed in order to
pay more attention to possible solutions other than presented so far by authors.

There exists also a not yet mentioned question of similarity of Monophyllum FOMICHEYV,
1953 to Lophophyllidium GrRABAU, 1928. As in several other instances, the differences between
the type species of both genera are fully adequate for distinction on the generic or family level.
Some species of Lophophyliidium, however, showing radial symmetry of thick, long, equal major
septa and simple monoseptal columella, may be mixed with Monophyllum. Early ontogeny is
in such a case the best distinguishing criterion. Comparatively late elongation and weak domina-
tion of a counter septum in this stage, accompanied by elongation of alar septa, characteristic
for Monophyllum may best help in this distinction. Differentiation of length of major septa,
commonly observed in mature portions of Lophophyllidium, may be also helpful, if its most
characteristic feature: a compound, distinct columella does not occur. ’
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Monophyllum cassum sp. n.
(figs. 22:2—5, 23; pls. 5:5, 11, 12; 6:6, 11)

Holotype: Spezim=n USNM 196767, fig. 23: 1a—f; pl. 5:12.

Type locality: USNM 702t.

Type horizon: Neal Ranch Formation.

Derivation of the name: lat. cassus, a, um — empty — after formation of small axial area free of septa.

Material. — Seven corallites having fairly well preserved internal structure, but without
tips and upper portions of calices or without calices. Four specimens have the cardinal septum
on the convex, two on the concave side. In the case of the Ross and Ross (1963) corallite this
position was not established.

Some features of representative corallites (in mm):

USNM d . Septal Position "
cat. nos. N:d ratio formula of C sep. Remarks
196767 22:9.3 5|7 convex calice floor
33
" 22:8.5 » just beneath calice
" 20:6.3 5|5 early ephebic stage
3|3
196768 21:7.2 5|6 concave calice floor
313
196765 18:6.7 5(5 convex middle of calice
22
» 18:5.4 " calice floor
196766 18:6.4 » concave just beneath calice
" 16:4.7 4/4 early ephebic stage
22

Diagnosis. — Monophyllum having maximum n:d ratio 22:9.5; major septa form small
free axial area occupied only be elongated counter septum; cardinal septum moderately short-
ened.

Description of the holotype. — The specimen was 20 mm long on its convex side. Well preserv-
ed parts of the thick external wall bear distinct furrows of the major and minor septa. In spite
of the presence of furrows of the latter, they are distinguishable in the structure of the external
wall only starting from the early ephebic stage.

The calice floor documents domination of the counter septum that is rhopaloidally thickened
axially, but does not form an upstanding columella. The cardinal fossula is narrow, open,
bordered by two major septa. The thin cardinal septum reaches approximately 1/2 the length
of the fossula. The minor septa are distinct due to the reduction in thickness of the external
wall to approximately one half of this below the calice.

The morphology beneath the calice (fig. 23:1d—f) does not differ from that seen on its
floor. Only the symmetry changes from radial to pseudoradial and then pinnate when going
down towards the successively younger part of the corallite. The pinnate arrangement of septa
seen in the early ephebic stage is accompanied by slightly less accentuated domination of the
counter septum. Slight underdevelopment of a single alar septum, clearly seen on this section
(fig. 23:1c, right side) is noteworthy.

The morphology of the early part of growth of the specimen discussed (fig. 23:1a, b) was
disturbed by a commensal organism. A weak accentuation of elongation of the counter septum
and early disconnection of the major septa are observed also in the undisturbed paratypes
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Fig. 22.
1. Monophyllum sokolovi FomicHEv, 1953, Specimen 506 b. Holotype. Middle Moscovian, Limestone L,. Housed in VSEGEI
Museum. Leningrad. Transverse section, early ephebic stage. 2—5. — Monophyllum cassum sp. n. Locality USNM 701 p,
Gaptank Formation, Uddenites-bearing member. Transverse sections. 2. Specimen USNM 196764; a — early ephebic
stage; b — ephebicstage; ¢ — ephebicstage having shallow axial rejuvenation. 3. Specimen USNM 196765 ; a—c — ephebic
stage; portions above last tabula shaded; d — middle of calice. 4. Specimen USNM 139778. Sections not illustrated by
Ross and Ross, 1963, except for fig. 22:4b = pl. 50:4 of those authors; a — late neanic stage; b, ¢ — ephebic stage.
5. Specimen USNM 196766; a — neanic stage; b — ephebic stage. All, x8.
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Flig. 23.
monophyllum cassum sp. n. Specimen USNM 196767. Holotype. Locality USNM 701t, Neal Ranch Formation. Transverse
sections; a, b — neanic stage; ¢ — early ephebic stage; d—f — ephebic stage. All, x 8.

(fig. 22:3a, b, 5b; pl. 5:5b) and should thus be considered typical for this species but not for
the genus. The growth stage discussed is characterized also by pinnate arrangement of the major
septa, slight but obvious elongation of the alar septa and the long cardinal septum that was united
with the counter septum during the early neanic stage (fig. 23:1a) and remained long for some
portion of growth of the corallite after disconnection of the major septa (fig. 23:1b).

Individual variation. — The collection studied is small and illustrates only some aspects of
variation. Most important is a trend of development leading towards Bradyphyllum GRABAU,
1928 or, strictly speaking, towards B. counterseptatum sp. n. It is characterized by having domin-
ation of the counter septum and its elongation late in ontogeny slightly weaker than in the
holotype (fig. 22:3a—d, 5b; pl. 5:b). In some early mature sections it may be almost equal
to major septa (fig. 22:4b). The main difference between these corallites and any specimens
identifiable as Bradyphyllum is a constant and clear elongation of the counter septum in the
mature portion of growth of specimens, well accentuated on the calice floor and also above it
(figs. 22:3¢, d). i

Small differences in number, thickness, leng'h, and arrangement of the major septa, length
of the cardinal septum that is shortened to a different extent in individual specimens, more Oy
less widely open cardinal fossula, etc., are of very minor importance for taxonomy. A single
specimen (fig. 22:2¢; pl. 5:11b) forms a kind of axial tube that did not cause shortening of the
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counter septum. This may either be a steeply elevated, thickened tabula, or an initial stage of
an unsuccessful axial rejuvenation, having again no taxonomic value.

Remarks. — The species discussed differs from the type species of Monophyllum in the
morphology of the late neanic/early ephebic stage. In contrast to M. sokolovi FomicsEv, 1953,
it shows withdrawing of major septa from the corallite axis and rather weak elongation of the
counter septum in this stage of growth. This can either be interpreted as resulting from more
advanced phylogeny — the type species is Upper Moscovian in age — or from the relation
of the species discussed to Bradyphyllum, Lytvolasma and Actinophrentis described in this paper,
but not to the Donets Basin type. If the second possibility is accepted, all American specimens
here attributed to Monophyllum and to the three genera mentioned may form a group of species
related to the main stock of Antiphyllinae, but only paralle! to the Middle and Upper Carboni-
ferous Euro-Asiatic representatives of these four genera. Although such a solution is probable,
the traditional way of identification in accordance with diagnostic characters is followed in this
paper.

Occurrence. — USNM 701p:4, Gaptank Formation, Uddenites-bearing member; 701:1,
701d:t, 702t:1, Neal Ranch Formation, Lower Wolfcampian.

Monophylium sp.
(fig. 24; pl. 6:7)

Material. — Among five possibly conspecific or related specimens, only one, USNM 196770
is complete enough for detailed description. Its n:d ratio at‘the calice margin is 21:8.

Description. — The ceratoid corallite is 20.5 mm long. Its well preserved external surface
bears shallow, but conspicuous, septal furrows and delicate growth striae (pl. 6:7a, b).

1c

Fig. 24.
Monophyllum sp. Specimen USNM 196768. Locality USNM 728¢, Lower Bone Spring Formation. Transverse sections;
a, b — neanic stage ; commensal worm tubes incorporated ; ¢ — ephebic stage having other corallite in neanic stage attached.
All, x 10,

The calice (pl. 6:7¢) is approximately 7.5 mm deep. Its margin is formed by the hemispherical
foundations of major and minor septa that soon become flattened to form septal blades. Those
of minor septa are continued downwards to approximately 2/3 of depth of the calice, becoming
successively shorter and eventually disappearing in the increasing thickness of the external
wall. The major septa form an inconspicuous intermediate zone beneath which they slope almost
vertically downwards toward the calice floor. Their arrangement is almost exactly radial. This
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results in formation of an open, triangular cardinal fossula and an almost complete absence
of the alar fossulae. The latter may be marked only when a new major septum is inserted (fig.
24:1c¢, right). The shortened cardinal septum and the elongated counter septum form a symmetry
axis. The latter is prominent, but the columella has not been separated from its inner end.

The ontogenetically oldest section, was made approximately 2.5 mm below the highest,
periaxial part of the calice floor, but above the last tabula at its periphery (fig. 24:1c). The
arangement of the major septa is here similar to that observed in the calice, except for the more
evident alar fossulae and slightly less clear radial symmetry in the counter quadrants. Major
septa, especially those in the cardinal quadrants are rhopaloid. The morphology of the counter
septum does not differ from that described above in the calice, but the cardinal septum is longer
here. Minor septa are not yet present either in the corallite lumen or in the structure of the external
wall. In this, and even more so in earlier sections of the corallite, there are several small tubes
of the commensal vorms present. The internal morphology of the corallite and the increase of
major septa is irregular due to this commensalism (fig. 24:1a—c).

Remarks. — The corallite described here differs from M. cassum sp. n. in the rhopaloid
character of the major septa and their more radial symmetry, in the ontogenetically later
increase of the minor septa and in smaller dimensions. M. sokolovi FOMICHEV, 1953 has a different
n:d ratio, more clearly elongated counter septum in early ontogeny (fig. 22:1), and stronger
stereocolumn.

Occurrence, — USNM 728e:5 Lower Bone Spring Formation, Upper Wolfcampian

Genus Falsiamplexus gen. n.

Type species: F. elongatus sp. n.

Synonyms: Amplexus MATHER, 1915; Easton, 1945 e. p.; WORTHEN, 1890 non SOowersy, 1814.

Amplexocarinia MOORE and JEFFORDS, 1945; Ross and Ross, 1962 RoweTrT and SUTHERLAND, 1964; non SOSHKINA, 1928
? Pinacophyllum KOKER, 1924 non FrecH, 1890.

Derivation of the name: lat. falsi — false — after apparent similarity to Amplexus SOWERBY, 1814,

Species assigned: Amplexus geniculatus WORTHEN, 1890; Amplexus corrugatus MATHER, 1915; ? Pinacophyllum jonkeri
KOKER, 1924; Amplexus adnatus EASTON, 1945; ? Amplexus dilatatus EASTON, 1945; Amplexocarinia delicata Ross and
Ross, 1963; F. elongatus sp. n.; F. flexibilis sp. n.; F. reductus sp. n.

Geopraphic and stratigraphic range. — North America, Morrowan to Lower Wolfcampian.

Diagnosis. — Solitary corallites without dissepimentarium; early neanic stage zaphrentoid,
with long cardinal septum; in late neanic stage incomplete aulos may occur; ephebic stage
amplexoid with cardinal tabular fossula present; cardinal septum varies in length; counter
septum commonly longer than other major septa, some of which may be temporary elongated;
minor septa vestricted to external wall; tabulae complete, trapezoid; microstructure of septa
trabecular.

Remarks. — The family status of the genus discussed is not obvious, showing characters
intermediate between Amplexocariniinae SOSHKINA, 1941 and Antiphyllidae Irina, 1970. In
spite of the occurrence of a weak aulos in the late neanic stage, Falsiamplexus gen. n. has been
placed within the latter family. Such an identification was determined mainly by the tendency
of the cardinal septum to vary in length up to the elongation and by the commonly elongated
counter septum. The appearance of a weak aulos was thus evaluated as a character of a rank
lower than the former two. Such an interpretation is subjective and may well be reversed by
other students. Because of this the amplexocariniid genera are here discussed as well.

The appearance of an aulos has already been evaluated by WEYER (1979) as a taxonomically
unimportant character in Ufimia tricyclica SCHINDEWOLF, 1942. However, in the latter case the
aulos may well be interpreted as a simple section of highly elevated tabulae (WEYER 1979, pl.




Fig. 25.
1. ,,Hapsiphyllum” crassiseptatum MooRE and JEFFORDS, 1945 ( = Actinophrentis FOMICHEV, 1953). Specimen KU 57365.
Holotype. Hale Formation, Morrowan, Oklahoma. Housed in Kansas University Museum. Transverse sections; a—neanic
stage; b — ephebic stage; c — lower part of calice. All x 8. 2. ,,Hapsiphyllum” crassiseptatum MoORE and JEFFORDS, 1945
( = Soshkinecphyllum (Empodesma) MOORE and JEFFORDS, 1945). Specimen KU 59711. Paratype (?). (According 10 MOORE
and JEFFORDS, 1945: 129 paratypes were not found.) Depository as above. Transverse sections; a — late neanic stage,
x 8; b —ephebic stage, x4. 3. ,Hapsiphyllum” tumidum MooRe and JEFrForDs, 1945 ( = Lophophyllidium Grasau,
1928 or Monophyilum FomicHEv, 1953). Specimen KU 57364. Paratype. Smithwick shale, Bendian, Texas. Depository
as above; a, b — transverse sections, ephebic stage, x 4. 4. Parastereophrentis (?) invalida FoMICHEV, 1953, Specimen 257.
Holotype. Lower Bashkirian, Limestone H,. Donets Basin. Housed in VSEGEI Museum, Leningrad. Transverse section
made just beneath calice and above pl. 7:1b of FoMicHEvV (1953). 5. Parastereophrentis (?) invalida FOMICHEvV, 1953.
Specimen 532. Paratype. Upper Bashkirian, Limestone I,. Depository as above. Transverse section made above pl. 7:2
of FoMICHEV (1953), x 4. 6. Parastereophrentis virgata FOMICHEV, 1933, Specimen 575. Holotype. Uppermost Bashkirian,
Limestone K,. Depository as above. Transverse section made partly above calice floor, x 8. 7. Longiclava tumida EASTON,
1962. Specimen USNM 118729. Holotype. Otter Formation, Upper Mississippian, Montana, Transverse section made
above pl. 3:21b of EasTton (1962).
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1:1). In contrast to the almost entirely septal aulos in Falsiamplexus gen. n., a participation of
septa in formation of the aulos in U. tricyclica is reduced almost to none. Being evaluated
as not indicative for the family, the appearance of the aulos is here accepted as an important
~ genericcharacter for Falsiamplexus gen. n., distinguishing it clearly from all other genera conside-
red members of Antiphyllidae. Bradyphyllum GraBAU, 1928 with its major septa shortened at
maturity, the tendency of the counter septum to elongate, and the cardinal septum long in early
ontogeny, is closer to Falsiamplexus gen. n. than most other genera of this family. It differs from
the latter, first of all, in not developing an aulos, in having the cardinal septum shortened at
maturity, and in not possessing such distinctly trapezoid tabulae.

Lytvolasma SOsHKINA, 1925 has the corallite axis free of septa and surrounded by a half
aulos formed from the septa of the counter quadrants. The key-hole cardinal fossula, opened
towards the corallite axis, the different organization of the calice, the different arrangement
of major septa, and the absence of a true aulos at any growth atgse are main distinguishing
characters of that genus.

“Lophamplexus” MooRE and JEFFORDS, 1945 might have been another genus of this family
corresponding to Falsiamplexus gen. n. in some features of its mature growth stage. An indepen-
dent status of that “genus” is questioned in this paper. Lophamplexus is here considered only
a growth stage of Lophophyllidium GraBAU, 1928. The latter genus, with no traces of an aulos
on any stage of growth but with a distinct, often complex columella, has to be eliminated as
a possible ancestor or older synonym of Falsiamplexus sp. n.

The genus discussed resembles several Upper Devonian and Permo-Carboniferous genera
showing so called amplexoid morphology at maturity. As indicated by its name, Falsiamplexus
gen. n. is possibly not related to the Lower Carboniferous genus Amplexus SOWERBY, 1814,
The latter remains undetermined although many authors have used its name for rugose corals
of Ordovician to Permian age inclusively. The holotype of Amplexus was investigated only
in its mature, amplexoid part. The ontogeny of either the type or topotypes is unknown. This
reduces our knowledge of the coral of such kind of morphology almost to nothing.

Several amplexocariniid genera should be more closely discussed as being similar to Falsiam-
plexus gen. n. The seemingly closest genus Amplexocarinia SOSHKINA, 1928 has recently been
reinterpreted FEDOROWSsKI (1985) is incompletely known and thus uncertain. Mature portions
of Falsiamplexus gen. n. differ from that genus in possessing a variable cardinal septum located
in the cardinal tabular fossula, and the counter septum often elongated, sometimes distinctly.
The early ephebic stage of Amplexocarinia possesses a complete aulos, while in Falsiamplexus
gen. n. only an incomplete aulos was developed for a very short period of growth just following
the neanic stage. In some corallites observed this morphological stage might have already been
reduced from the ontogeny.

A group of species of Amplexocarinia described by SosHKINA (1932, 1936, 1941) from the
Ufa Platform and Southern Urals show characters that bring them close to the American species
of Falsiamplexus gen. n. All these species, i. €. A. irginae SOSHKINA, 1932, A. yakovlevi SOSHKINA,
1932, and A. ruzhencevi SosHKINA 1936 possess trapezoidal tabulae, sometimes highly elevated.
A cardinal septum may be either permanently (4. ruzhencevi) or temporarily (4. irginae) shorten-
ed. In A. yakovlevi some septa, including the cardinal septum, may be elongated in the early
growth stage. None of the species in question possesses a true aulos developed on any section
illustrated or available for examination by me. They also never show an elongation of the counter
septum. Individual major septa in some of these sections are declined towards each other,
however. Several transverse sections show aulos-like structures. A comparison with trapezoid
tabulae advocates for the analogy of these structures to that shown by calices of Ameérican speci-
mens. of Falsiamplexus gen. n. i. e. the nonamplexoid or only slightly amplexoid character of
septa that end at the border of the flattened parts of tabulae without penetrating surfaces of the
latter.
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Paralleynia SOsHKINA, 1936 was discussed by FEDOROWSKI (1986) on the basis. of the type
material. Paralleynia seems to be close to Falsiamplexus gen. n. in several aspects of morphology
and especially in early ontogeny. Both genera possess a zaphrentoid early neanic stage transferred
into an aulos. In both taxa, the latter structure is of mixed cyatho- and phyllo-theca kind,
but in contrast to an ephemerid appearance in Falsiamplexus gen. n., this is a long lasting struc-
tural element in Paralleynia. It is not only present in calices, but forms the highest elevation of
floors of the latter.

. Periaxial tabellac were sald to be absent in the original description of Paralleynia permiana
(SosHKINA 1936:34, 1941:107), but their presence as infrequent and abaxially inclined was
mentioned by HiLL (1981:F200). The presence of periaxial tabellae is accepted also in this paper.
Differences ‘in structure and changes of axial areas in Paralleynia and Falsiamplexus gen. n.
form one of most important differences between the two genera discussed. The long-lasting
aulos in Paralleynia is well separated by its wall from the rest of the calices, being commonly
open towards the cardinal fossula. Such a structure is not present in Falsiamplexus gen. n.
except in some parts of early ontogeny of some specimens, where a weak and temporary aulos
is present. Trapezoid, complete tabulae in Falsiamplexus gen. n. differ clearly from those in
Paralleynia, which are divided into two distinct and possibly semi-independent parts. Axial
tabellae in the aulos of the latter genus are horizontal and are fairly closely spaced in its type
species. Badly preserved periaxial tabellae do not bring enough information concernmg their
relation to the axial ones.

Differentiation in length of the major septa in some sections of Falsiamplexus gen. n. is the
next character distinguishing the two genera discussed. This character has not been seen in any
section of the type material of Paralleynia permiana. ts presence in Falsiamplexus gen. n. is
ephemeral and, what is most important, it does not concern constant septa, although the cardinal,
counter and alar septa are most commonly elongated. In some species (e. g. F. delicatus (Ross
and Ross, 1963)) and in some sections of F. elongatus sp. n., the cardinal and the counter septum
may dominate. Being adequate for use as a supporting distinguishing character for Falsiamplexus
gen. n., the discussed differentiation of septa seems msufﬁcwnt to place this genus within Poly-
coeliaceae.

The cardinal septum is one of most Varlable septa in; Falszamplexus gen. n. Its slight elongatlon
or shorten’ng is thus considered only a specific character (see diagnoses of species). Wide varia-
bility does not lead clearly towards its shortening, but ra‘her towards elongation or equalling
to other major septa. This tendency is opposite to that observed in Paralleynia, where shortening
of a cardinal septum is a permanent, well distinguished and on:ogenetically early character,
making it important for generic distinction.

Very deep calices in Paralleynia, occupying 1/2 to 2/3 of leng‘h of specimens, may serve as
an additional distinguishing character between the genera discussed.

The characters and trends of deve]opment mentioned r¢present a qualitative level and are
here considered adequate for generic distinction.

Gorizdronia ROZKOWSKA, 1969, described from the Famennian of the Ural Mts. and Poland,
should also be analysed as a potential senior synonym of Falsiamplexus gen. n. or an ancestor
of it. In the first place, early ontogeny of the holoiype of the type species of this genus chosen
by ROzxkowska (1969:89) is not preserved. Thus, its synonymy with the Polish specimens
almost completely investigated, may be apparent, although very probable. The shorten'ng of the
major septa, the distinctly shortened cardinal septum and the presence of a cardinal tabular
fossula in the holotype of G. profunda-(SosHKINA, 1951), renamed G. soshkinae by ROZKOWSKA
(1974), may be compared to given characters of Falsiamplexus gen. n. Longitudinal sections
of G. profunda differ completely from those in Falsiamplexus gen. n. in the arrangement and
shape of the tabulae.

Polish specimens of G. soshkinae differ slightly from the holotype in longitudinal sections,
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where the tabular cardinal fossula is possibly absent and the tabulae are moze diversified in
shape and arrangement.

The Ural Mts. specimens are closer to Falsiamplexus gen. n., but differences in the longitudinal
sections mentioned, lack of differentiation of leng:h of the major septa at any growth stage,
and temporary or non-existent zaphren‘oid arrangement of septa (the latter two characters
observed only in the Polish material) distinguish Gorizdronia from Falsiamplexus gen. n. A long
time span between the occurrence of these two groups of species (Famennan to Morrowan)
advocates also for conmsidering them unrelated generically. _

Some transverse sections of Nalivkinella SosuKINa, 1939 are also similar to Falsiamplexus
gen. n. This is especially true in the case of slight shortening of the cardinal septum. The mor-
phology of the tabularium, commonly bipartite in Nalivkinella, the very early appearance of
a cya-hathecal aulos, the possible absence of zaphrentoid arrangement of septa early in ontogeny,
and the major septa not differentiated in leng h at any stage of development are the main
characters distinguishing Nalivkinella from Falsiamplexus gen. n.

A review of species assigned to Falsiamplexus gen. n. does not show any distinct trend of
development. No geologically older genus can be pointed out, as ancestral for it. The trapezoid
tabularium, constantly present in Falsiamplexus gen. n., can hardly be linked from the more
specialized, bipartite tabularia of the late Devon'an Amplexocariniinae, except maybe for
Gorizdronia ROZKOwska, 1969. Differences discussed above and a long gap in occurrence made
linkage to that genus unacceptable to me.

The metriophylloid rather than zaphrentoid arrangement of septa in the early ontogeny
of the geologically oldest known species of Falsiamplexus, i. e. F. corrugatus (MATHER, 1915)
may point to the Metriophyllidae as a possible ancestral group. There is no particular genus
in that family that can be directly pointed out as ancestral for Falsiamplexus gen. n. The Devonian
genus Metrioplexus GLINSKI, 1963, with its highly domed tabulae and shortened major septa,
represents a final, rather than initial, step of evolution. Lack of tendency to elongate any major
sepla eliminates this genus from the Falsiamplexus gen. n. evolutionary line.

Some of the Chesterian amplexoid corals of Illinois and Arkansas (EASTON 1945) are possibly
close to ancestral forms of the genus discussed. The morphology in the mature portions of
corallites, the early on'ogeny, and shape of the tabulae are in agreement with its diagnosis.
EASTON’s (1945) illustrations do not show an aulos at any growth stage of these corals, which
may argue against considering them congeneric with the geologically younger ones. Amplexus
expansus EASTON, 1945, with its axially sagging tabulae, is excluded from these considerations.

The Upper Permian “Pinacophyllum” jonkeri KOKER, 1924 is possibly a member of Falsiam-
plexus gen. n. Its more important morphological characters are discussed by FEDOROWSKI
(1986)

Falsiamplexus delicatus (Ross and Ross, 1963)
(figs. 26, 27; pls. 6:3, 7:1, 2)

1963. Amplexocarinia delicata Ross and Ross; J. P. Ross and C. L. Ross, p. 409, pl. 48:5, 10.
non 1984. Amplexocarinia delicata Ross and Ross; S. RopriGUEz, p. 155, fig. 55, pl. 2:10.

Type designation. — The species discussed was originally described by Ross and Ross
(1963) as colon’al and the whole sample USNM 139769 was chosen the holotype. Because there
are dozens of specimens present in that sample, it is necessary to indicate one of them as the
type. I choose here the upper specimen of the two illustrated by Ross and Ross (1963, pl. 48,
fig. 5). In spite of its smaller diameter, it is more advanced ontogenetically than the second speci-
men shown on the same figure, which has the major septa joined at the axis.



TABLE 6

Morphologically-comparative table of species of Falsiamplexus gen. n.

) Major Minor Cardinal Cardinal Counter bulari N: d ratio
Name of species septa septa septum fossula septum Aulos Tabularium at calice margin
Falsiamplexus Thin or slightly Restricted to | In early growth | Tabular pre- May be slightly | Composed of bent | Trapezoid tabulae 13:24 to
delicatus (Ross | thickened; some external wall | dominates; in sent; septal elongated inner ends of septa | oftenresting on un- 18:4.5
and Ross, 1963) | slightly rhopaloid maturity varies | inconspicuous and of tabulae; | derlying omnes in ‘
in length short-lasting some portions
Falsiamplexus Thin, nonrhopaloid;| As above or | Shortened; Tabular shal- As above, but com- | Trapezoid, highly 18:5.3 to
elongatus sp. n, alar may be slightly | absent temporarily low; septal ” monly incomplete | domed, rarely spa- 27:10.8
elongated equal to other | often well and long-lasting ced; box-shaped
major septa marked may occur
Falsiamplexus Thin, amplexoid, Short, ap- | Shortened; Tabular well Varies from Inconstant; built of | Trapezoid, 16:6.7 to
Aexibilis sp. n, commonly reach peared late | rarely equal to | developed; equal to other | bent inner ends of | complete 20:9.0
boundary of inner | in ontogeny | other major septal differently | major septa to | major septa; short-
tabularium septa marked well elongated | lasting
Falsiamplexus Very thin, short, | Absent Equal to other | Not developed | Equal to other | Not developed Trapezoid, com- 16:4.4 to
slightly vary in major septa major septa plete, widely spaced; 20:5.8

reductus sp. n.

length; inner ends
of some bent

slightly sagging
axially

8L

IsMmodoadd Azydl
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Material. — The samples of Ross and Ross (1963) and several other fragments of rock
from biohermal limestone at the type locality. All are crowded with dozens of well preserved

specimens.

N:d ratio of specimens considered mature:

USNM " n:d ratio USNM n:d ratio
cat. nos. in mm cat. nos. in mm
196770 1 17:3.7 196769 1 15:5.4
» o 17:4.8 ' 2 17:5.1
w2 14:2.0 » 3 15:3.2
w3 16:4.6 » 4 18:3.7
», 4 13:2.4 » 5 18:4.7
w 5 15:4.0 » 6 18:4.5
s 6 14:3.5 » 7 13:2.8
w7 16:3.6 » 8 15:2.8
9 14:2.8

Diagnosis. — Falsiamplexus having 15—18 major septa and diameter up to 6 mm at calice
marg'n; minor septa restricted to thick external wall.

Ontogeny. — Although investigated on several specimens, the ontogeny of this species is
described in detail. The earliest growth stage, preserved as a flattened solid rod of calcite
attached to the inner surface of a dead calice of anoher specimen, (fig. 26:6a) might have
once formed a laterally flattened cup. Its morphology might have resulted from calcium carbonate
secretion taking place prior to the formation of the first tabula.

The axial sepium, not divided into the cardinal and the counter septum, is the first septum
inserted and recognizable in the stereoplasmic mass (fig. 26:6b). Only half of the corallite
lumen is free of stereoplasm at this early growth stage. The first lateral septa, probably the
counter-lateral ones, appeared only after about 1,5 mm of further growth of the corallite discussed
(fig. 26:6f). The on‘ogenetically older part of this specimen is not preserved. A slow increase
of the major septa in the early and late neanic stage was observed in several specimens, not all
of which are illustrated in this paper. The sharply curved proximal ends of some corallites
(e. g. figs. 26:5a—f; 27:2a—f) allow simultaneous observations on the very early neanic stage
as well as the morphology of the longitudinal section by means of the same series of sections.

All corallites in which only the first metaseptum is inserted are very small in diameter, while
variation in n:d ratio among corallites possessing 10—12 major sepia is considerable.

N: d ratio of juvenile corallites

USNM n: d ratio USNM n: d ratio

cat. nos. cat. nos.

196770/16 7:0.6x0.9 196770/15 10:1.1x 1.7
" 9 7:0.6x 1.0 " 17 12:1.7x2.0
- 14 7:0.7%x1.0 . 12 12:1.9%x2.6
, 18 9:1.0x2.1 » 11 13:1.6x 1.6
s 13 10:9.0x 1.0 " ' 14:2.1%x2.8

The morphology of the neanic stage is similar in all corallites. The cardinal and the counter
septum meet at the corallite axis, but their medial lines are not always united. The cardinal
sep.um dominates in leng:h. the other major septa are long and, except for the last pairs in
quadrants, either meet at the corallite axis or are zaphrentoidally arranged. The cardinal fossula
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Th

Fig. 26.
Falsiamplexus delicatus (Ross and Ross, 1963). 1-—4. Individual corallites of specimen USNM 196771 (fragment of bio-
hermal limestone). Locality USNM 700g, Gaptank Formation, Virgilian. 1. Corallite 1, slightly oblique longitudinal
section. 2. Corallite 3, slightly oblique longitudinal section showing deep calice. 3. Corallite 4, transverse section, late
neanic stage. 4. Corallite 2, slightly oblique longitudinal section. 5—7. Individual corallites of specimen USNM 196772.
Locality as above. Another fragment of the same bioherm, 5. Corallite 1, a—f — successive sections of strongly bent
specimen. 6. Corallite 2, transverse sections of very early ontogeny; a — basal plate; b—e — axial septum, f — appear-
ance of first lateral septa. 7. Corallite 6, a—h — rransverse sections, early 10 late neanic stage. All, x 10.

is well marked and possesses either parallel or bow-shaped walls. Such a bow-shaped curvature
of the septa is characteristic for several of the specimens observed, consequently the counter —
lateral septa may be convex towards the cardinal septum. The major septa are a little rhopaloid
at this and at the beginning of the next growth stage. '

At the end of the neanic stage, the zaphrentoid connection of major septa disappears (fig.
26:7¢g, h). The axial ends of several of them remain in contact, rounding a part of the free axial
area of the corallite. This newly developed aulos is always supplemented by the tabulae, which
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Fig. 27.

Falsiamplexus delicatus (Ross and Ross, 1963). Specimen USNM 196772, Locality USNM 700g, Gapiank Formation
Virgilian. Corallites embedded in biohermal limestone. 1. Corallite 3, a—f — transverse sections, early to late ephebic
stage. 2. Corallite 5, a—f — successive sections of young, weakly developed corallite with lateral rejuvenation in upper
portion. 3 — corallite 4; a—g — transverse sections; successive stages of development of aulos. 4 — corallite 7, transverse
sections; a — ephebic stage; b — calice. 5 — corallite 8, transverse sections; a, b — early and late ephebic stage.6 —
transverse section of very young corallite developed in calice of older corallite 7. All, x10. ~

complete the portions of it not occupied by the united axial ends of the major septa. The minor
septa are not yet present in the microstructure of the external wall, except for their external
furrows.

Each specimen having the major septa withdrawn from the corallite axis and not having
their axial ends incorporated in an aulos is here considered morphologically mature, independent
of its n:d ratio. The considerable differences in that character are shown on the table (see above).
Also, a wide morphological variety is observed within the species discussed. A good sample
of this is shown on the pl. 7:1b, 2, where the major septa of individual specimens may be short,
thin and almost equal in length or thickened and differentiated in length with a prominent cardinal
septum. The counter septum may be elongated or equal to other major septa. At least some
major septa in many specimens are slightly rhopaloid. They only terminate sporadically at the
6 — Palaeontologia Polonica 48
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sides of the tabulae. The minor septa do not penetrate lumens of the corallites. Their presence
may be established only in the microstructure of the wall of better preserved specimens. Because
of the irregular shape of most corallites, none of the longitudinal sections illustrated (figs.
26:1, 2, 4; 27:2¢, f; pl. 7:1a, ) is exact. The tabulae are often complete, trapezoidal, and very
high, with the top parts flattened. On one side of a corallite, they are often attached to the external
wall, but on the underly:ng tabula on the other side. These positions of the attachment alternate
in particular tabulae, which prevents foirmation of a regular cyathotheca of GRABAU 1922. The
arrangement described is not constant, however, and 2—3 successive tabulae may rest on each
other (fig. 26:1; pl. 7:1a). Additional peripheral and elongated axial tabellae are fairly common.

The microstructure of the septa is fine trabecular and/or multitrabecular. The wall defined
middle lines of the septa can only sporadically be observed. The tiny details of the septal micro-
structure are poorly preserved.

Remarks. — The species described seemingly resembles Amplexocarinia SOSHKINA, 1928
and was originally described by Ross and Ross (1963) under that generic name. More detailed
study of the American specimens and a brief restudy of the type material of 4. muralis SOSHKINA,
1928 (FEporOWSKI 1986) revealed several differences between these taxa, discussed earlier in
remarks on the genus Falsiamplexus gen. n.

The orignal description of Ross and Ross (1963) contains several misunderstandings,
which are corrected as follows:

1. All corallites derived from the USNM 700 g locality, i. e. all specimens described by
Ross and Ross (1963) and in the present paper are solitary corallites. In spite of this they are
one of ma'n components of the small bioherm illustrated by Cooper and GranT (1972, pl.
16:1). They form gregaria that give the impression of being colonial (pl. 6:3).

2. Neither in the type material nor in the topotypes are the major septa in the counter qua-
drants longer than those in the cardinal quadrants, although the counter septum may occasionally
be slightly elongated. The morphology described by Ross and Ross (1963) resulted from the
obliqueness of the section.

3. The inner edges of septa are, or may be, connected mainly by the top parts of the tabulae.
Even then there is never a complete ring (aulos) formed. The septa are differentiated in length,
which is not terminated by the tabulae in a transverse section.

4. Minor septa do not extend to the corallite lumen. Their presence is marked in the structure
of the external walls of corallites.

Falsiamplexus delicatus (Ross and Ross, 1963) differs from F. corrugatus (MATHER 1915)
in smaller dimensions, slightly different n: d ratio, thicker external wall, better accentuated
and longer lasting zaphrentoid morphology in the ontogeny, longer major septa, with their
differentiation in leng h better accentuated, and by more densely spaced tabulae that are also
not so highly trapezoidal as in F. corrugatus and are supplemented by tabellae, sometimes
frequently.

Several of the characters mentioned distinguish F. delicatus also from F. elongatus sp. n.
These are: smaller demensions, different n: d ratio, and the arrangement of the tabulae with
fairly frequent tabellae. Shortening of the cardinal septum and a well accentuated differentiation
of the length’s of the major septa, common in F. elongatus sp. n., are rare in F. delicatus. In
addition to the generic features, the thick external wall and a tendency to form the slightly rho-
paloid major septa are characters in common for these two species. 7

A. delicata Ross and Ross of RODRIGUEZ, 1984 has not been accepted a member of this
species. Lack of information concerning ontogeny of the Spanish specimen made its generic
status unknown.

Occurrence. — USNM 700 g, Gaptank Formation, Virgilian. Dozens of specimens in several
pieces of the biohermal limestone.
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Falsiamplexus elongatus sp. n.
(figs. 28—30; pls. 6:9; 7:3, 6; 8:2—15)

Holotype: Specimen USNM 196773, fig. 28:a—s; pl. 8:6a, b.

Type locality: USNM 701 h.

Type horizon: Neal Ranch Formation.

Derivation of the name: lat. longus, a, um —-long. After elongated shape.

Material. — Over 130 specimens with silicified external portions. Internal structures often
calcitic. Proximal ends and calices often preserved.

Some features of representative specimens (in mm):

USNM . Length of Depth of
cat. nos. n:d ratio specimen calice Remarks
196773 27:10.8 ~25.5 ~11.5 calice margin

» 24:7.5 lower part of calice
196779 25:9.2 x20.0 9.3 calice margin
196774 23:9.2 ~22.0 ~12.0 . .

» 21:9.3 lower part of calice
196778 22:8.2 28.0 9.0 calice margin
196783 21:7.4 ~17.5 9.8 » "

196784 20:7.0 17.8 6.8 : » ”
196776 18:5.3 ~16.5 ~ 4.5 ' "
Diagnosis. — Falsiamplexus having n: d ratio at calice margin up to 27:10.8; major septa

stra‘ght, shortened; weak incomplete aulos in early on‘ogeny present, in maturity absent.

Description of the holotype. — External characters. — The corallite is approximately 25 mm
long, ceratoid (pl. 8:6a), having an apex ornamented by growth striae only, but with well
developed septal furrows upperwards. The apical part of the corallite is slightly flattened and
irregular on its convex, cardinal side, armed with small attachment processes, some of which
are developed on a distance of almost half the corallite length (pl. 8:6a).

The calice, approximately 8.5 mm deep, partly infilled with matrix and poorly preserved
(pl. 8:6b), exhibits a deep axial rejuvenation. Its marg'n bears foundations of major and minor
septa, but only the former form the septal blades below. The coral had been exposed post
mortem above the sea floor, becoming a base for the settlement of several sessile organisms on
ist surface and inside its calice.

Internal characters. — In partly silicified section made just beneath the calice (fig. 28:1n),
the major septa are free, withdrawing from the corallite axis for a distance of approximately
1—2 mm. The shortened cardinal sep:um is located in a cardinal fossula marked by strong
shortening of the last pair of septa of the cardinal quadrants. The last septa of the counter
quadran’s are also underdeveloped in length. The rest of the major septa are slightly and irre-
gularly differentiated in leng:h, with the counter septum and the alar septa slightly elongated.
Minor septa are undistinguishable. The other (lower) side of the same section, 0.6 mm away
and the next section, (fig. 28:11, m) exibit similar arrangement and differentiation in length
of the major septa, but the latter come slightly closer to the corallite axis. The axial end of the
counter septum is elongated so as to meet an axial end of one of the metasepta in the counter
quadrants. Middle lines of these two septa are united, but not the middle lines of some other
septa that join the lateral side of the elongated counter septum. There are also some other
axial ends of septa either bent to each other or connected by axial sections of the tabulae.
Several major septa are free axially, however, and a continuous aulos is absent.

The section made approxima‘ely 1,2 mm below (fig. 28:1k) differs from the upper three
sections in having the cardinal and counter septa equal to other major septa and having an aulos
8®
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Fig. 28.

Falsiamplexus elongatus sp. n. Specimen USNM 196773. Holotype. Locality USNM 701h, Neal Ranch Formation;
a-—c — transverse sections, early neanic stage, x 16, d—h — transverse sections, late neanic stage, x 8, i—n — transverse
sections, early tc late ephebic stage, x 8, 0—s successive longitudinal sections, x 8.



Fig. 29. :
Falsiamplexus elongatus sp. n. Transverse sections. [. Specimen USNM 196774, Locality USNM 701k, Neal Ranch
Formation; a — early neanic stage, X 16; b—f — late neanic stage, x 8; g—h — early ephebic stage, x8; i — ephebic
stage, x 8; j — calice, x 8. 2. Specimen USNM 196776. Locality and horizon as above. a—d — early neanic stage, x 16;
e — late nzanic stage, x 8; f — ephebic stage, x 8. 3. Specimen USNM 196775, Locality and horizon as above. a—f —
early neanic stage, X 16. 4. Specimen USNM [96777. Locality and horizon as above; a—e — early neanic stage, x 16.
5. Specimen USNM 196778. Locality USNM 701 h, horizon as above. Transverse sections; a, b — late neanic stage;
¢, d — ephebic stage. All, x 8.
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Fig. 30.
Falsiamplexus elongatus sp. n. 1. Specimen USNM 196781, Locality USNM 701 h, Neal Ranch Formation; a, b — trans-
verse sections, ephebic stage; ¢, d — successive longitudinal sections. 2. Specimen USNM 139782. Locality USNM 701 p,
Gaptank Fm., Uddenites-bearing member ( = Amplexocarinia sp. B Ross and Ross, 1963, pl. 48:4). Transverse sections;
a—c¢ — neanic stage. 3. Specimen USNM 196780. Locality USNM 701h, Neal Ranch Formation. Transverse section;
ephebic stage. 4. Specimen USNM 196782. Locality USNM 706x, Neal Ranch Formation. Transverse sections; a — late
neanic stage; b — early ephebic stage; ¢ —ephebic stage. All, x 5.

of partly cyatho- partly phyllo- theca kind developed in more than half the section. This section
illustrates well a dependence of morphology on even slight skewness of a section. It also shows
that septa are generally not amplexoid, although some may slightly elongate on the tabulae
surfaces (fig. 28:1k) and that the cardinal sepium varies in length. The latter observation is
of a special importance for taxonomy.

Observations on the early on‘ogeny of the holotype started from the obliquely broken and
polished tip having n: d ratio 7:1.1 x 0.7 (fig. 28:1a). The arrangement of major septa is irregular
oving to skewness of the section. All protosep:a are united in a manner typical for Rugosa and
one metaseptum in a cardinal quadrant had already been inserted. Tabulae are present, but no
minor septa are seen. This and two following sections (fig. 28:1b, ¢) were made from part of
the corallite without septal furrows.

The following 5.5 mm of growth of the corallite shows considerable changes in morphology,
starting from the amplexoid one with almost all major septa free (fig. 28:1d) through aulate
with the aulos of the phyllo-cyathotheca kind (fig. 28:1e) to zaphrentoid with the cardinal
septum long (fig. 28:1f, g) and shortened (fig. 28:1h).

Further change leads towards loss of contact of the majority of septa (fig. 28:11, j), more
accentuated shortening of the cardinal septum, elongation of the counter septum and one of
the alar septa. The second one is rhopaloidally thickened. The section described imitates the
morphology of Soshkineophyllum GrABAU, 1928. The longitudinal section was made between
(fig. 28:1j) and the next transverse section described as mature.

The longitudinal section (fig. 28:10—s) was prepared from the early ephebic part of the
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corallite having some septa still elongated. It was orien‘ed in the cardinal-counter septa plan
to check for presence of the cardinal fossula. Depression of the latter is shallow and seen only
in close vicinity of the card'nal sep:um (fig. 28 :1 p—s, lower left). The tabulae in the plan discussed
are complete, highly domed, and very widely spaced.

Individual variation and supplementary description. — Quite a few specimens within the
collection possess completely preserved proximal ends. These parts are invariably flattened
on the card'nal sepium side and slightly widened laterally. This flat and thickened part was not
sectioned due to technical difficulties. The section made just above it (fig. 29:3a) shows four
sep:a united at the corallite axis, with an axial sep’um dominant and with two counter.
lateral septa. It thus can be deduced that the flattened, youngest part has to be armed with at
least the axial septum. The following thin sections were cut from the septal furrows less apex
of the corallite, paralle] to the growth lines thus the serial, not cyclic insertion of the alar septa
observed cannot be expla‘ned as a result of skewness of the sections. Insertion of the first alar
septum is of special impor:ance (fig. 29:3b). It appeared not at or from the axial septum, but
was inserted as attached to the lateral, cardinal side of the counter-lateral septum, i. €. in a man-
ner typical for any metaseptum. A stage of increase of the second alar septum was cut out
during preparation of the next thin section, but the morphology of the latter (fig. 28:3¢) and
the insertion of first, single metaseptum in a coun‘er quadrant, and then in the second counter
and first cardinal quadrant, etc. (figs. 28:3d—f) confirm, that all septa older than the first
four were inserted in series. This may also be true for the coun‘er-lateral septa, which has not
been checked. Hence, there is no difference in increase of four lateral p1otosepta when compared
to the increase of metasepta, and they can be called protosepta only because of their earliest
appearance. This problem with a comparison of an increase of septa in other taxa will be dis-
cussed in more detail separately.

The early stages of growth of all specimens studied are similar in n:d ratio, zaphrentoid
arrangement of septa and their increase in sequence although first metaseptum may be inserted
either in a cardinal (fig. 29:4a) or in a coun‘er quadrant (fig. 29:2a, b). Further on:ogeny became
more or less differentiated, but none of the specimens studied shows it so complex as the holo:ype.
All of them possess an amplexoid morphology with an incomplete aulos developed along
some distances of their growth, but never permanently. This amplexoid morphology is not
identical for all corallites, being more or less short-septal (fig. 29:5a, b) or showing elongation
of some septa. These elonga‘ed sep:a may change in the same cpecimen. For instance, a single
specimen (fig. 29:1b—d) shows elonga‘ion of the cardinal and the coun‘er sep:um in early
sections and the elongation of one alar sep:um and one metasepium on sl'ghtly h'gher sections
(fig.29:1¢, f). The same specimen shows very weak development of an aulos that is never complete
and occurs in some sections only. Most of the specimens observed have the major septa free
along almost all of their post-early neanic g-owth.

Observations in young calices were restricted because of some destruction of the youngest
of them due to coarse silicification. The better preserved young specimens (e. g. pl. 8:9a, b;
15a, b) represent the neanic stage and may serve for the following characteristics: 1. Calices are
very deep and funnel-shaped, with septal blades strongly underdeveloped or absent on their
inner walls, but present near their floors. 2. The arrangement of septa in the calices is similar
to that observed in sections. Their height above the last tabulae is not large, thus the morphology
of sections although slightly heterochronous, may be closely parallelized by the given growth
stages. 3. An absence of septal furrows on the tips of young specimens does not correspond to
the absence of septa in the corallite lumens or in the calices. 4. Development of septal furrows
is more or less simultaneous around a calice marg'n and at its beg'nn'ng involved only the latter.
The undulations of it form foundations of sep:a on this stage, but sep:al blades may be absent
or hardly recognizable on the upper portions of inner walls of calices (pl. 8:9a, 15a). The latter
were developed in a course of further growth of the skeleton, being always observed in slightly
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more developed calices. As in the mature stage, septal blades may be slightly more elongated
on the surface of the calice floor. :

The calices of mature specimens are similar in morphology (pls. 6:9; 8:2a, 7, 13b), having
blades of the major septa radially arranged, short or very short, leaving almost the entire interior
of the calice empty. The minor septa may sometimes be seen along more than half the depth
of a calice in the form of slight protuberations between the major septa, (pl. 8:2a, 8a) but in
several calices (e. g. pl. 8:4, 7) they are lacking except for slight traces upperwards. The cardinal
septum is slightly shortened and the counter septum may be a little longer than other major
septa on the surface of the last tabula. The other major septa either reach the peripheral margin
of the flattened, axial part of the calice floor (the last tabula) or are very slightly elongated on
it, without being so long as to penetrate the corallite axis, however (pl. 8:2a, 7, 13b). Peripheral
parts of calices (last tabulae) dip steeply and equally in all septal loculi, except for the slightly
marked depression of the cardinal fossula. The described morphology of calices is reflected
in the morphology of sections of mature parts of corallites (figs. 29:1i; Sc, d; 30:1a, b; 3;
4c¢; pl. 7:3, 6), which differ from each other only in more or less shortened major septa and in
shortening of the cardinal septum. The latter equals other major septa in some sections, or its
shorten'ng in some specimens is very weakly marked.

A longitudinal section made perpendicular to the cardinal —counter septa plane (fig. 30:1c, d)
shows tabulae widely spaced, 6—7 in 5 mm of growth, trapezoidal and of an arrangement
generally attributed to the genus Amplexocarinia. The latter is especially true for the middle
part of the corallite sectioned (fig. 30:1d), where box — like tabulae rest on each other. This
structure corresponds to the narrowed part of the corallite and is adjacent to a wide break
in tabular secretion ended by shallow rejuvenation of the corallite (fig. 30:1b) and with a com-
plete, horizontal tabula (fig. 30:1d, upper). Thus, it must be altered by extrinsic factors. The
morphology of the lower part of the section, showing trapezoidal tabulae attached to the external
wall, is normal for the species and genus.

Remarks. — Because the species discussed was chosen the type species for Falsiamplexus
gen. n., comparison is given in remarks on the other species described in this paper. Amplexus
corrugatus MATHER, 1915, transferred by Moorg and JEFFORDs (1945) and ROWETT and Su-
THERLAND (1964) to Amplexocarinia SOsSHKINA, 1928, differs from F. elongatus sp. n. in having
shorter and more clearly amplexoid major septa, a more distinctly elongated counter septum,
metriophylloid rather than zaphrentoid arrangement of septa in early ontogeny, a thin external
wall, smaller dimensions and number of septa, and a slightly different n: d ratio.

Occurrence. — USNM Loc. 701:7; 701d:2; 701g:4; 701 h:15; 701k:120; 706 x :1; 742¢c:4,
Neal Ranch Formation.

Falsiamplexus flexibilis sp. n.

(figs. 31, 32; pls. 6:4, S, 8, 10, 12; 7:4, 5, 7—10)

Holotype: specimen USNM 196798, fig. 31: 4a—e; pls. 6:8a—c; 7:10a—c.

Type locality: 728e.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: lat. flexibilis — variable, flexible — after variability of shape and morphology.

Material. — More than 30 silicified corallites, some with calices and or proximal ends
preserved. Most specimens incomplete. Commensal worms common.
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Some features of representative specimens {in mm):

USNM Depth of

cat. 10S. n:d ratio calice Remarks

196795 16:6.7 ? calice margin

" 16:5.4 lower part of calice
196796 18:6.0 ? below calice
196804 18:6.7 5.5 calice margin
196801 18:7.0 ? calice floor

. 18:6.4 below calice
196799 18:8.7 ? calice margin

’ 16:7.0 above calice floor

» 16:5.4 below calice floor
196798 20:7.8 ~ 1.5 calice margin

» 19:8.5 calice floor

" 19:7.2 - below calice
196797 20:9.0 ~10.0 calice margin

. 20:8.0 calice floor

" 19:7.3 below calice

Diagnosis — Falsiamplexus with n:d ratio at calice margin up to 20:9.0; cardinal septum
variable in leng:h, commonly shortended; cardinal tabular fossula well developed.

Description of the holotype. — The corallite was more than 4.5 m long measured along its
convexity, irregularly subcylindrical, with several nartrowings. The shallow septal furrows are
well preserved, but growth striae are missing owing to silicification (pl. 6:8a). A part of the
corallite was exposed post mortem to the settlement of sessile organisms, mainly sponges,
rootlets of which penetrated the corallite wall.

The nearly complete calice (pl. 6:8¢) is pipe-like because of the cylindrical shape of this part
of the corallite and because of the almost equal length of the major septa on the calice wall.
They are radially arranged, extending more than 1 mm into the calice lumen. Only the cardinal
septum and the newly inserted major septa in the counter quadrants are a little shorter. The calice
floor is formed by a single tabula. The middle, almost flat part of it is oriented a little obliquelly
towards the cardinal septum. The depression of the cardinal fossula extends almost to the
corallite axis, but it is better exposed only at the periphery (pl. 6:8c, lower left). The peripheral
part of the tabula dips obliquely towards the external wall to form a trapezoid when longitudin-
ally sectioned. The border of the flat, inner part of the tabula is correlated with the inner ends
of the major septa. Only the cardinal septum is shorter, and the counter septum extends visibly
inward on the surface of the tabula. The minor septa are not seen in the calice, but they are
present in the transverse section made approximately 3 mm below the calice floor (fig. 31:4e).

Observations on the lower, broken part of the corallite prove the slight amplexoid character
of all major septa but the cardinal septum. They are elongated mainly along the oblique portions
of the tabula, which makes this a character not obvious in the calice. The relation of the major
septa to the lower surface of a tabula and to the shape of the cardinal fossula is best illustrated
by the opposite side of the broken, empty part of the corallite (pl. 6:8a).

The silicified tip of the corallite, weathered out in part, was not sectioned. The sectioned part
of the neanic stage is zaphrentoid in its ontogenetically youngest portion (fig. 31:4a), having
a long cardinal septum. Already 0.2 mm above the previous section, the morphology changes
a little (fig. 31:4b; pl. 7:10a) and after 0.4 mm of further growth, a free axial area is formed
(fig. 31:4c; pl. 7:10D). .

The morphology of this area is in part phyllothecal and in part it is bordered by free ends of
the major septa. The cardinal septum is slightly shortened. The counter septum is one of the
longest septa, but it does not dominate in length. The minor septa are absent from the corallite
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Fig. 31.
Falsiamplexus flexibilis sp. n. Locality USNM 728¢, Lower Bone Spring Formation. Transverse sections. 1. Specimen
USNM 196795; a, b — early neanic stage, X 16; ¢ — late neanic stage, x 8; d — ephebic stage, x 8; e — just above calice
floor, x 8. 2. Specimen USNM 196796. a—c — early to. late ephebic stage, x 8. 3. Specimen USNM 196797; a — early
néanic's_tagc; b — late neanic stage; ¢, d — ephebic stage having commensal organism between septa. All, x 8. 4. Specimen
USNM 196798. Holotype; a, b — neanic stage; ¢ — early ephebic stage; d — ephebic stage with distinctly elongated
counter septum; ¢ — partly above calice floor. All, x8, 5. Specimen USNM 196799, Early ephebic stage, x 8,
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Fig. 32.
Falsiamplexus flexibilis sp. n. Transverse sections. 1. specimen USNM: 196800. Locality USNM 728, Lower Bone Spring
Formation; a, b — ephebic stage. 2. Specimen USNM 196801. Locality and horizon as above; a—c¢ — early neanic stage
having commensal worm tube; d, e — late neanic stage; worm tube continued to occur; f, g — ephebic stage. 3. Specimen
USNM 196802. Locality USNM 7221, Skinner Ranch Formation, Sullivan Peak member; a—d — ephebic stage. All, x 8,
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lumen and in the structure of the external wall, but their furrows are present on the corallite
surface. '

Individual variation. — Most of the paratypes do not show any important variation, especially
as far as the morphology of their calices is concerned (pl. 6:4a, 5, 10, 12). The morphology
observed in the cross sections is more variable, but this is true also when the individual sections
of a single specimen are compared (e. g. fig. 31: 2a—c; 3¢, d; 32:1a, b; 2f, g; 3a—d). Variable
length of the major septa and width of the free axial area correlated to it, are the easiest variants
to recognize (e. g. figs. 31:1d, 3c; 32:1a versus fig. 31:2b, c; pl. 7:4a, b, 7 versus 5d, e).

Leng:h of the counter septum is either equal to other major septa or only slightly larger
(fig. 31:1c—e; 2a—c, 3d). Only rare specimens (fig. 32:1a, b; 2f, g; pl. 7:5d) have this septum
distinctly elongated. Shortening of the cardinal septum varies. Being commonly more or less
shoriened, it may, in rare specimens, be equal to other major septa (fig. 31:1c—e) or shortened
very late in ontogeny (fig. 32:2a—g; pl. 7:5a—e).

Apart from the main group of corallites discussed above, individual specimens are quite
distinct morphologically.

The corallite, derived from a different locality and formation (fig. 32:3a—d; pls. 6:12a, b;
7:7) is very irregular in the increase of major septa, which might have been caused partly by
lateral rejuvenation. Also, the leng'h of its cardinal septum varies from section to section. The
wide free axial area left by a comparatively short major septa and the elongated counter
septum are constant.

Remarks. — The species described resembles most closely F. elongatus sp. n., being different
from it in n:d ratio and in the smaller number of major septa. Early ontogeny and trends of
development are similar, except possibly for the slightly rhopaloid character of the major septa,
often presentin F. elongatus sp. n and absent from the typically built specimens of F. flexibilis
sp. n. Such a slight difference may be evaluated by authors as inadequate for specific distinction.
There are samples, however, of a general recognition of this a character.

Occurrence. — USNM 728¢:38, Lower Bone Spring Formation, 7221:1 Skinner Ranch
Formation, Sullivan Peak Member, Upper Wolfcampian.

Falsiamplexus reductus sp. n.

(fig. 33; pls. 5:10, 13—15; 8:16, 17)
Holotype: Specimen USNM 196806, 33:1a—1; pls. 5:15a—h; 8:16.
Type locality: USNM 700a.

Type horizon: Gaptank Formation, Upper (?) Missourian.
Derivation of the name: lat. re — duco, duxi, ductum — to pull back, after very shortened major septa.

Material. — The holotype and 6 well preserved paratypes.

N: d ratio of representative corallites (in mm):

USNM

cat. nos. n:d ratio
196806 16:4.6x4.2
196809 16:4.4x4.0
196807 20:4.7%x4.3
20:6.4x 5.2

Diagnosis. — Falsiamplexus having n: d ratio 16—20:4.0—6.0; major septa short, thin;
external wall thin; tabulae widely spaced, complete. '
Description of the holotype. — External characters are shown in pl. 8:16, 17a, b. The corallite
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Fig. 33.
Falsiamplexus reductus sp. n. Transverse sections. 1. Specimen USNM 196806. Holotype. Locality USNM 700a, Gaptank
Formation, Upper (?) Missourian; a—g — neanic stage; h — late neanic stage; i—l — early to late ephebic stage. All, x 10.
2. Specimen USNM 196809. Locality USNM 700, Gaptank Formation, Upper (?) Missourian; a, b — ephebic stage,
x 10. 3. Specimen USNM 196808. Locality and horizon as above; a — late neanic stage; b — early ephebic stage; ¢ —
ephebic stage. All, x 10. d — calice, x 5.

is geniculate, conical in its juvenile part and cylindrical upperwards. The thin external wall
is covered by delicate growth striae and shallow septal furrows. The major part of the calice
is missing.

In the transverse section made just above the calice floor (fig. 33:11), the major septa are
thin, slightly and irregularly differentiated in leng:h, with none of the protosepta either prominent
or diminished. The last major septum inserted remains very short up to this stage of growth.
Sections of lateral parts of the last tabula are still present between some septa. In the section
made beneath the calice floor (fig. 33:1k; pl. 5:15h), the major septa are thin, slightly wavy,
with their ax’al ends mainly free. Only some of them are inclined toward the neighbouring
septa. No kind of axial tube or cardinal fossula is developed, and none of the protosepia is either
elonga‘ed or shortened. The cardinal septum may be indicated only by comparison of the
on.ogenetically earlier stages of growth.

Ontogeny. — The brephic stage was observed at a d’ameter of 1| mm and a sep*al complement
of 6 protosepta. The neanic stage started at a diameter of 1.2 mm with an increase of first
metasepta in counter quadrants (fig. 33:1¢). The well developed axial septum is seen along

¢
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2.5 mm of corallite growth. Increase in septa is accelerated in the counter quadrants and the
appearance of the new septa is mainly (exclusively?) in sequence (fig. 33:1c—g; pl. 5:15a—e).
The arrangement of the major septa in the late neanic stage (fig. 33:1g; pl. 5:15€) is irregularly
zaphrentoid, with the alar fossulae well acceninated. In the late neanic/early ephebic stage
(fig. 33:1h, i; pl. 5:15f, g), when the major septa only started losing direct con*act, those of the
cardinal quadrants are slightly longer and become free earlier than those of the counter qua-
drants.

The longitudinal section (pl. 5:14b) was investigated on a single paratype only. Tabulae
are trapezoidal, widely spaced, and complete with their oblique parts short and the middle
parts wide and slightly saggng. The section made through the peripheral part of the corallite
indicates that some of them may alterate similar to those of the type species of the genus, resting
in some portions on the subjacent tabulae.

Individual variation. — Differences in n:d ratio (see table) and in length of the major septa
are most important variations. In contrast to the rather long-septal holotype, the majority of
the paratypes have major septa restricted to the peripheral parts of the corallites (fig. 33:2b;
pl. 5:13a, b; 14a). One specimen (fig. 33:3a—d) has comparatively thick major septa and the
minor septa seen in a form of knobs near the calice margin (fig. 33:3d).

Remarks. — The species described differs from F. delicatus (Ross and Ross 1963) in having
a slightly different n: d ratio, thinner, shorter, never rhopaloid and more equalized major
septa, a thin external wall, and more widely spaced, less tall, often complete tabulae.

F. reductus sp. n. is morphologically most similar to Amplexus corrugatus MATHER, 1915
from the Morrowan of Oklahoma. This species, described as Amplexocarinia corrugata (MATHER)
by MoorE and JEFFORDs (1945) and ROweTrT and SUTHERLAND (1964), is here transferred to
Falsiamplexus gen. n. Short and thin major septa, geniculate giowth form and complete tabulae
are the ma'n common characters of these two species. F. reductus sp. n. differs from the Morro-
wan species first of all in not possessing either the cardinal or the counter septum elongated.
This character and the clearly zaphrentoid arrangement of septa in the neanic stage seem ade-
quate for specific distinction.

The species described is closer to Amplexocarinia SOsHKINA, 1925 than any other species
included in this paper in Falsiamplexus gen. n. Its long-lasting zaphren:oid on:ogeny, passing
into an amplexoid morphology without an aulos being produced, forms the main character
distinguishing it from A. muralis SosHKINA, 1925. Complete underdevelopment of an aulos,
lack of differentiation of length of the major septa and their delicate structure are in‘erpreted
here as simplifications, with the latter character being possibly ecologically controlled.

Occurrence. — USNM Loc. 700:4, 700a:3, Gaptank Formation, Upper (?) Missourian.

Suborders uncertain
Family Lindstroemiidae PoltaA, 1902
Genus Paralleynia SOSHKINA, 1936

Type species: P. permiana SOSHKINA, 1936

Synonym: Amplexocarinia SOSHKINA, 1936, e. p.; SOSHKINA, 1941, e. p.; ScaouppE and StacuL, 1959, e. p. non
Amplexocarinia SOSHKINA, 1928,

Geographic and stratigraphic range: USSR (Ural Mts.), ? USA (Texas), Lower Permian; Timor Island, Upper
Permian.

Diagnosis. — See FEDOROWSKI 1986.

Remarks. — Discussion of the type species of Paralleynia (FEDOROWSKI 1986) and of
Falsiamplexus gen. n. (in this paper) necessitates only the following remarks on the relation of
the species here described to the type species of the genus. Anunequivocal conclusion is impossible
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because of the very large variability of this species and because of the inadequate preservation
of corallites, which have been investigated mainly in calices. There are several differences that
may even'ually change its generic classification. These are: thick external wall with septal
furrows almost indistinguishable; comparatively shallow calices; d:fferentiation of length of
major septa in many specimens and arching of the long septa above the underdeveloped ones;
the sometimes unclear position of the card nal sepium, the ofien observed lack of its shortening,
and not clearly proven development of the cardinal fossula. Some of these characters lead
toward Amplexocarinia SOSHKINA, 1928 or toward the species assigned to that genus by authors,
indicating once more the close similarity of these two gen:ra (two morpho-types?). Evaluation
of some o'her characters must be subjective at the level of investigations achieved. To avoid
this as much as possible, I conditionally placed the species discussed with:n Paralleynia, although
its independent generic status seems possible. However, some corallites (e. g. pl. 20:8a, b)
show all generic characters in common with P. permiana SOSHKINA, 1936, thus stressing a possible
congeneric status of these two taxa.

? Paralleynia acclinis sp. n.

~ (fig. 34; pls. 17:10, 12—14; 18:8; 20:2—11, 13)

Holotype: Specimen USNM 196810, pl. 20:2a, b.

Type locality: USNM 701d.

Type horizon: Neal Ranch Formation, Lower Wolfcampian.

Derivation of the name: lat. acclinis, — to lean, the rest — after morphology of axial ends of major septa.

Material. — The holotype and 28 para‘ypes were available for siudy. All specimens are
silicified. In most of them, the interiors were etched out, but the calices remainded well preserved

Some features of representative corallites (in mm):

USNM N:d ratio at Length of
cat. nos. Length calice margin major septa
196818 8.2 16:4.6 differentiated
196810 9.0 15:4.5%3.8 differentiated
196954 ? 15:3.6x3.2 almost equal
196956 9.3 14:4.1 differentiated
196816 ? 14:3.8 almost equal
196957 10.2 13:4.8x4.2 differentiated
196820 5.7 12:3.6x3.3 differentiated

Diagnosis — ? Paralleynia 3.5—5 mm in diameter at calice margin having 13—16 major
sep:a often differentiated in leng'h, commonly arch'ng above some other major sep:a; cardinal
sepium commonly long, sometimes slightly shortened; external wall thick, almost smooth.

Description of the holotype. — The corallite, slightly curved and rapidly widened at the tip,
is almost cyl'ndrical in its upper portion (pl. 20:2a). Traces of attachment are seen on its surface
up to the floor of the calice, i. e. approximately 3.5 mm benea‘h the marg'n of the latter. Only
growth lines are seen on the corallite surface (pl. 20:2a). On the better preserved marginal
part of the calice, the foundations of major and minor sep:a are present (pl. 20:2b). Deeper
in the calice the minor sep’a became incorpora‘ed ino jhe thick exiernal wall and disappeared
from the corallite lumen. The major sep:a became elonga‘ed toward the corallite axis and
differentiated in leng h. The periax‘al ends of the longest seven septa are inclined towards each
other to form a narrow aulos. The cardinal sep:um is long but free. Its position is indicated by
two sl’'ghtly underdeveloped major sep:a. Five major sepra are disorderly shoriened and arched
by axial ends of the adjacent, long major septa (pl. 20:2b).
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Fig. 34.
? Paralleynia acclinis sp. n. Neal Ranch Formation. 1. Specimen USNM 196814. Locality USNM 701d. Longitudinal
section, x 10. 2. Specimen USNM 196821, Locality as above. Transverse sections; a, b — neanic stage; ¢ — ephebic stage.
All, x10. 3. Specimen USNM 196817. Locality USNM 701. Transverse section, neanic stage, X 20.

precluded study of the on’ogeny in detail. The restricted observation in thin sections (fig. 34:3)
and on the broken tip of the corallite (pl. 20:9b) document a normal, zaphrentoid increase and
arrangement of the major septa in the early ontogeny of the corallites. The minor septa are not
present in the corallite lumen. These observations were confirmed by partly preserved tips of
some other corallites. There is a single corallite within the collection, however, that has the
aulos developed as early as this stage (pl. 20:5¢). Also the mature portion of it (pl. 20:5b),
discussed in the section on individual variation, is qualified as an extreme variant. Such an early
development of the aulos should therefore be considered nontypical for the species discussed.

Three serial polished sections of the other specimen show the fasciculophylloid arrangement
of the septa in the late neanic stage (fig. 34:2b), a part of the incipient aulos is formed due
to the slight withdrawal of the axially united septa towards the coun‘er septum. The shallow
concavity formed that way is on the lateral parts supplemented by periaxial ends of major septa
of the cardinal quadrants. Those of the right quadrant are a little bent aside. The cardinal
septum is still long.

During further growth, the axial ends of some major septa bent more distinctly, while some
other major septa ceased to grow. This differentiation of growth, supplemented by development
of axial tabulae, leads toward formation of the aulos. The morphology of the specimen investig-
ated is similar to that of the holotype at this stage of growth (fig. 34:2¢). Unfortunately, the
development described above was observed on a badly preserved specimen, and some details
might have been misinterpreted. It has also not been checked against other specimens because
of lack of adequate material.

Longitudinal section. — One specimen has been longitudinally sectioned (fig. 34:1), but
most of the information comes from the specimen broken lengthwise (pl. 17:12). The widely
spaced tabulae are divided into perlpheral and axial parts. Peripheral parts are declined obliquely
adaxially, but their portions adjacent to the wall may be concave (fig. 34:1). The axial parts of
tabulae, located inside the aulos, are horizontal, slightly convex, or sagging (fig. 34:1; pl. 17:12).

The broken specimen (pl. 17:12) shows that the peripheral parts of tabulae may be horizontal.
It also documents the interrelation and close similarity between vertical and horizontal structural
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elements. Although the axial end of a septum (pl. 17:12) upper right bends towards the adjacent
septum, this is the protuberance of the tabula that closes the aulos in its other side. In the case
of a very narrow fold of ectoderm, such a protuberance may get the septal microstructure and
may form cross-bars (die Querriegeln of ScHouPPE and StacuL 1959:338).

Individual variation. — Two main groups of specimens within the collection under discussion
may be distinguished as different taxa: 1. A group of specimens with major septa almost straight,
coming close to the corallite lumen and forming a narrow, not clearly distinguishable aulos
(pls. 17:10, 13a, b; 20:11). 2. A group with inner ends of septa bent to form an outstanding
aulos (pl. 20:2a, 3a, 4a, 5b, 8b, 9a). Both these groups show further individual variation,
whose characters may in some cases appear parallel. The more or less clearly accentuated short-
ening of the cardinal septum is most important among them (pls. 17:13a; 20:8b, 9a). All
specimens of both groups possess thick external walls with septal furrows either absent or
hardly distinguishable; the minor septa started weakly at calice margins and disappeared
completely in the middle parts of calices beneath the last tabula; the calices of the mature
corallites shallow. There are some specimens of the intermediate morphology, but extreme
specimens of both groups can hardly be compared (e. g. pls. 17:10; 20:5b).

Individual variation within the first group is rather small. In addition to the variable length
of the cardinal septum, the differentiation of length of other major septa also may be noted
(pls. 17:13a; 20:10b), a characteristic important for the further comparison with the second
group of specimens. The latter is more differentiated in morphology. There is, first of all, the
trend of development of a complete aulos. This trend ends with the corallites showing it clearly
in the calices, with the cardinal septum distinguishable only by the arrangement of the other
major septa (pl. 20:4a, 5b). One of the corallites mentioned (pl. 20:5a—c) is here included
in the species discussed mainly because of some secondary characters in common and because
of the presence of corallites that may be considered morphologically intermediate (pl. 20:4a,
b; 8a, b, 9a, b). However, the very early development of the aulos, together with the characters
of the mature portion of its growth may eventually be adequate for placing it within the genus
Amplexocarinia SOSHKINA, 1928. "

Rare specimens with a broad and well developed aulos (e. g. pl. 20:9a) have a kind of
carination of septa. Septal blades are not smooth laterally, but form some secondary foldings,
which are not so advanced as to form the metriophylloid carinae, however. Similar structures
are present in the cardinal quadrants of the specimens showing the most typical paralleyniid
morphology of its very deep calice (pl. 20:8b). The aulos is open towards the slightly shortened
cardinal septum in the upper portion of the calice, but it is closed lower down. The cardinal
septum reaches the aulos there.

In most of the specimens of the second group discussed so far (e. g. pl. 20:5b, 8b, 9a) all
the major septa but the cardinal septum are equal in length. There are several specimens in this
group, including the holotype, that have the major septa differentiated in length, with some
arching above the other or others (pls. 17:14b; 20:2b, 4a). This phenomenon has been described
for the holotype and will not be repeated. A single, immature corallite (pl. 20:13a, b), however
has this trend of development so distinct that it can hardly be compared to other corallites
discussed. There is no aulos developed, the counter septum joins the wide arch formed by two
metasepta, and the slightly shortened cardinal septum is arched over by iwo major septa that
may be the alar septa. This distinct specimen has been conditionally placed within the species
discussed because of the secondary characters in common and because its partly etched out
interior precludes more detailed study.

Remarks. — The broad discussion above was introduced for two reasons: a) To show that
the specimens grouped here under the common specific name may in fact belong to different
taxa. P. acclinis sp. n. should thus be treated as an artificial unit created to show the possible
directions of further investigations on more complete and better preserved topotypes.

7 — Palaeontologia Polonica 48
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b) To point out once more a close similarity of Amplexocarinia SOSHKINA, 1928 and Paralleynia
SosHKINA, 1936. Of the distinctive characters of their type species, discussed by FEDOROWSKI
(1986), only the long lasting aulos and the possible presence of a cardinal fossula distinguish
the extreme specimens included here in Paralleynia from Amplexocarinia.

The tendency of some major septa to arch over the adjacent ones although not mentioned
by SosHKINA (1936) may be seen in some of her specimens (e. g. figs. 4, 5a—Db). Thus the character
exhibited by several specimens of the species discussed is not unique within the genus. Being
especially well developed here, it may serve as the distinguishing specific feature. The different
n: d ratio, comparatively long major septa and widely spaced tabulae readily distinguish most of
the corallites described here under the common name P. acclinis sp. n. from all other species
of Paralleynia known outside North America.

Occurrence. — USNM loc. 701:4, 701¢:1, 701d:26, Neal Ranch Formation, Lower Wolf-
campian.

Family Lophophyllidiidae MOORE and JEFFORDS, 1945

Type genus: Lophophyllidium GraBau, 1928

Genera assigned: Lophophyllidium GRrABAU, 1928; Lophocarinophyllum GRABAU, 1922; Pseudowannerophyllum
FLUGEL, 1975; ? Sugiyamaella YABE and MinaTO, 1944,

Diagnosis. — Solitary corals without dissepimentarium; early ontogeny zaphrentoid, with
cardinal and counter sep:a united; none but counter septum dominates in post early neanic
stage; columella orignated from counter septum, simple or complex, sometimes perforate,
may disappear in maturity; minor septa inserted short and free, may then be elonga‘ed; micro-
struciure of septa fine trabecular; metriophylloid carinae may occur; tabularium may be biform;
tabulae declined from axial structure.

Remarks. — HiLL (1981) synonymized family Lophophyllidiidae MOORE and JEFFOR Ds
1945 with Lophophyllidae GraBAU, 1928 and placed the latter in the subordo Plerophyllina

TABLE 7

Morphologically-comparative table of Lophophyllidiidae Moore and JerrorDs, 1945 described in this paper

Name of genus Cardinal Cardinal Major Minor .
or subgegneus septum fossula Columella septa septa Tabularium
Lophophyllidium Shortened Triangular, | Simple or com- | Oftenrhopaloid | Free, may be [ Uniform
(Lophophyllidium) open pound; may dis- | and differenti- | reduced
Moore and JEF- appear in matu- | ated in length
FORDS, 1945 rity
Lophophylilidium Shortened; | As above; Strong, perma- | Oftenrhopaloid;| Biformly Biform
(Lophbillidium) often late may be in- | nently present, | come close or | reduced, free
Feporowskl, 1986. in ontogeny | conspicuous | protruded upto | reach columella | or contra-
inner zone of junct
calice
Pseudowannerophyl- Shortened Triangular, | Perforated; Oftenrhopaloid;| Free or
lum FLUGEL, 1975 open composed of slightly differ- | contrajunct ’s
primary and se- | entiated in
condary lamellae| length
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Neither of these solutions is accepted in the present paper. The main reason for not accepting
the synonymy mentioned is simply an absence of more complete information concerning the
morphology of Lophophyllum M. — EpwArps and HAIME, 1850. The lectotype is known only
from its calice. There is also no information concerning the ontogeny and other diagnostic
characters of the paratypes. Presence of the columella is the only character permitting placement
of Lophophyllum in the same family as Lophophyllidium, which seems inadequate to me. Any
further discussion must be based on subjective suppositions only and is thus omitted.
None of the genera here included in Lophophyllidiidae (poorly known Sugiyamaella is
excluded from the discussion) exhibits a plerophylloid character in early ontogeny and at
maturily. An elongation of the counter septum itself is inadequate for placing these corals
together with other Plerophyllinain spite of the fact that e. g. Soshkineophyllum Grasau, 1928
may, in its mature portion, be closely comparable to some Lophophyllidiidae. The early ontogeny
of the latter is clearly of the stereolasmatid kind. The family character — the columella, is
achieved only in early maturity. Elongation of the counter septum is not uncommon in Stereo-
lasmatina, from which Antiphyllinae ILinA, 1970 may be indicated as a closest taxon.

Genus Lophophyllidium GRABAU, 1928

Type species: Cyathaxonia prolifera Mc CHESNEY, 1860

Diagnosis. — See FEDOROWSKI 1974 or HiLL 1981 but supplemented with the sentence:
biform tabularium may occur.

Remarks. — The genus Lophophyllidium and most of its supposed synonyms were discussed
in detail by FEDOROWSKI (1974). The new data achieved herein suggest suppression of the genus
Lophamplexus MooRE and JEFFORDS, 1941. Its close relation to the genus Lophophyllidium was
pointed out in the original description by MOORE and JEFFORDs (1941), but the synonymy of
these two genera has not been proposed so far.

Presence or absence (reduction) of a columella is the only quantitative, generic character
dividing these two genera. However, in specimens of some species the columella may disappear
and reappear several times (JEFFORDs 1947, Pl. 23, fig. 4b; Pl. 24, Fig. 7¢). Some other groups
of specimens do not show any considerable differences in morphology, except for the more or
less well developed columella, or absence of that structure. For construction purposes, the
problem concerning Lophamplexus is more widely discussed in remarks on L. westii (BEEDE,
1898).

A review of the diagnostic characters of Lophophyllidium and its synonyms shows that the
morphology of the columella, its juction with or separation from a counter septum, as well as
its reduction, is not a constant feature. Thickening and length of the major septa, length of the
minor septa, depth of calices (a seeming absence of tabulae in enormously deep calices of
“Malonophyllum™), as well as a combination of all these characters, also cannot be treated as
constant generic characters. On the other hand, there are obviously distinct groups of species
present within Lophophyllidium in which domination of given characters may be observed,
e. g. the group of “Stereostylus” JEFFORDS, 1947 or the group of “Lophamplexus” MoORE and
"JEFFORDS, 1941. To what extent these groups differ genetically from each other and from the
type species and how constant these differences are, remain uncertain.

Because all possible combinations of the listed characters have been realized several times
and obviously independently in the history of Lophophyllidium, the existing status of this genus
is most probably a mosaic evolution with many directions of development of individual charac-
ters, opposite in some instances (e. g. reduction versus complexity of the columella). Individual
groups of species ( = genera in the previous sense) might have also been differentiated a few
times from the main developmental line to form short genetic offshoots (iterative evolution).
T
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Recent investigations by WEBB (1984) of a new species of Lophophyllidium from the upper-
most Mississipian Imo Formation shows an extraordinarily large individual variation in several
characters, particularly in the columella. This is the geologically oldest species of well documented
stratigraphic position known so far, but its advanced morphology indicates a long earlier history.
Another species of typically lophophylloid morphology described by Ivanovski (1967) as
Rotiphyllum sp. comes from the lower part of the Taksin Series at the mouth of the Lena river.
Unfortunately, its stratigraphic position is not quite certain and only a single specimen was
described. It may, nevertheless, confirm a wide distribution of Lophophyllidium fairly early
in Carboniferous strata.

WEBB’s (1984) study seems to show the uselessness of the columella as a diagnostic cha-
racter. It may well be so in the group of specimens described by him, which points out the
necessity of a very careful application of this character to systematics. Its usefulness for species
determination cannot be excluded in many instances, however. It may be constant in some groups
of specimens as well as variable in others.

The number of North American species of Lophophyllidium and its synonyms introduced
so far is very large. This does not necessarily reflect the real specific variety of this genus, but
resulted at least in part from its extreme variability in almost all morphological and rational
characters, except for the early on'ogeny and the microstructure of septa, common for all
specimens investigated in these respects so far. It seems also obvious to me from the personal
re-examination of some type collections and from the literature as well, that at least some
species were introduced ma'nly because of geographic or stratigraphic differences in their
occurrence. It may also be true, however, that the criteria mentioned reflect a natural mosaic
or iterative evolution. Taking all these uncertainties into account I treat the specific concept of I.o-
phophyllidium broadly, avoiding introduction of new species as much as possible. The enormously
large number of speeimens included to almost each species (?) of this genus needs special morpho-
logical and, perhaps, a computer study for real specific determinations. This has been impossible
to do in the present paper. Some specimens having long minor septa exhibit a kind of peripheral
tabularium that may be considered as the introductory step to the biform tabularium and thus
to the subgenus Lophbillidium FEDOROWsKI, 1986. This phenomenon, described in L. absitum
(JEFFORDS, 1947), is not a fully developed morphological character and its bearer has been left
in the nominative subgenus. Appearance of such an underdeveloped feature stresses a close
relation between both groups of species and advocates for a subgeneric rank of Lophbillidium.
-For further discussion see FEDOROWsKI (1986).

The very wide variation in traditionally diagnostic characters made me look for other
characters to be used for systematics. Observations on the abundant American collections and
on the literature seem to indicate internal symmetry of corals as one of the important characters
of this kind. It has been stated that radial versus bilaleral symmetry in the arrangement of major
septa is rather constant, although there are also species having semi-radial or semi-bilateral
symimetry caused by elonga‘ed columella. The symmetry was thus applied here as one of the
basic distinction between species. The total length of the major septa in comparison to the
corallite d'ameter and the differentiation in their length on a given transverse section should
also be considered quite important in many cases.

Species of Lophophyllidium and its synonyms outside America have not been discussed. They
are present on all continents, but are not so diverse and common as in North America. Several
of them exhibit a close similarity to American species. Again, however, on the basis of present
knowledge, it is impossible to judge whether these are synonyms or homeomorphs.



TABLE 8

Morphologically-comparative table of species of the subgenus Lophophyllidium Grasau, 1928 described in this paper

N ¢ s S Major Minor Cardinal Cardinal Counter . Col I - ) Cd rati
ame of species ‘ ymmetry septa septa septum fossula septum olumella abularium N: d ratic
f i
| . .
| ‘ i ! | i ; |
Lophophyllidium Radial | Thin, nonrhopaloid, : Short; often | Slightly " Tabular weak, ' In maturity equal | Absent | Trapezoid; axiat 16:5.5 to
westii  BEEDE. 1898 ‘ often very short | completely | shortened ' septa may l to other major se- | _ parts correlated 30:13.t
! | reduced ‘ not occur ' pta: earlier long : with columelia
Lophophyllidium | Thin, nonrhopaloid, Short to very | Shortened Inconspicuous, | Elongated; may not ' Simple, irregular, ‘ Tabulae densely ~ 22:8.5 10
distortum WORTHEN, ” | variable in length, short : tabular and reach columella | or composed of 2—  spaced. tent-shaped |  34:17.¢
1875 \ commonly short ! septal ¢ 4 short lamellae
| ‘ :
Lophophyllidium Thin, differentiated in | Well developed | Very short : Triangular, ‘ Elongated, com- - Often thick, com- : Tabulae siightiy 20:7.0 t¢
dunbari MoOORE and ” length; may be rhopa- ' in calices, very : | well developed | monly up to reach- posed of several sagging near colum- 30:13.9 and
JEFFORDS, 1941 loid l short beneath | ing columella coarse lameliae . ella 31:12.2
! I
‘ ‘ |
Lophophyllidium Semi- Slightly to distinctly | Short ‘ Short to | Triangular or Elongated, directly : Monoseptal,elong- I 22:7.7
compressum bilateral | rhopaloid. vary in [ ‘ very short | narrowing united with colum- i ated, moderately 33:13.5
JEFFORDS, 1942 length ‘ " axially “ella | thickened
| i | ;
Lophophyllidium Radial Rhopaloid, differentia- © Well developed ” ‘ Triangular Elongated, tending | Thick, rounded, As above; 25:11.0 te¢
absitiun JEFFORDS. ted in length, short : to separate from monoseptal or long . incipient biformity 38:21.0
1947 cotumella ' lamellae E may occui
Lophophyilidium Thick, rhopaloid, Upto1/2 ofma-| Long in Triangular, Elongated to reach ‘ Almost circular ‘ Tabulae slightly 28:16.5 to
plummeri JEFFORDS, ? slightly differentiated | jor septa; may | early growth, narrow columella ‘ with many short sagging near 34:24.5
1947 in length be laterally con- | short in I lamellae columella
tiguous mature | i
Lophophyllidium Bilateral | Thick, come very close | Short to very Reach columella Elongated, with
wewokanum JEFFORDS, to columella short ” ” with middle lines | afew lamellae; may ” 26:15.4 to
1947 often united be perforated in 32:16.5
" maturity
Lophophyllidium Long, distinctly rhopa- | Absentincoral- | Moderately Directly united, ‘ Elongated, mono-
cf. confertum ” loid, differemtiated in | lite lumen and | shortened ” often by middle ‘ septal, moderately ” 30:17.0
JEFFORDS, 1942 length; some reach in external wall lines, with columella . thickened
columella
Lophophyllidium Moderately thin, Short Shortened Elongated to reach | Monoseptal, slightly ? 21:7.0 to
skinneri Ross and ” rhopaloid, do not reach ” columella thickened 23:6.5
Ross, 1962 columella
Lophophyllidium sp. Radial Thin, almost equal in | Well developed | Not Inconspicuous | Elongated, slightly | Only elongation of ? 24:7.6
length, pinnately ar- shortened thickened axially, | counter septum
ranged at calice floor almost reach
cardinal septum
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Subgenus L. (Lophophyllidium) GraBau, 1928

Type species: as for the genus.

Synonym: Lophamplexus MooRe and JEFFORDS, 1941.:
Further synonymy see FEDOROWSKI 1974.

Diagnosis. — Lophophyllidium with normal tabularium.
Remarks. — As for the genus.

Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898)
(figs. 35, 36; pls. 9:1—11; 10:1—3; 11:1, 4, 10, 11)

1898. Amplexus westii BEepe; J. W. BeeDg, p. 17, pl. L.

1900. Lophophyllum westii BEEDE; J. W. BEeDE, p. 18, pl. 2:8, 8b; pl. 3:12; pl. 5:7.

e.p. 1908. Lophophyllum distortum WorTHEN; G. H. GIrTY, p. 318, fig. 37:3 in this paper.

1945. Lophamplexus captiosus MooRE and JeFrForps, 1945; R. C. Moore and R. M. JEFFORDS, p. 120, figs. 83—8S5, 95.
1945. Lophamplexus sp. A. Moorg and JErrorDS; R. C. Moore and R. M. JEFFoRDS, p. 122, figs. 86, 91.
1945. Lophamplexus sp. B. MoorE and JErrorDs; R. C. Moore and R. M. JEFForDs, p. 122, figs. 87, 94.
1947. Lophamplexus brevifolius JEFFORDS; R. M. JEFFORDS, p. 66, figs. 4, 9; pl. 23:1—16; pl. 25:2, 6.
1947. Lophamplexus westii (BEEDE); R. M. JEFFORDS, p. 68, fig. 9; pl. 24:1—8; pl. 25:4, 5; pl. 26:5.
1947, Lophamplexus ulius JEFFOrRDs; R. M. JEFFORDS, p. 72, fig. 9; pl. 25:3; pl. 26:1; pl. 27:1—7.

1947. Lophamplexus phractus JEFFORDS; R. M. JEFFORDS, p. 74, fig. 9; pl. 22:6, 7; pl. 25:1.

1947. Lophamplexus vagus JEFFORDS; R. M. JEFFORDS, p. 76, fig. 9; pl. 27:8, 9.

1967. Lophamplexus sp. CoLson; C. T. CoLson, p. 234, pl. 1:6a—c.

1971. Lophamplexus sp. ScrurToN; C. T. SCRUTTON, p. 205, pl. 2:3—6.

Material. — More than 40 mainly incomplete specimens having the internal structure often
well preserved in calcite. Some specimens with proximal ends. Calice floors rarely preserved.

Some features of representative corallites (in mm)

USNM . No of .
cat. 1os. n:d ratio specimen n:d ratio
196837 16: 5.5 USNM 196833 27:13.0
196824 18: 6.2 USNM 196842 28:12.4
196840 22: 74 USNM 196835 29:11.4
196823 25:11.0 USNM 196842a 30:13.1

Diagnosis. — Lophophyllidium having simple thin columella or elongated counter septum in
early growth stage disappearing at early or Jate maturity; major septa at maturity thin, nonrhopa-
loid often very short; shortening of cardinal septum better accentuated in pre-amplexoid growth
stage.

Individual variation. — The specimens analysed were collected in almost equal number
from the Upper Missourian (21 corallites) and from the Uddenites-bearing shell member
(18 corallites) of the Gaptank Formation. Three specimens are of Lower Wolfcampian age.
Trends of varjation are similar in both main groups of specimens, although very short major
septa, stronger reduced minor septa, and thinner external walls are more common among the
Missourian specimens. The latter are also much more differentiated in dimensions. In fact,
two almost entirely separated groups of specimens may in this respect be distinguished: a group
of very small corallites (6 specimens) the largest one having n:d ratio 22:7.4 and a group of
comparatively large ones. The smallest corallite of the latter group has a n:d ratio 24:11.2.
The group of small corallites, with their very thin and short major septa, a common absence




_ . _ Fig. 35. . _ , _
Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898). Transverse sections. 1. Specimen USNM 196822. Locality USNM
700a, Gaptank Formation, Upper (?) Missourian; a — late neanic stage, x 8; b — early ephebic stage, x 4; ¢, d — ephebic
stage, x 4. 2. Specimen USNM 196823. Locality USNM 701 e, Gaptank Formation, Uddenites-bearing member; a —
early ephebié stage; b — ephebic stage. Both, x4.3. Specimen USNM 196824. Lacality USNM 700a, Gaptank
Formation, Upper (?) Missourian; a, b — neanic stage; ¢, d —ephebic stage. All, x 8. 4. Specimen USNM 196825,
Locality USNM 701 e, Gaptank Formation, Uddenites bearing member; a, b — early (?) ephebic stage, x 4. 5. Specimen
USNM 196826. Locality and horizon as above; a, b — early ephebic stage, ¢, d — ephebic stage. All, x4. 6. Specimen
USNM 196827. Locality USNM 721, Lower Hueco Formation; a — early ephebic stage; b — ephebic stage. Both, x 4.
7. Specimen USNM 196828. Locality USNM 700, Gaptank Formation, Upper (?) Missourian. Ephebic stage, 6.5 mm



Fig. 36.
Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898). Transverse sections. 1. Specimen USNM 196841. Locality USNM
700. Gaptank Formation, Upper (?) Missourian; a, b — early neanic stage; ¢, d — early ephebic stage; e — ephebic
stage having columella separated from counter septum. All, x4. 2. Specimen USNM 196831. Locality USNM 70le,
Gaptank Formation, Uddenites-bearing member; a, b — ephebic stage, x4. 3. Specimen USNM 196832. Locality and
horizon as above.-a — early (?) ephebic stage, b — beginning of rejuvenation, ¢ — advanced rejuvenation. All, x 4. 4.
Specimen USNM 196830. Locality USNM 700a, Gaptank Formation, Upper (?) Missourian; a — early neanic stage,
x 8; b — late neanic stage, x4; c —early ephebic stage, x4; d, e — ephebic stage, x4.

below destruction shown on pl. 10:1, x4. 8. Specimen USNM 196829, Locality USNM 7011, Gaptank Formation,
Uddenites-bearing member; a — early ephebic stage; b — ephebic stage. Both, x 4.
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of minor septa in corallite Jumens, and thin external walls (pl. 9:5a—d; 10a), may in fact
form a distinct taxon, not distinguished here for the reasons discussed in remarks on this species
and genus. '

Dimensions of the Uddenites-bearing shell member corallites fit exactly with the variety
of this character exhibited by the group of larger corallites of older age. Development and variety
of columella or, strictly speaking, the elongated counter septum, is the taxonomically most
important character of both the geologically younger and geologically older large specimens.
In more ot less advanced maturity of many of thece specimens, the counter septum either does
not differ in length from other major septa, except for the shortened cardinal septum, or is
only slightly elongated (figs. 35:1c,d ; 2b; 8b; 36:2b; 4d, e; pl. 9:1f; 8, 11b). In four specimens,
the elongated counter septum lasts up to the distal end of their existing portions (fig. 35:4a, b;
S5a—d; 36:3a—c; pl. 9:9a—d). None of them has a preserved calice floor however, and one
may well consider these specimens immature. A single specimen of this small group (pl. 9:9a)
shows temporary presence of a kind of septal lamella.

The elongated counter septum retained at a fairly advanced growth stage, as well as the
arrangement of major septa in early maturity and variety in the development of minor septa
(figs. 35, 36; pl. 9), may be of some taxonomic importance, discussed later in “Remarks”.

Variety in morphology of the longitudinal cection results in part from the presence or
absence of the columella. There are also differences in arrangement of tabulae and in distance
between them, when sections with (pl. 9:9d, 11a, lower part) and without (pl. 9:10b, 11a, upper
part) the columella are separately compared. It is difficult to judge to what extent these differences
are ecologically influenced and to what extent they are of real taxonomic value.

Remarks. — An analysis of the records of Lophamplexus existing so far permits the conclusion
that each of the “species” represented by an adequate number of specimens shows a variation
whose boundaries include a good deal or all of the characters considered typical for other
“species”. This is best illustrated by JEFFORDs (1947), who gave the most complete descriptions
of several “species” of Lophamplexus. For instance, a short-septal mature portion of L. phractus,
with hardly recognizable cardinal septum, can easily be compared with pl. 23:3, 6c—e, 8b,
9a, b (L. brevifolius), pl. 24:1b, 5a (L. westii), pl. 27:2d, 4a, 6a—c (L. ulius), 8b (L. vagus).
It can also be compared to all mature portions of L.? lutarius, but the neanic morphology of
the latter makes generic status of this species doubtful (see JEFFORDs 1947:79). Similar analysis,
avoided in this paper, can be applied to: a) the columella, which may be separated from or
united with the counter septum; b) variation in length of the cardinal septum; c) variation in
leng:h of the major septa, d) some differences in thickenings of the structural elements. However,
particular characters are more common or dominating in some “species” and very rare in others.
All species described by JEFFORDS (1947) and analysed in this paper possess short or very short
minor septa and nonrhopaloid major septa, but the latter may in rare instances be differentiated
in length (e. g. JEFFORDs 1947 pl. 24:6—8). JEFFORDs (1947, pl. 24:7), suggested that one or two
septal lamellae are connected to the columella.

The morphology and trends of variation of the geologically oldest representatives of Lopham-
plexus described so far (MOORE and JEFFORDs 1945) are very similar to those of the geologically
younger ones discussed above and do not bring any arguments for acknowledging Lophamplexus
as an Jdependently developed phylogenetic line, i. e. a true genus.

The type species Lophamplexus eliasi MOORE and JEFFORDs, 1941 is represented only by two .
specimens, but even these two exhibit several differences in thickness of the external wall, length
of minor septa, morphology of juvenile portions of growth, thickness of columellae in individual
portions of corallites, and growth stage at which the columella disappears. Both these specimens.
seem to have a character not occurring in other groups of corallites of the lophamplexoid
morphology, i. e. a complex columella. This is the only basis on which I excluded the species
synonymized bere from L. eliasi.
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The single specimens identified as Lophamplexus sp. by CoLsoN, 1967 from the Alleghany of
Ohio and Lophamplexus sp. by ScrutToN, 1971 from the? Pennsylvanian of Venezuela can
in my opinion be temporarily included in the synonymy proposed in this paper. Both of them
show characters easily recognizable among those synonymized.

I am not convinced that we are really dealing with a single species. The synonymy proposed
reflects a lack of good distinguishing criteria rather than the true relation of the groups of
specimens discussed. Proposing this synonymy, I wanted to draw attention to the fact that
from the two approaches that can be applied to this material both are possibly wrong. 1. One
can easily establish sets of features characteristic for the specimens occurring in the time span
from the Morrowan to Permian and call such specimens a species. Several “species” established
this way will repeatedly co-exist in the same beds during a very long time not because thcy are
real, but because of the subjective selection of this part of a natural variety of the real species,
which were subjectively established characteristic for this artificial taxon. 2. All or most of the
specimens derived from the given stratigraphic level are considered a species. Several features
of such a “species” may be common with older and younger taxa established this way, but only
a little attention is paid to this. The second approach, commonly applied by palacontologists
working mainly for the stratigraphy, mixes the whys and the wherefores: different bio- or litho-
stratigraphic level established on the basis of other fauna or on the lithology form in this
approach an adequate excuse for introducing a new taxon. The genus Lophophyllidium and
its synonyms are full of such exampies.

The species of Lophophyllidium so far described and discussed and of its synonyms approve
the meaning that this is one of morphologically most variable taxa among the Permo-Carbo-
niferous rugosans and any strongly formalized approach to it must lead to the multiplication
of mistakes. There probably are morphological repetitions and convergences considered as
single species, as well as species artificially divided because of lack of fully established inter-
specific variation. To avoid multiplication of new specific names I accepted the first approach
of the two mentioned in the previous paragraph, with as wide interspecific variation as I could
have established. The situation among the “species” showing lophamplexoid morphology is
especially complex because of a well known fact that the amplexoid morphology is reached
in several phylogenetic lines (e. g. SCHINDEWOLF 1941; WEYER and ILINA 1979; WEYER 1981;
FEDOROWSKI 1986). It thus can well be predicted that there were several species of Lophophylli-
dium that produced the “Lophamplexus” species by simple reduction of the columella at maturity.
The latter character has been accepted as specific for the purpose of this paper. A careful analysis
may prove its uselessness even on such a low taxonomic level, however,

The morphology and variation of the corallites derived from USNM locality 701 e from the
Uddenites-bearing member of the Gaptank Formation draw special attention in the context
of the taxonomic value of amplexoid morphology. As shown above in the section “Individual
variation”, there exists a distinct variety in length of the counter septum. Other characters of the
specimens discussed and especially the morphology and length of major and minor septa in
mature portions are very similar to come specimens of the same age and locality assigned here
to L. dunbari MOORE and JEFFORDS, 1941 and L. absitum (JEFFORDS, 1947). One can well accept
a specific concept for these specimens quite different from that subjectively accepted in this
paper. The specimens with thick, monoseptal columella (fig. 41:7), complex columella (fig.
39:1c¢, d), thin, elongated counter septum (fig. 35:4a, b) and without columella (fig. 35:8b)
may, in accordance to that concept, be considered conspecific. This strictly stratigraphic approach
to the material emphasises at the same time an artificial status for the genus Lophamplexus
and its synonymy with Lophophyllidium. Without going so far as rejecting the taxonomic value
of individual characters traditionally accepted as specific in this group of corals, I did not recog-
nize the longlasting and early disappearing elongation of the counter septum as specific characters
and placed bearers of all these features in the species discussed.
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Occurrence. — Previous descriptions: Oklahoma, Hale Formation, Morrowan; Oklahoma,
Marmaton Group, Desmo:nesian; Missouri, Kansas City Group; Kansas, Lansing Group;
Oklahoma, Skiatook Group; Ohio, Alleghany Group; Venezuela, ? Pennsylvanian. Here
described: USNM 700:8, 700a:13, Gapank Formation, Upper (?) Missourian; 701e:15,
701p:1, 701u:1, Gaptank Formation, Uddenites-bearing member, Lowermost Wolfcampian;
705j:1, undivided Gap’ank Formation; 721:1, Lower Hueco Formation, 721g:1, 706x:1,
Neal Ranch Formation, Lower Wolfcampian.

Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875)
(figs. 37, 38; pls. 10:4—6; 1132, 5, 6, 9) ’

1875. Cyathaxonia distorta WORTHEN; WORTHEN, A. H. and MEEx, F. B., p. 526, pl. 32:4.
e. p. 1915. Lophophyllum distortum WoRTHEN; G. H. GIrTY, p. 318; fig. 37: 4, 8 in this paper.
1947. Stereostylus lenis JEFFORDS; R. M. JEFFORDS, p. 40, figs. 2—4, 7, 8; pls. 1:1; 14:1—15; 20:3, 4, 6.
e. p. 1947. Stereostylus milichus JErFORDS; R. M. JEFFORDS, p. 52, fig. 7; pl. 17:1, 3, 5.
1947. Stereostylus pandatus JEFFORDS; R. M. JEFFORDS, p. 54, fig. 7; pls. 18:1—5; 26:3.
1966. Stereostylus sp. Besout; D. G. Besour, p. 4, pl. 2:4a—e¢.
Holotype. — The specimen illustrated by A. H. Worthen in: WoRTHEN, A. H. and MEex, F. B,, 1875, pl. 32, fig. 4,
housed in the Iilinois State Museum, under the No. 10967, specimen 1.
Type locality: Greenup Limestone, Matoon Formation, McLeansboro Group, Cumberland County, Illinois.
Age: Middle Virgilian — base of upper third of the Stephanian of Europe (according to Dr. W. J. SanDo, written
comm., 1983).

Diagnosis. — Lophophyllidium having n:d ratio 22:8.5—34:17.0; symmetry radial; major
septa thin, equal in leng:h except for shortened cardinal and elongated counter septum; minor
septa very short; columella inconspicuous, may be free at maturity.

The type collection. — Three specimens are housed under the same number in the Illinois
State Museum. Two of these corallites were illustrazed originally by WoRTHEN (1875, pl. 32:4,4a).
None of the originals was sectioned prior to this paper. The illustrated specimens are here con-
sidered conspecific, although the paratype is much smaller and has a much deeper calice than the
one chosen herein as holotype. Only the single section through the calice was prepared from
the former specimen (fig. 37:2), which is not discussed in detail. The third corallite originally
not illustrated, differs from the former two at the family or higher level, being a dissepimentate
coral belong ng to a new genus (fig. 38:2a—c).

The holotype is filled in partly with matrix in its upper portion. This is interpreted herein
as diagcnetic, because of the presence of sections of tabulae in this infilled portion. The very
early ontogeny of the corallite has not been investigated. The specimen was sectioned twice:
in the supposidly neanic and in the ephebic portions. Peels, prepared from all four surfaces,
are illustrated (fig. 37:1a—d) to show considerable variability of some structural elements,
appearing at a distance of growth as short as approximately 1 mm. The onogenetically youngest

-

Fig. 37.
Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875). Transverse sections. 1. Specimen 10967, corallite 1.
Holotype. Greenup Limestone, Matoon Formation, McLeansboro Group, Middle Virgilian, Cumberland Co., Illinois.
Housed in the [llinois State Museum; a, b — early ephebic (?) stage; c, d — ephebic stage; portions filled in with strange
matrix are shaded. All, % 10. 2. Specimen 10967, corallite 2. Paratype. Depository, locality and horizon as above. Ephebic
(D) stage, x 5.3—8. Corallites described as Lophophyllum distortum by Girty (1915). Kansas City Group, Upper Missou-
rian, Missouri. 3. Specimen USNM 121412; a — early ephebic stage; b — ephebic stage ( = L. (L.) westii (BEEDE, 1898)).
4. Specimen USNM 121413; a, b — ephebic stage ( = L. (L.) distortum (WORTHEN, 1875)). 5. Specimen USNM 121414—1,
ephebic stage ( = L. (L.) cf. confertum JEFFORDS, 1942). 6. Specimen USNM 1214142, ephebic stage ( = L. (L.) dunbari
Moore and JEFFORDS, 1941). 7. Specimen USNM 121414—3, ephebic stage ( = L. (L.) dunbari MOORE and JEFFORDS,
1941). 8. Specimen USNM 121414—4, ephebic stage ( = L. distortum (WORTHEN, 1875)). All, x 5. 9. Specimen USNM
196843, Locality USNM 701 e, Gaptank Formation, Uddenites bearing member; a—d — early to late ephebic stage, x 5.
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Fig. 38.
Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875). Specimen USNM 196844, Locality USNM 701¢, Gaptank
Formation, Uddenites-bearing member. Transverse sections; a — early ephebic stage, x 5; b, ¢ — late ephebic stage, x 3.
2. Worthenophyllum vesiculatum gen. n., sp. n. Specimen 10967, corallite 3. Holotype of the type species. Greenup Lime-
stone, Matoon Formation, McLeansboro Group, Middle Virgilian, Cumberland Co., Illinois. Housed in the Illinois
State Museum. Transverse sections; a — neanic stage; b, ¢ — ephebic stage. All, x 10.

section (fig. 37:1a) shows the post-neanic morphology, despite its small dimensions (n:d ratio
17:4.0 x4.3). The lower surface of the section runs through the tabula with the counter septum
elongated so as to reach one of the meiasepia of the cardinal quadrants. Also, axial ends of
two septa of the latter quadrants are united to arch over the cardinal septum and two other
major sep‘a next to it. The other major septa are thin and shortened. The morphology of the
opposite surface of the same seciion (fig. 37:1b) shows almost regularly radial arrangement of
the major septa, with the cardinal sepium hardly distinguishable by its slight shortening and
with the counter septum thin, but elongated to the corallite axis. The minor septa are not yet
developed in the corallite lumen, but their foundations are already present in a form of an
undulation of the inner surface of the external wall.

The morphology of the upper section having n:d ratio 22:9 x 8 exhibits the same general
characterisiics as described above, except for the development of true minor septa, at least in
some septal loculi, and excepi for the morphology of the columella. The latter may be simple
but separated from the axial end of the Jong counter septum (fig. 37:1¢) or may form the elong-
ation of the counter sepium, supplemented by a single axial lJamella derived from other major
septum (fig. 37:1d). The cardinal sepium is shortened.
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Discussion. — The specimens identified here as L. distortum (WORTHEN, 1875) are all Jarger
than the holotype, and all are derived from geologically younger strata.

N:d ratio of representative specimens (in mm):

USNM .
cat. nos. n:d ratio
196848 34:17.0
196844 32:16.7
196847 32:13.8
196843 28:12.7
196850 26:11.7

There are also morphological differences both between them and the holotype and between
themselves. A single corallite (fig. 38:1a) possesses a strongly thickencd columella and rhopaloid
major septa in early maturity, but most of the corallites are, in this respect, rather similar to the
holo:ype, although the underdevelopment of of the thickening of major sepia is not so advanced
as in the latter. The columella in the specimens here discussed is continuously connecied with
the counter sepium (fig. 37:4a, b; 8; pl. 11:6a, b; 9) or it may lose this connection in late maturity
(fig. 38:1¢c; pl. 11:2). This disconnection may be temporaty in some instances. Also the morpho-
logy of the columella may vary considerably. In most of the corallites, the columella is a simple
elongation of the counter septum (fig. 37:4a, b, 8; pl. 11:9) or was only derived from it, when
separated (fig. 38:1b, c; pl. 11:2). Its morphology in some specimens is somewhat more complex
owing to incorporation of some additional lamellae (fig. 37:9a—d; pl. 11:5a, b). In rare instances
(pl. 11:6a, b), it varies greatly in morphology from section to section, being complex and compact
in some and rather weak and almost simiple in the ncighbouring oncs. In view of the variable
morphology of this structure shown by the holotype and by thc specimens here diccussed, the
columella has ra her minor taxonomic value for L. distortum.

The major sep.a are short or very short, being hardly distinguishable in some specimens
(e. g. fig. 37:4a, b, 8, 9a—d; pl. 11:2, Sa, b) and fairly well developed in the o:hers (e. g. fig.
38:1a—c). This variability is not so large as to have any taxonomic implication, however.

The major sepla are all more or less equal in length, except for the shoriened cardinal septum
and the elongated counter sepium, but total leng hs vary in comparison to the corallite diameter.
There is no obvious trend in this variation. It is also not correlated to any other character and,
as such, has rather restricted taxonomic value. Some long-septal specimens e. g. figs. 37:5,
38:1a—c may eventually be compared to other species, which is discussed in the next section.

Remarks. — The species concept of L. distortum (WORTHEN, 1875) is rather broad and may
not be accepted by authors if the differences poin‘ed out in the discussion are considered specific.
Such an understand ‘ng of this species was mainly caused by the absence of topotypes available
for study and by very restricted original material, whose individual corallites differ morphologic-
ally. There are also species which may not be approved because of their similarity to L. distortum.
L. dunbari MOORE and JEFFORDSs, 1941, with its possible synonym Malonophyllum kansasense
MOoORE and JEFFORDS, 1941, is one of these. Boundaries of the individual variation of L. dunbari
and M. kansasense shown by MooRe and JEFFORDs (1941, pl. 1, figs. 1—8), broadened by the
specimens included in that species in this paper, superimpose on some variants or characters
attributes to L. distortum (e. g. fig. 39:5a—<c). The opposite situation is observed in the single
specimen identified herein as L. distortum (fig. 38:1a—<c). It possesses an early ephebic stage
similar to that of L. dunbari.

Some of the long-septal corallites identified here as L. distortum are fairly close to those
specimens of L. phainum JEFFORDS, 1947, conditionally included here to L. dunbari, that show
‘the major septa more or less equal in length. Differences in that case are slight and concern
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. Fig. 39.
Lophophyllidium (Lophophyllidium) dunbari MOORE and JEFFORDS, 1941. 1. Specimen USNM 196851. Locality USMN
701e, Gaptank Formation, Uddenites bzaring member ; a—d — transverse sections, early to late ephebic stage; e — longi-
tudinal section. All, x 5. 2. Specimen USNM 196852. Locality and horizon as above; a—d — transverse sections, early
to late ephebic stage, x 5. 3. Specimen USNM 196853. Locality USNM 706, Neal Ranch Formation. Transverse sections;
a — late neanic stage; b, ¢ — ephebic stage. All, x 5. 4. Specimen USNM 196854. Locality USNM 721, Lower Hueco
Formation. Transverse sections; a, b.— early ephebic stage; ¢, d — ephebic stage. All, x 5. 5. Specimen USNM 196855,
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length of the minor septa, morphology of the columella, and slightly longer length of major
septa — all characters that may be unacceptable to authors. o

Occurrence. — The stratigraphic position of the holotype is indica‘ed above. Previously
described specimens: Kansas and Missouri, Kan-as City Group and Lansing Group; Ohio,
Conemaugh Group, Missourian; Kansas, Shawnee Group, Virgilian. Here described: USNM
700:3, 700A:5, Gap.ank Formation, Upper (?) Missourian; 701e:5, 701v:1, Gapiank Forma-
tion, Uddenites-bearing member, Lowermost Wolfcampian.

Lophophyllidium (Lophophyllidium) dunbari MooRrE and JEFFORDs, 1941
(fig. 39; pls. 11:3, 7, 8, 12, 13, 15—17; 12:1—16)
e. p. 1915. Lophophyllum distortum WoRrRTHEN; G. H. GIrTY, p. 318; fig. 37:6, 7 in this paper.
1941. Lophophyllidium dunbari MooRre and JerrorDs; R. C. Moore and R. M. JeFrorps, p. 83, pl. 1:1-5,

1941. Malonophyllum kansasense MooRe and JEFForDS; R. C. Moore and R. M. JeFForps, p. 76, pl. 1:6—8.
? 1947. Stereostylus phainus JEFFORDS; R. M. JEFFORDS, p. 46, fig. 7, pls. 15:1—6; 20:5; 26:4.

Material. More than 60 specimens, many of which have. calices and/or proximal ends
preserved. Some corallites fragmentary or having internals partially etched out.

N: d ratio beneath calices (in mm): -

USNM .
cat. nos. n:d ratio
196853 20: 7.0
196866 22: 8.1
196864 ' 25: 8.6
196852 25:13.4
196865 26:10.0
196860 28:13.0
196851 _ 30:13.9
196859 31:12.2

Diagnosis. — Lophophyllidium having maximum d’ameter 14 mm at calice margin and up
to 31 major septa; symmetry radial; major septa thin, shortened, slightly differentiated in length,
occasionally a little rhopaloid; cardinal septum very short; counter septum commonly elongated
to compound, often thick columella.

Individual variation. — The type and the other specimens described by MOORE and JEFFORD
(1941) vary in several morphological characters and, to a lesser degree, in n: d ratio. This variation
is broadened by the specimens here described, especially as far asthe n:d ratio is concerned
(see table).

The internal structuie of columellae vary (fig. 39:1—6; pl. 11:3, 7, §, 12, 13, 15—17), but
it is almost invariably compound in the mature corallites, incorporating a few coarse septal
lamellae. The number of the latter is always smaller than half the number of major septa.
Independently of its morphology, a columella may be sometimes very prominent, extending

Locaity USNM 701k, Neal Ranch Formation. Transverse sections; a — early ephebic stage; b — ephebic stage having

columlla separated from counter septum; ¢ — calice; part below last tabula shaded. All, x 5. 6. Specimen USNM 197856,

Locality USNM 706x, Neal Ranch Formation. Transverse sections; a—c¢ — late neanic stage, x 10; d — ephebic stage;

morphology disturbed by commensal organism, x 5. 7. Specimen USNM 196857. Locality USNM 727¢, Neal Ranch
Formation. Transverse section, early ephebic stage, x 5.
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almost as high as to a calice margin (pl. 12:8a, b), or is medium in height (pl. 12:1b, 6b, 9a,
12a) or, in rare instances, it is restricted to the deeper portions of calices (pl. 12:7b, 15). In the
type collection a similar variation is observed in that characier.

The minor septa in almost all geologically younger specimens are well developed only in the
upper portions of calices (pl. 12:1b, 2b, 9a, b, 15). Deeper in calices and beneath the last tabulae,
the minor septa are often seen only in the external wall or are absent (pl. 11:3, 7, 16, 17).

Some specimens derived from the Uddenites-bearing shell thember of the Gaptank Formation
differ from the type specimen and from all younger representatives of the species discussed
in having a comparatively thick external wall, fairly well developed minor septa, and more
numerous major septa (fig. 39:1a—d, 2a—d; pl. 11:12a, b, 15). They may represent a distinct
subspecies leading towards the ancestral form of L. dunbari s. s. Some morphological features
of these corallites are similar to those shown by the specimens of the same age identified here
as L. distortum (WORTHEN, 1875), which may be of some taxonomic value. There are also spe-
cimens of the Neal Ranch Formation, however, that exhibit several characters in common or
identical with those of the geologically oldest specimens of L. dunbari.

Remarks. — Malonophyllum kansasense MOORE and JEFFORDS, 1941 is included here in the
synonymy of L. dunbari. It has been stated (FEDOROWSKI 1974) that Malonophyllum is a junior
synonym of Lophophyllidium. The characters of “M.” kansasense agree with the diagnosis of
L. dunbari. A lack of tabulae in the former species, expressed by MOORE and JEFFORDS (1941),
is most probably apparent and was caused either by the extreme depth of the calices or resulted
from diagenesis. The fairly long minor septa of “M”. kansasense are in fact the only difference
when compared to the type specimen of L. dunbari.

“Stereostylus” phainus JEFFORDS, 1947 is conditionally included in synonymy with L. dunbari.
It is geologically much older than the specimens here described and shows some morphological
differences. Narrower understanding of L. dunbari may thus lead to considering “S”. phainus
distinct, but possibly ancestral for the former species. However, differences between the type
collection of “S.” phainus and the geologically oldest specimens here included in L. dunbari
are slight, forming the main basis for the concept of the last species here proposed. It may also
be true, however, that the Gaptank Formation corallites, included in L. dunbari in this paper,
may form a distinct species, common with the type of “S.” phainus.

Occurrence. — Former descriptions: ? Kansas, Drum Limestone of the Kansas City Group,
Missourian; Kansas, Beattie Limestone of the Florena shell Member, Middle Wolfcampian.
Here described: USNM 70le:6, 701p:l, 701v:l, Gaptank Formation, Uddenites-bearing
member, Lowermost Wolfcampian; USNM 701:19, 701¢:1, 701d:19, 701g:1, 701k:2, 7011:1,
701t:1, 702t:1, 706x:5, 721g:7, 721u:1, 727e:6, Neal Ranch Formation, Lower Wolfcampian.
? 702e:1, Hess Formation, Taylor Ranch Member; ? 707ha:l Skinner Ranch Formation,
Poplar Tank Member; ? 721:2, Lower Hueco Formation. Upper Wolfcampian.

Lophophyllidium (Lophophyllidium) compressum JEFFORDS, 1942
(fig. 40; pl. 8:18, 19; 13:1—8)

1942. Lophophyllidium compressum JEFFOrRDS; R. M. JEFFORDS, p. 224, Pls. 2:2; 8:1.
1942. Lophophyllidium elongatum JerforDs; R. M. JEFFORDS, p. 234, Pl. 4:1—3.
1947, Stereostylus pelaeus JEFFORDS; R. M. JEFFORDs, p. 48, Pls. 16:1—8; 20:1, 7.

? 1962. Lophophyllidium solidum Ross and Ross; C. A. Ross and J. P. Ross, p. 1182, e. p.
1966. Stereostylus brushensis Besout; D. G. Besour, p. 3, pl. 2:1-3.

? 1971. Lophophyllidium pelaeum (JEFFORDS); C. T. SCRUTTON, p. 202, pl. 1: 13—15.

Material. — 19 incomplete specimens having well preserved internal structure. The unillus-
trated specimen USNM 139738 identified by Ross and Ross, 1962 as L. solidum is here considered
more similar to if not quite identical with L. compressum.
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Some characteristics of representative corallites:

USNM N:d ratio C septum
cat. nos. (in mm) side
196877 22: 7.7 lateral
196879 26: 9.8 ? concave
196882 26:10.8 convex
196880 28: 8.7 "~ lateral
196874 28:10.9 convex
196873 33:13.5 lateral

Diagnosis. — Lophophyllidium having n:d ratio beneath calice 22:7.7 to 33:13, 5; columella
monoseptal; cardinal septum shortened ; major septa slightly to distinctly rhopaloid, differentiated
in length, semi-bilaterally arranged; minor septa short. _

Individual variation. — Almost all the specimens studied are rather thick-walled corallites,
having underdeveloped minor septa and a very short cardinal septum (fig. 40:2a, b, 3b, c,
4b, ¢, 5a, b). They vary in thickness of the major septa, differentiated development of the stereo-
plasmic infillings, and in the arrangement of major septa. The latter may be almost bilateral
in mature portions of some corallites (e. g. fig. 40:1¢, 3c; pl. 13:1¢) and close to radial in the
opposite extreme (fig. 40:2b, 4c; pl. 13:4a, 6b, ¢, 7a, b). Differentiation in length of major
septa is rather slight in most of the corallites (pl. 13:2b, ¢, 6b, ¢, 7a, b), but it may be fairly
well accentuated in some (fig. 40:1c¢, 3¢, 5b; pl. 13:8a). Although length and thicknes of the
columellae vary, their morphology is invariably monoseptal.

Two specimens included in this species have their mature morphology (fig. 40:1c¢, 3¢) very
similar to specimens included by JEFFORDS (1942) in L. compressum and L. elongatum, but the
ontogenetically younger parts of them (fig. 40:1a, b, 3a, b) differ not only from each other but
also from these two taxa.

Remarks, — Most of the specimens discussed in this paper are much smaller than the holotype
and other specimens identified as belonging to the species synonymized here with L. compressum
JEFFORDS, 1942. “Stereostylus” brushensis BEBouT, 1966 from Ohio forms the only exception.
Also, the morphology of several specimens discussed in this paper (e. g. fig. 40:2a, b; pl. 13:4a,
b, 6a—c) resembles most closely “S.” brushensis. I agree with SCRUTTON (1971), however, that
there is no specific difference between the Ohio “S”. brushensis and Oklahoma “S”. pelaeus.
Moreover, the Desmoinesian L. compressum JEFFORDs, 1942 does not show any important
morphological difference from the former two species and is here acknowledged as the senior
synonym for all the specimens mentioned.

The specimen described by Scrutton (1971) from Venezuela differs in n:d ratio from all
remaining specimens here identified as L. compressum and in having a much larger number
of septa. Also, its morphology and especially the arrangement of major septa differs a little
from JEFFORDs’ (1942) type material.

- The species discussed is morphologically most similar to L. confertum JEFFORDS, 1942 and
to the group of specimens described here as L. cf. confertum JEFFORDSs, 1942 in the structure of
the columella and in the character of the major septa. If the strongly bilateral symmetry of the
latter two is considered unimportant, there will not be any significant difference between these
species.

L. compressum shows also a close similarity to the type of the Wolfcampian L. skinneri
Ross and Ross, 1962, which differs mainly in having the cardinal septum only slightly shortened.
If this character is considered unimportant or juvenile, L. skinneri may well be synonymized
with L. compressum, in spite of its much higher stratigraphic position. As discussed with L.
cf. confertum, L. skinneriis an ambiguous species and any comparison to it must be imprecise.

8 — Palaeontologia Polonica 48
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Fig. 40.
Lophophyllidium (Lophophyllidiunt) compressum JEFFORDS, 1942, Transverse sections. 1. Specimen USNM 196873. Locality
USNM 701 e, Gaptank Formation, Uddenites bearing member; a—c — early to late ephebic stage, x 3. 2. Specimen USNM
196874. Locality USNM 700a, Gaptank Formation, Upper (?) Missourian; a — early ephebic stage; b — ephebic stage.
Both, x5. 3. Specimen USNM 196875, Locality USNM 700, Gaptank Formation, Upper (?) Missourian; a — early
neanic stage, x 10; b, c — early and late ephebic stage, x 5. 4. Specimen USNM 196876. Locality and horizon as above;
a — neanic stage, x 10; b, c — ephebic stage, x 5. 5. Specimen USNM 139738 ( = L. solidum Ross and Ross, 1962, ¢. p.).
Locality USNM 704w, Gaptank Formation, Virgilian. 6. Specimen USNM 196885, Locality USNM 701e, Gaptank
Formation, Uddenites-bearing member; a, b — successive longitudinal sections, x 3.
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The species discussed shows also some similarity to L. dunbari MOORE and JEFFORDS, 1941
and L. absitum (JEFFORDS, 1947) in the arrangement and thickening of major septa. This may
be considered as an indication for all these species being closely related.

Occurrence. — Former descriptions: Texas, Millsap Lake Group, Desmoinesian; Oklahoma,
Kansas, Ohio, Middle Missourian; ? Venezuela, ? Pennsylvanian. Here described: USNM
700:10, Gaptank Formation, equivalent of Bed 10 of P. B. King, Upper Missourian; USNM
704D:1, undivided Gaptank Formation; ? 704w:1, Gaptank Formation with 7riticites joensis
THOMPSON, possibly Virgilian; ? USNM 701e:l, Gaptank Formation, Uddenites bearing
member. '

Lophophyllidium (Lophophyllidiun) absitum (JEFFORDs, 1947)
(Fig. 41:1—7; pls. 10:7—12; 13:9—17)

1947. Srereostylus absitus JEFFORDS; R. M. JEFrORDS, p. 56; pl. 19:1—7.
? 1947. Lophophyllidium spinosum JEFFORDS; R. M. JEFFORDS, p. 34, pls. 5: 1, 2; 8:6, §; 12:1—4; 13:1—4.
¢. p. 1947, Srereostylus perversus JEFFORDS; R. M. JEFFORDS, p. 60, pl. 22:1, 4 only.
e. p. 1962. Lophophyllidium solidum Ross and Ross; C. A. Ross and J. P. Ross, p. 1182.
? e. p. 1971. Lophophyllidium sp. cf. L. wewokanum JerrOrRDS, 1947; C. T. SCRUTTON, p. 203, pl. :18 only.

Material. — 18 corallites of well preserved internal morphology. Several specimens having
calice floors and/or proximal ends preserved. Some silicified in part.

Diagnosis. — Lophophyllidium with n:d ratio 25:11—38:21; major septa arranged radially,
rhopaloid, differentiated in length; minor septa commonly well developed; columella thick,
solid, monoseptal or complex, tending to separate from counter septum; incipient biformity of
tabularium may occur in some septal loculi.

Remarks. — The above synonymy is based on the reexamination of the sectioned specimens
of JEFFORDs (1947) and on the original descriptions, but the morphology of the holotypes was
decisive for the considerations. The species name L. absitus was accepted because the name L.
spinosum, published on earlier pages is preoccupied by Lophophyllidium spinosum (MARTIN,
1881). Some paratypes of individual species may not belong to L. absitum in the meaning accepted
here,

The specimens of the collection being investigated in this paper form two groups that differ
in some morphological details and in stratigraphic position. The first group contains corals of
small dimensions (n:d ratio 26:8.5—12.5 prevails, maximum stated 29:13.5), well developed
minor septa, the major septa more or less rhopaloid and differentiated in length and the columella
monoseptal in early growth, but composed of a few septal lamellae in the late ephebic stage
(fig. 41:1a—d, 2a—c, 6a—f; pl. 13:9a—c, 10, 11, 12a, b, 14a—<c). This group of corals is
restricted to USNM Locality 720b (Western base of Franklin Mts, Hueco Formation). The
morphology and radial arrangement of major septa, the very short cardinal septum, and the
columella tending to separate from the counter septum are in comumon with the characters of
the second group of specimens that is stratigraphically older, being restricted to the Uddenites-
bearing member of Gaptank Formation. Larger dimensions (n:d ratio 30:10.5—-36:15.5),
underdevelopment of the minor septa that are better seen in a single corallite only (pl. 13:17),
monoseptal columella, and more distinct rhopaloid thickenings on the major septa are the main
distinguishing characters of specimens of this group when compared to the previous one (pl.
13:13, 15—17). Representatives of both groups exhibit characters in common with L. absitum
and other species synonymized, but they differ from the latter in some other ones. It should
be noted, however, that not the geologically older, i. e. closer to the type, but the geologically
younger specimens are morphologically more similar to earlier described corals. I thus consider
individual groups of corals discussed as the stratigraphically separated populations of the
&
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Fig. 41.

Lophophyllidium (Lophophyllidium) absitum (JEFFORDS, 1947). 1. Specimen USNM 196883. Locality USNM 720b, Hueco
Forma.tion; a—c¢ — successive transverse sections, ephebic stage; d — longitudinal section. All, x 3. 2. Specimen USNM
196884. Locality and horizon as above. a, b — transverse sections, ephebic stage; ¢ — longitudinal section. All, x 3.
3. Specimen USNM 139741 ( = L. solidum Ross and Ross, 1962, e. p.). Locality USNM 705k, Lenox Hills Formation.
Fragmentary transverse section, ephebic stage, x 3. 4. Specimen USNM 139736 ( = L. solidum Ross and Ross, 1962,
e. p.). Locality USNM 704w, Gaptank Formation, Virgilian. Transverse section, ephebic stage, x 3. 5. Specimen USNM
139737 ( = L. solidum Ross and Ross, 1962, ¢. p.). Locality and horizon as above. Transverse sections; a — late neanic/
early ephebic stage; b — ephebic stage. Both, x 3. 6. Specimen USNM 196886. Locality USNM 720b, Hueco Formation.
Transverse sections; a, b — early ephebic stage, x5, c—f — ephebic stage, x 3. 7. Specimen USNM 196887. Locality
USNM 70le, Gaptank Formation, Uddenites-bearing member. Transverse section, ephebic stage, x 3.

same species although they may well be treated as separate taxa, if a narrow species concept
is proved.

Several species (?) of similar, but not quite the same morphology have not been included
in the synonymy of L. absitum. These are L. sauridens (WHITE, 1875), possibly from Morrowan;
L. complexum, L. expansum, L. murale from Des Moinesian, L. radiatum from Missourian,
all of JEFFORDs (1947). Mutual differences in morphology between these species (?) as well as
in comparison to L. absitum are small and may eventually be considered unimportant. Pseudo-
wannerophyllum solidum (Ross and Ross, 1962) with its radial arrangement of the rhopaloid
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major septa and thick columella is seemingly close to the species discussed. It differs first of all
in 1ts distinct generic characteristics and in having comparatively long cardinal septum, in-
conspicuous, long, not triangular cardinal fossula, and thick septoiheca.

Occurrence. — Previous works: Texas, Graham Group, Lower Virgilian; USNM 704 w:2
Gaptank Formation, U. Virgilian (?); 705k:1 Lenox Hills Formation; Kansas, Shawnee Group
and Wabaunsee Group, Lower to Upper Virgilian; Oklahoma, Wabaunsee Group, Upper
Virgilian; ? Venezuela Merida Andes, Permo-Carboniferous. Here described: Loc. USNM
705f:1, undivided Gaptank Formation; 701e:2, 701v:1, 705j:1, Gaptank Formation, Uddenites-
bearing member, Lower Wolfcampian; 720b:13, Hueco Formation, Upper Wolfcampian.

Lophophyllidium (Lophophyllidium) plummeri JEFFORDS, 1947
(fig. 42: 1—5; pl. 11:14)

1921. Lophophyllum profundum PLUMMER and MOORE non EDWARDs and HAIME; F. B. PLUMMER and R. C. MOORE,
p. 147, pl. 20:1, 2, 4, S.
1947. Lophophyllidium plummeri JEFFoRDS; R. M. JEFFORDS, p. 33, figs. 1, 5, 6; pls. 5:4; 7:2, 6, 7; 9:3—7; 10:2, 3;
11:1, 2, 5, 6.
? 1962. Lophophyllidium .cf. vidriensis Ross and Ross; C. A. Ross and J. P. Ross, p. 1184, pl. 163:6.
1963. Lophophyllidium solidum Ross and Ross; J. P. Ross and C. A. Ross, pl. 48:9; non Ross and Ross, 1962,
non 1982. Lophophyllidium plummeri JeFForDs; Wu, W, S. and Zuou, K. J., p. 222, pl. 2:22, 23.

Material. — Three incomplete specimens having well preserved internal structures and two
specimens of Ross and Ross (1962, 1963).

Some characteristics of representative corallites (in mm):

USNM . d rati Thickness of
cat. nos. ‘ n: d ratio septotheca
139773 30:16.3x15.7 2.5
196897 28:16.5x16.5 2.5
196896 34:26.5x22.2 4.5

Diagnosis. — Lophophyllidium (Lophophyllidium) having maximum n:d ratio at calice
floor 34:24.5; compact columella incorporating many short septal lamellae in growth layers;
septotheca moderately to very thick; symmetry radial; major septa rhopaloid.

Description. — Although the original description is fairly complete (JEFFORDS 1947:33, 34),
the following description of the well preserved specimen is included to emphasize some extreme
characteristics of the species, which may eventually be considered adequate for a new specific
identification of such corals.

In the on*ogenetically youngest preserved part of the corallite (fig. 42:1a), the thick, elongated
columella is already well developed and conta‘ns a few septal lamellae. The counter septum
joins the columella slightly laterally, and the middle lines of these two structures are separated.
The several major sep.a are thickened to the lateral contiguity, except for the periphery of the
corallite, where open intersep:al loculi occur. The card'nal septum is longer than two pairs
of the neighbouring major septa, but it does not reach the columella. The presence of the minor
sep:a is uncer:a'n, because the external surface is dissolved.

In the early ephebic portion of growth (fig. 42:1b, ¢), the columella is very thick showing
the “Khmerophyllum” — kind of morphology, i. e. con‘an’'ng many short sep:al lamellae
arranged concen‘rically in accordance to the growth layers (not marked on the picture). The
major sepia are rhopaloid and differentiated in length and in thickness. The shortened cardinal




Fig. 42.
Lophophyllidium (Lophophyllidium) plummeri JEFFORDS, 1947, Transverse sections. 1. Specimen USNM 196896. Locality
USNM 706x%, Neal Ranch Formation; a — late neanic/early ephebic stage having dense stereoplasmic infillings, x 7,
b, ¢ — ephebic stage, x 3.5; d — lower part of calice, x2.1. 2. Specimen USNM 196897. Locality and horizon as above.
a — late neanic/early ephebic stage, x7; b, c-— ephebic stage, x3.5; d — Jower part of calice having shallow lateral
rejuvenation, x3.5. 3. Specimen USNM 139773 ( = L. solidumn Ross and Ross, 1963, pl. 48:9). Gaptank Formaiion,
Uddenites-bearing member; a — early ephebic stage, x 7; b — ephebic stage x 3.5. 4. Specimen USNM 120853 ( = Lo-
phophyllum profundum M.-Epwarps and HaiME, of GIRTY, 1915, pl. 2:1). Locality described as Station 2005, Oklahoma,
Wewoka quadrangle, Wewoka Formation. Lower part of calice, x 3.5. 5, Specimen USNM 139742 ( = Lophophyllidium
cf. L. vidriensis Ross and Ross, 1962, pl. 163:6). Locality USNM 702 h, Neal Ranch Formation; a, b — ephebicstage, x 3.5.
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septum and the underdeveloped last pair of the major septa of the cardinal quadrants made the
cardinal fossula crowded and inconspicuous. The counter septum remains in contact with the
columella. The interrelation of these two elements and separation of their middle lines indicate
the separate and independent growth of both these structures. The minor septa are already
well developed, but the thick septotheca, characteristic of more advanced growth, is not yet
present.

in the late maturity (fig. 42:1d; pl. 11:14), the major septa, distinctly rhopaloid and diffez-
entiated in length, come close to the columella, but only the counter septum joins its periphery.
The slightly shortened cardinal septum is located in the hardly distinguishable, narrow, triangular
cardinal fossula. The minor septa, reaching approximately one half the length of the major
ones, are laterally contiguous with the latter to form a thick septotheca. They penetrate the
corallite lumen only a little. The almost circular columella retains its “Khmerophyllum” — like
morphology. The external, thickest layer of its growth is purely fibrous here (pl. 11:14).

In the middle of the calice, the columella remains circular in the outline, but the septal
lamellae are elongated, extending almost the entire distance between the medial lamella and the
periphery of the columella. The major septa are strongly differentiated in length and in thickness.
The long ones remain rhopaloid, while the short ones are thin. The slightly reduced length and
strongly reduced thickness of the counter septum, free from the columella, is notable. The axial
ends of the minor septa are free.

Individual variation. — In spite of the small number of specimens discussed in this paper,
they show variants similar to the type specimen on one hand (fig. 42:3a, b) and being different
in several details from all other specimens of the species under consideration on the other.
A single specimen from the same bed as that described above in detail (fig. 42:2a—d)
differs from the latter and from all other specimens of this species in having the cardinal septum
long up to the calice floor and only slightly shortened in the calice. The counter septum remains
in contact with the columella up to the calice, which is in agieement with the morphology of
the type material, but differs from other corallites of the collection here described. The latter
have the counter septum tending to shorten a little just above the calice floor. The thickness
of the septotheca increases in the geologically younger specimens, being the thickest in the
corallite described above in detail (fig. 42:14).

The corallite identified by Ross and Ross (1962) as L. cf. vidriensis (fig. 42:5a, b) was con-
ditionally transferred here to L. plummeri. It differs from other corallites of this species in having
the columella wavy in outline and composed of long, not numerous lamellae and in having
the minor septa free in the corallite lumen. Scctions of tabulae connected to one side of some of
these septa indicate the unewen positions of peripheral parts of tabulae in these lumina.

Remarks. — JEFFORDS (1947:34) briefly discussed the difference between L. plummeri and
his other new species L. wewokanum from the Desmoinesian of Oklahoma. The distinguishing
characters he mentioned, i. e. the more elongated shape, fewer septa, and thicker cardinal
sepium in L. plummeri, will not make any substantial difference between these two groups of
corals if the bilateral symmetry and different morphology of the columella in L. wewokanum
were not considered. Even with the latter two distinguishing characters, the species discussed
are morphologically very similar and hardly distinguishable from each other. Also, the Morrowan
or Atokan L. eastoni MoORE and JEFFOrRDS, 1945 from Arkansas exhibits several similarities
to L. plummeri in the morphology and thickness of the major septa, and ihe large columella.
The main differences between these two species are in the morphology of the columella, built
of superimposed layers of stercoplasm in. L. eastoni, and in much shorier and nonrhopaloid
major septa in that species. ' '

Several characteristics of L. plummeri, and especially the radial arrangemeni of septa, the
thick septotheca, and the very strong columella, are common to L. (Lophbillidium) magnoco-
Iumnare sp. n. The main distinguishing characters, in addition to the biform tabularium in the
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latter species, are: the long minor septa, the internal morphology of the columella, the long
cardinal septum, and the concave axial tabularium.

Lophophyllidium plummeriof Wu and Znou (1982) from the Asselian of China is here excluded
from this species because of its short, nonrhopaloid major septa, thin external wall, and unknown
morphology of the columella.

Occurrence. — Previous descriptions: Texas, Upper Graham Group, Middle Cisco (Virgi-
lian) series; USNM 701p:1 Gaptank Formation, Uddenites-bearing member; 2 USNM 702h:1,
Neal Ranch Formation. Here described: USNM 706x:2, 712z:1, Neal Ranch Formation,
Lower Wolfcampian.

Lophophyllidium (Lophophyllidium) wewokanum JEFFORDS, 1947

(fig. 43:1—4; pls. 12:17, 14:1, 2, 3, 6, 9)

e. p. 1915. Lophophyllum profundum Girty, non Epwarps and HamMg, 1851; G. H. Girty, p. 19.
1947. Lophophyllidium wewokanum JEFrorDS; R. M. JEFFORDS, p. 24, figs. S, 6; pls. 4:4—7; 7:5; 10:4, 5; 11:3.
1947. Lophophyllidium coniforme JEFFORDS; R. M. JEFFORDS, p. 28, figs. 1, 2, 4, 6; pls. 5:3, 5; 6:1—9; 7:1; 8:1; 11:4.
e. p. 1962. Lophophyllidium solidum Ross and Ross; C. A. Ross and J. P. Ross, p. 1182,

Material. — Six specimens having proximal ends and the internal morphology fairly well
preserved, but without calices. A single corallitt USNM 139784 included in L. solidum Ross
and Ross, 1962 but not mentioned by those authors, was transferred here to the species discussed.

Diagnosis. — Bilateral Lophophyllidium having maximum n:d ratio at base of calice 32:16.5;
cardinal septum very short in mature region; columella elongated, incorporates few lamellae;
major septa thick, slightly rhopaloid; minor septa short.

Remarks. — JEFFORDS (1947:24—26) noted early shortening of the cardinal septum in
ontogeny and separation of the columella from the counter septum in both his species synonym-
ized in this paper. These characters, clearly shown in drawings on pl. 4:4—7, of that author
(L. wewokanum), are much less obvious in L. coniforme (compare JEFFORDS 1947, pl. 6) and
are not seen on the photographs of either of these species (JEFFORDs 1947, pls. 7:1,5; 11:3, 4),
at least as far as the second of these characters is concerned. Also the specimens of the type
collections of both species reexamined are rather variable in these characters. Such a variability
prompted the synonymy above on one hand and identification of the specimens here discussed
as L. wewokanum on the other. However, the cardinal septum is invariably long in early ontogeny
of these corals (fig. 43:1a—c, 4a) and the counter septum meets the columella directly with the
middle lines of these structures commonly united (pl. 14:1b, ¢, 2, 3, 6a). These extreme charac-
ters, together with larger dimensions, may result in future separation of such corallites as a new
species. In addition to the characters mentioned, the specimens discussed in this paper differ
from each other in the following minor characters: the columella may be monoseptal up to
early maturity (pl. 14:2) only in the neanic stage (pl. 14:6a, b), or may incorporate some septal
lamellae as early as this stage (pl. 14:1a); it is always elongated and most commonly solid,
but a single specimen shows its perforation in some sections of the mature part of growth
(pl. 14:1Db), also the differentiation in length of the major septa and their rhopaloid character
may be moie or less clearly demonstrated (pl. 14; figs. 1b, ¢, 2, 6a).

From the GrTY’s (1915) collection, I was able to restudy only two specimens, illustrated by
that author on pl 2:1, 6 and identified by him as Lophophyllum profundum EpwARDS and
HAME, 1851. Only one of them (fig. 43:2 in this paper) shows all characters attributed to L.
wewokanum by JEFFORDs (1947) and resembles closely both the type collection and the specimens
here described. The second one with radial symmetry and nonrhopaloid or very weakly rhopaloid
major septa and free, rounded, complex columella composed of few radially arranged, long
lamellae, is different. Both of GIRTY’s specimens have comparatively thick septotheca. The
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Fig. 43.
Lophophyllidium (Lophophyllidium) wewokanum JEFFORDS, 1947. Transverse sections. 1. Specimen USNM 196898. Locality
USNM 701u, Gaptank Formation, Uddenites bearing member; a — early neanic stage, x 10; b — late neanic stage,
x 5; ¢ — late neanic/early ephebic stage, x 5; d, e — ephebic stage, x 3. 2. Specimen USNM 120858 ( = Lophophyllum
profundum M.-Epwarps and HAIME of GIrTY, 1915, pl. 2:6). Locality described as Station 2006, Oklahoma, Wewoka
quadrangle, Wewoka Formation. Ephebic stage, x3. 3. Specimen USNM 196899. Locality USNM 701u, Gaptank
Formation, Uddenites bearing member; a — late neanic/early ephebic stage, x5; b—lower part of calice, x3.

morphology of the second one is more similar to that of L. plummeri JEFFORDS, 1947, except
for the morphology of the columella and the nonrhopaloid major septa.

The obvious similarity of L. wewokanum to L. plummeri JEFFORDS, 1947 is discussed together
with the latter. L. magnificum Jerrorps, 1942 from Desmoinesian of Oklahoma, similar to
L. wewokanum in the bilateral arrangement of major septa and the morphology of the columella,
differs from it in having the counter septum shortened in the calice, the external wall thin, the
minor septa long in maturity, the major septa thin, and the stereocolumn disappearing early
in ontogeny.

Occurrence, — Previous descriptions: Oklahoma, Wewoka Formation, Desmoinesian;
Oklahoma, Kansas, Lansing and Pedee groups, Missourian; Texas, USNM 701 p:1, Gaptank
Formation, Uddenites-bearing member. Here described: USNM 701u:2 Gaptank Formation,
Uddenites-bearing member; 705f:2 Gaptank Formation, with Triticites joensis Thompson,
possibly Virgilian; ? 708n:1 Gaptank Formation with Triticites burgessae Burma, possibly
Virgilian;? 706x:1, Neal Ranch Formation.

Lophophyllidium (Lophophyllidium) cf. confertum JEFFORDS, 1942
(fig. 44:5—7; pl. 14:5, 8)

e. p. 1915. Lophophyllum distortum WorRTHEN; G. H. GIRTY, p. 318; fig. 37:5 in this paper.
e. p. 1962. Lophophyllidium solidum Ross and Ross; C. A. Ross and J. P. Ross, p. 1182.

Material. — Six slightly silicified specimens. Most of them have proximal ends and calice
floors preserved. External surfaces often a little abraded. Internal structure well preserved.
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A single nonillustrated specimen USNM 139740 identified by Ross and Ross (1962) as L.
solidum is here transferred to group of specimens discussed.

N:d ratio at calice floor (in mm):

USNM .
cat. nos. n:d ratio
196904 32:00.1x 9.1
196905 31:11.0x 10.2
139740 30:11.2x10.4
196906 29:10.7x 7.7

Description. — The specimens are horn-shaped, with the cardinal septum located either
strictly on their convex side or slightly laterally. The corallite surface, if well preserved, bears
distinct septal furrows. In the single well preserved corallite the furrows adjacent to the cardinal
septum are especially well developed. Small attachment flattenings are present at apical regions
of some specimens. The arrangement of major septa is bilateral, but the outline of the corallites

Fig. 44.
Lophophyliidium (Lophophyllidium) skinneri Ross and Ross, 1962. Transverse sections. |. Specimen USNM 139744 ( = Ross
and Ross, 1962, pl. 162:18). Locality USNM 705ca, Lenox Hills Formation; a — late neanic (?) siagc; b — early ephebic
stage. Both, x 5. 2. Specimen USNM 139745 ( = Ross and Ross, 1962, pl. 162:19). Locality and horizon as above. Early
ephebic stage, x 5. 3. Specimen USNM 139746 ( = Ross and Ross, 1962, pl. 162:17). Locality and horizon as above:
a — late neanic stage; b — early ephebic stage. Both, x 5. 4. Specimen USNM 196903. Locality USNM 702t, Neal Ranch
Formation, ephebic stage, x 5. Lophophyllidium (Lophophyllidium) cf. conferrum JEFForps, 1942, 5. Specimen USNM
139740 ( = L. solidum Ross and Ross, 1962, unillustrated). Locality USNM 705v, Gaptank Formation, uppermost shale
of Uddenites bearing member ; a—c — cross sections, early to late ephebic stage, x 3. 6. Specimen USNM 196906. Locality
USNM 705f, Gaptank Formation, undivided; a, b — transverse sections, early and late ephebic stage, x 3; ¢ — longi-
tudinal section, x 3. 7. Specimen USNM 196905. Locality and horizon as above. Transverse sections; a, b, — neanic
stage, x 10: ¢ — ephebic stage, x3.
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is only slightly elongated in the cardinal-counter septa plan-(pl. 14:5, 8c). The major septa
in the transverse sections made just beneath a calice floor (fig. 44:6b, 7c; pl. 14:8c¢) are long,
distinctly rhopaloid, and differentiated in length. Some of them reach or come very close to the
elongated, monoseptal, more or less thickened columella, directly united with the elongated
counter septum, Middle lines of these structures are mostly united. The thin cardinal septum
crosses approximately one half or less of the narrow, triangular cardinal fossula bordered by
two pairs of successively shorter major septa (fig. 44:5b, ¢, 7¢). The minor septa are not seen
even in the structure of the external wall, but their furrows are as distinct as those of the major
septa. The early growth stage (fig. 44:7a, b; pl. 14:8a, b) is typical for the genus and will not be
described in detail.

Remarks. — The group of corals discussed has not becn described as an independent species
for the reasons mentioned in the discussion of the genus and because of being represented by
too few specimens, derived in majority from locality, whose exact stratigraphic position is a little
doubtful. They differ from L. confertum JEFFORDS, 1942 first of all in n:d ratio, having a much
larger number of septa at a given diameter of corallites. Less rhopaloid or nonrhopaloid major
septa in maturity and much better developed minor septa are additional differences.

L. skinneri Ross and Ross, 1962, represented in the original collection by seven immature
and badly preserved corallites differentiated in morphology, is a doubtful taxon, rather difficult
to use. The existing thin section of the uppermost part of the holotype, schematically drawn
by Ross and Ross (1962, fig. 10, right specimen) showing similar character and the arrangement
of the major septa, to the specimens discussed, differs from them in having a long cardinal septum,
distinct minor septa, and a different n: d ratio.

Occurrence. — USNM loc. 705j:1, Gaptank Formation, Uddenites-bearing member;
705F:5, Gaptank Formation, beds with Triticites joensis Thompson, possibly Virgilian.

Lophophyllidium (Lophophyllidium) skinneri Ross and Ross, 1962
(fig. 44:1—4; pl. 14:4, 7)

1962. Lophophyllidium skinneri Ross and Ross; C. A. Ross and J. P. Ross, p. 1184, fig. 10; pl. 162:17—20.

Remarks. — The specimens grouped by Ross and Ross (1962) under the common specific
name are all rather poorly preserved and possibly immature specimens. I located all five paratypes
in the collection but I did not found the holotype. The existing specimens differ in morphology
from each other (fig. 44:1—3, pl. 14:4) and from the piciure of the holotype (Ross and Ross,
1962, fig. 10). Two of them are partly destroyed and were not illustrated.

From the collection under study there was only a single specimen (fig. 44:4; pl. 14:7)
that can be compared to the picture of the holotype. It was temporarily included in this species
because it can not be located in any other taxonomic unit. With all this, the “species” discussed
should be treated as a temporary, artificial taxon, net recommended for use until its true character-
istics are established on well preserved and adequately studied topotype material.

Occurrence. — Previous description: Texas, USNM 705ca, Lenox Hills Formation. Here
described: USNM 702t:1, Neal Ranch Formation, Lower Wolfcampian.

Lophophyllidium (Lophophyllidium) sp.
(pl. 14:13a—<)

Material. — A single, almost complete corallite having n:d ratio at the calice margin 24:7,6.
Description. — The corallite is ceratoid, nearly cylindrical in shape, with an almosi smooth
external surface. The calice margin bears equally developed foundations of major and minor
septa. The minor septa are not distinct, but they appear in the corallite lumen fairly ‘early
in ontogeny (pl. 14:13a). The major septa in the upper portion of the calice are radially arranged,



TABLE 9

Morphologically-comparative table of species of the subgenus Lophbillidium FEDOROWSKI, 1986 described in this paper

. Shape of Major Minor Cardinal Counter . .
Name of species calice septa septa septum septum Columella Tabularium N:d ratio
Lophbillidum 1/2—1/4 of | Straight,smooth, thick,| In calice free, | As long as | Keep contact with | May incorporate In Position I tabu- 16:5.5 to
cyathaxoniaforme sp. n. corallite equal in length; in | beneath reach other major | columella up to | 1—2 lamellae, lae densely spaced, 19:7.1
length, nar- | calice free, beneath | inner ends of | septa lower part of calice; | thick, wavy in out- | downsloping; in II
row, crawded| reach columella major septa; often thickened line, very high steeply uprising
contratingent
Lophbillidium As above, In calices ab- Monoseptal, thick, | Biformity hardiyre-| 15:7.2 to
erugum Sp. n. but minor ? sent; beneath » ” rounded in outline | cognizable; tabulae 17:5.2
septa absent may occasion- nearly horizontal in
ally occur axial portions
Lophbillidium 1/2—1/3 of | Straight, smooth, thick, | In calice free; | Varies in Often thicker than | Incorporates 1 to | Biformity weakly
magnocolumnare sp. n. corallite slightly elongated on | in maturity of- | length; may | other septa; com- | several lamellae, developed; axial 21:9.2 to
length, fair- | calice floor; beneath | ten short; in | be slightly | monly reach colum- | wavy in outline, | parts of tabulae 30:19.0
ly crawded | rhopaloid, almost neanic stage shortened ella laterally very high concave
reach columella contratingent
Lophbillidium sp. 1 ? Thin, radially arran- | Short, free Slightly Either free or rea- | Wavy in outline, | In Position I tabu-
ged; some slightly rho- shortened ches only surface | incorporatesseveral | lae horizontal;inll | 24:10.5 to
paloid; do not reach of columella coarse lamellae steeply uprising 30:13.5
columella
Lophbillidium? sp. 2 1/2—1/4 ? | Incaliceelongated only Shortened; | Thicker than other | Incorporates many, | Biformity indistinct
of corallite | on floor; beneath dif- ” intriangular | major septa; reach | mainly very short | (absent?). Tabular | 24:8.5 to
length, fair- | ferentiated in length; fossula columella, often lamellae; almost cir- | cardinal fossulaoc- | 25:9.2

ly empty

some slightly rhopaloid

laterally

cular in outline

cur
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almost equal in length with the slightly elongated counter septum. This elongation is more
distinct lower in the calice where the arrangement of the major septa is nearly pinnate. The
cardinal septum is not shortened either in the calice or beneath it (pl. 14:13¢), but the cardinal
tabular fossula may be distinguished in the last portion of growth mentioned due to the arrange-
ment of sections of tabulae. The arrangement of major septa is radial in this part of the specimen.
A true columella is not formed, but the counter septum, slightly thickened axially, is elongated
so as to almost reach the cardinal septum. In the early growth stage (pl. 14:13a, b), the cardinal,
counter and, on the earliest growth stage, also the alar septa are united by their middle lines.
The counter septum is slightly thicker than other major septa.

Remarks. — The arrangement of the major septa in early ontogeny and the long-lasting
union of the cardinal and counter septa are not typical for Lophophyllidium. This is also true
for the permanently long cardinal septum and the smooth external surface of the corallite.

Occurrence. — USNM 721:1, Lower Hueco Formation, Wolfcampian.

Subgenus L. (Lophbillidium) FEDOROWSKI, 1986
Type species: Lophophyllidium elongatum Wang, 1947

Diagnosis. — Like Lophophyllidium but with biform tabularium, after FEDOROWSKI, 1986.

Remarks. — The American species described in this paper from two extremities as compared
to the Timor Island species. L. (L.) cyathaxoniaforme sp. n. developed extraordinarily long
minor septa, while L. (L.) erugum sp. n. reduced them completely from the corallite lumen,
resembling several species of the nominative subgenus.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n.
(figs. 45, 46; pls. 15:3, 4, 7—9, 11—18; 16:1, 2, 4—6)
Holotype: Specimen USNM 196912, fig. 45:1a—d; pl. 16:5a, b.
Type locality: USNM 7221.

Type horizon: Skinner Ranch Formation, Sullivan Peak member.
Derivation of the name: after superficial similarity to the genus Cyathaxonia MICHELIN, 1846.

Material. — Over 60 more or less deeply silicified corallites, many of them with calices
and/or proximal ends preserved. Internal structures entirely or in part calcitic.

N:d ratio of representative corallites (in mm):

USNM .
cat. nos. N:d ratio Remarks
196917 16:5.5 calice margin ’

» 14:4.5 just beneath calice
196921 16:7.0 calice margin

» 16:6.0 , floor
196926 16:8.8 » »
196912 17:6.5 » »
196919 17:6.5 ,» margin

' 16:5.5 , foor
196914 17:6.6 , margin

" 17:6.0 ,» floor
196930 17:6.7 » Imargin

" 16:5.5 , floor
196915 19:7.1 ,» argin

» 18:6.3 ,» floor

’ 17:5.3 just beneath calice



Fig. 45.
Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. 1. Specimen USNM 196912. Holotype. Locality USNM 7221,
Skinner Ranch Formation, Sullivan Peak member; a — transverse section, early ephebic stage; b, ¢ — transverse sections,
ephebic stage, d — longitudinal section. All, x10. 2, Specimen USNM 196913. Locality USNM 720f. Lower Skinner
Ranch Formation; a—c — transverse sections, early to late ephebic stage, x 10. 3. Specimen USNM 196914, Locality
USNM 7221, Skinner Ranch Formation, Sullivan Peak member. Transverse sections; a, b — ephebic stage; ¢ — just
above calice floor. All x 5. 4. Specimen USNM 196915. Locality and horizon as above. Transverse sections; a—d — early
to late neanic stage; e—h — late neanic/early ephebic stage; i — ephebic stage. All, x10.
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Fig. 46.
Lophophyllidium E(Lophbi//idium) cyathaxoniaforme sp. n. 1. Specimen USNM 196916. Localily USNM 7221, Skinner
Ranch Formation, Sullivan Peak member. Slightly schematized transverse section, ephebic stage, x 10. 2. Specimen USNM
196917. Locality and horizon as above; a, b — transverse sections, ephebic stage, x 10. 3. Specimen USNM 196918.
Locality and horizon as above; a, b — transverse sections, ephebic stage, % 10. 4. Specimen USNM 196919. Locality
and horizon as above. Transverse section, ephebic stage, x 10.

Diagnosis. — Lophophyllidium (Lophbillidium) having typical n:d ratio 16:5.5 to 17:6.6 at
calice margin; major septa long, reaching large columella; cardinal septum not shortened;
minor septa long, contratingent.

Description of the holotype — The calice of the specimen was broken away in its upper
portion. The morphology of the almost cylindrical, mature part of the corallite does not change
in any important detail (fig. 45:1b, c: pl. 16:5a). Major septa are all long and, except for the
counter septum, are almost equal in thickness, possessing a peripheral septotheca forming wid-
ened portions. Most of them are in contact with the columella, but none penetrates its interior.
The cardinal septum is distinguishable only by the arrangement of the minor septa. The latter
are contratingent, very long, reaching the major septa near the ends of the latter. Some of them
are so long as to reach the columella. The latter is very large, almost circular in the outline. Its
microstructure is similar to that of the genus Cyathaxonia MICHELIN, 1846, i. e. it shows only
a short middle line outlined by concentric growth lines (pl. 16:5a). In a single section of the
corallite (pl. 16:5b), two short septal lamellae are seen in its innermost part. The microstructure
described suggests the half-independent growth of the columella, and indeed, the middle line
of the counter septum ends at the boundary of the columella (pl. 16:5b, lower). Observations
in calices (see below) explained such a relation clearly.

In the ontogenetically youngest known portion of the corallite (fig. 45:14a). the simple colu-
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mella is oval in shape. The major septa reach it directly as in the mature portion, but the minor
septa are differentiated in length, with several being comparatively short.

The arrangement of tabulae in the longitudinal section is clearly biform. In Position I,
all tabellae are fairly densely but regularly spaced and are directed obliquely downwards (fig,
45:1d, right side). Tabulae in Position II are directed obliquely upwards, sometimes very steeply.
The columella shows steeply domed, abaxial growth lines (fig. 45:1d).

External characters of specimens. — Corallites are elongated, commonly slightly curved,
sometimes horn-shaped or irregular. External surfaces of the well preserved corallites are almost
smooth, with very delicate growth striae (pl. 15: 18a). Septal furrows are hardly seen or absent.
Most of the corallites possess attachment processes developed on the concave side. They may
last for as long as up to 2/3 of a corallite growth. Strongtalons or larger attachment surfaces
are not present except for the lowermost parts of some young specimens. Calices of the more
completely developed corallites are 10—14 mm deep, occupying 1/2—1/4 of the corallite length.
The calice margins are externally smooth. The inner marginal zone of them, 1.2—2.0 mm wide,
is occupied by the regular, almost hemisphaerical, densely packed foundations of indistinguishable
major and minor septa (pl. 15: 12a, 15a, 18b). Along the next 1—2 mm of depth of calices,
i. e. in their intermediate zone, the foundations of septa became laterally flattened and differ-
entiated in length into major and minor septa. The latter became successively but slightly, elong-
ated and inclined towards the major septa near the calice floor, to become eventually contra-
tingent (pl. 15:14b). The major septa possess their inner margin oblique in the intermediate
zone of calices and almost vertical in their inner zone. All of them but the counter septum
are equal in length, coming very close to or joining the columella without being incorporated
in the latter. The counter septum keeps dircct contact with the columella much longer than other
major septa (pl. 15:12a), which is then reflected by a common outline of both these structural
elements in the transverse section (pl. 16:1a, b). Individual parts of a columella differ in shape.
Those completely developed, i. e. located deeper in calices and met by counter septa, are thick,
rod-like and sometimes wavy in outline (pls. 15:12a, 18b; 16:1a, 4a, 5b). Their upper parts
may sometimes be flattened in the cardinal-counter septa plane. In most of the corallites observed,
the columellae protruded up to the intermediate zones of calices, but in some they are restricted
to their deeper parts. In the latter case they are also thinner and may be considered either
underdeveloped (pl. 15:7a, b, 8, 9a, b) or rudimentary because they were thick in earlier growth
stages (fig. 45:4a—i).

Ontogeny. — The ontogenetically youngest corallite present within the collection possesses
the n:d ratio of 12:2.2 at the calice margin (pl. 15:3a). The calice occupies more than 1/3 of
the corallite length. Its morphology is slightly deformed due to lateral curvature of the corallite
and its attachment to another corallite (pl. 15:3b, upper small corallite). The elongated cardinal
septum reaches the counter septum that already formed an incipient stage of columella. The
counter-lateral major septa are slightly shorter than the other major septa in counter quadrants.
In the cardinal quadrants, the pair of major septa adjacent to the caidinal septum is under-
developed. The minor septa not yet fully developed, are seen only in some loculi. The morphology
described corresponds with the stage of growth illustrated on fig. 45:4e, f, except for the thickness
of the counter septum. The morphology of only a little larger specimen with: n:d ratio at the
calice margin 11:2.6 (pl. 15:7a, b) is characterized by a well developed columella and minor
septa seen in all septal Joculi. Several of them are already contratingent at the calice floor. The
development of the columella may vary, however (pl. 16:16a). Further ontogeny, different in
small details, leads towards an increase of height and thickness of the columella and an elongation
of the minor septa.

Deeply silicified tips restricted investigation of ontogeny in sections, but serial thin sections
of the best preserved specimen (fig. 45:4a—i) confirms observations in calices. The zaphrentoid
early ontogeny, with minor septa absent from the corallite lumen, is of the kind observed in the
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type species of Lophbillidium (FEDOROWSKI, 1986 : 214). The columella is formed by the counter
septum that began to dominate in thickness first (fig. 45:4d) and then became rhopaloid (fig.
45: 4e—h). The cardinal septum remains in touch with that rhopaloid end of the counter septum.
The minor septa appeared in the corallite lumen fairly late in ontogeny and are at first present
in some loculi only (fig. 45:4¢). Their length increases in the course of growth of the corallite
up to the length of major septa in some loculi (fig. 45:4f—i).

Individual variability. — The species described is rather constant in its diagnostic characters
(figs. 45:2—4; 46:1—4). Only two corallites differ more distinctly from the average as far as
either the diameter or the number of septa is concerned (see table). Most of specimens are in
this respect very close to one another. Small differences in length of major septa, that may
not reach the columella in some specimens (fig 45:2b; pl. 16:1b, 6¢), is often only temporary
(pl. 16:1a, b). Rare specimens have minor septa slightly shortened in the upper portions of
growth (fig. 45: 3D, c). Shape of the columella is individualized, but it is only seldom and tempo-
rarily elongated (fig. 46:4; pl. 16:2, 6b, c). In rare cases, it may incorporate 1—2 short septal
lamellae (pl. 16: 5b, 6b, ¢). Much more commonly, the individual calcitic fibres grew peripher-
ally from the common centre of calcification or from short medial lamella (pl. 16:2, 4a, b,
5a, 7). The more or less distinct elevation of columellae in calices is the next small individual
variant (pl. 15:4a, 8, 9b, 11b, 12a, 13, 15a, 16a, 18Db).

Remarks. — The long, contratingent minor septa clearly separate the new species from all
the described species of this genus and subgenus. Only the short-septal variant mentioned above
exhibits some similarity to the Timor Island species. It may be at the same time indicative of
the close relation of L. (L.) cyathaxoniaforme sp. n. and L. (L.) erugum sp. n. The rounded
columella, exposed high in calices.is one of the most spectacular characters in common for all
species of Lophbillidium described so far. The striking similarity of the mature portions of speci-
mens of the species described to the genus Cyathaxonia MICHELIN, 1846 suggests searching for
the related species among the taxa described from the Upper Carboniferous and Permian under
the latter name and not fully investigated.

Occurrence. — USNM 721:2, Hueco Formation, 707b:4, 707d:4, 7221:53, 727f:9, Skinner
Ranch Formation, Sullivan Peak member, Upper Wolfcampian.

Lophophyllidium (Lophbillidium) erugum sp. n.
(fig. 47; pls. 15:5, 6, 10; 16:3; 17:1—4)

Holotype: Specimen USNM 196931, fig. 47:1a—<; pls. 16:3a, b; 17:1a, b.

Type locality: USNM 7221,

Type horizon: Skinner Ranch Formation, Sullivan Peak member, Upper Wolfcampian.
Derivation of name: lat. erugo — to smooth — after smooth septal loculi between major septa.

Material. — 13 silicified corallites, only 4 of which are mature. Majority of corallites are
incomplete, but calices are often preserved at least in part.

N:d ratio of representative specimens (in mm):

USNM

cat. nos. n: d ratio Remarks
196931 17:5.2 calice margin
196938 16:5.5 » »
196937 15:7.2 ” »

Diagnosis. — Lophbillidium having typical n: d ratio 17:5.2 and minor septa absent in corallite
lumen and calice margin.

9 — Paleontologia Polonica 48
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Description of the holotype. — The specimen is horn-shaped, with the attachment surface
developed approximately 3 mm above the apex (pl. 17:16). The epitheca is damaged, and only
the deepest narrowings are seen on the corallite surface. The deep calice occupies over 1/3
of the corallite length. Its fragmentary preserved, narrow inner margin bears only wide and
flat foundations of major septa (pl. 17:1a, left side). Minor septa are weakly developed in some
loculi of the inner zone of the calice (pl. 17:1a, lower part). They are never prominent or contra-
tingent. The columella protrudes to the marginal zone of the calice. The radially arranged blades
of major septa that started close to the calice margin are oblique in the intermediate and vertical
in the inner zone of the calice, having their inner ridges smooh and coming close to the columella.

Fig. 47.
Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196931. Holotype. Locality USNM 7221. Skinner
Ranch Formation, Sullivan Peak member. Transverse sections; a, b — ephebic stage; columella incorporates a few septal
lamellae in its younger portion; ¢ — neanic stage. All, x 10,

In the transverse section made just beneath the calice (fig. 47:1a), almost all major septa
are equally long, reaching the large, monoseptal columella, which is circular in the outline.
The cardinal septum is indistinguichable by length, but its position is marked by the under-
developed last pair of major septa of the cardinal quadrants. Also, the last pair of the major
septa of the counter quadrants is underdeveloped. The counter septum is a little thicker than
other major septa. Short, free minor septa are present in one or iwo septal loculi. The onto-
genetically slightly younger section (fig. 47:1b; pl. 16:3a) shows a similar morphology, except
for an absence of the underdeveloped minor septa that have not yet been inserted. The irregular
columella may contain a few short septal lamellae (pl. 16:3b). The youngest part of the corallite
preserved, 1.8 mm in the maximum diameter, shows 10 major septa. The arrangement of them
is zaphrentoid, with six septa united in the periaxial part of the corallite (fig. 47:1 ¢, schematized).

A longitudinal section was not prepared either from the holotype or from paratypes. The
partly broken specimen (pl. 15:10) shows tabulae almost regularly spaced, rising obliquely
upwards in their peripheral parts and nearly horizontal axially. A possible presence of the biform
tabularium can be read from the arrangement of tabulae in the peripheral part of the cross
section of the holotype (pl. 16:3a). A biform differeniiation of them may be only slight, which is
also the case observed in o’her genera of the short septal species (e. g. P. (Vacoea) amplexoides
sp. n.). The biformity of the tabularium is best seen on the rejuvenated floor of the calice of
ano‘her specimen (pl. 15:5).

Individual variation. — The species discussed is rather constant in morphology, although
dimensions of individual mature corallites and their n: d ratios differ to some extent (see table).
Larger or smaller columellae and their higher or lower protuberance in calices (pls. 15:5, 6;
17:3, 4); major septa slightly more or less elongated in calices; and the larger or smaller number
of minor septa seen in the individual corallite lumens beneath calices are the main differences
observed. None of them influenced strongly the general morphology of corallites. Also, calices
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of the mature corallites (e. g. pl. 17:4), and especially the morphology of their margins, do not
differ from that in the holotype. The small calices (e. g. pls. 15:6; 17:3) are mosphologically
very similar to the larger ones, although their dimensions and number of septa indicate their
immature stage of development.

Remarks. — Only a single character separates the species discussed from L. (L.) cyathaxonia-
forme sp. 1., i. e. the underdeveloped minor septa. This difference appears early in ontogeny, is
constant, and concerns not only the floors of calices, but also their margins. Absence of founda-
tions of minor septa in that part of a calice is very rare in the Rugosa in the collection under
discussion and should thus be considered important. Also, the species from Timor Island al-
though not so long-septal as L. (L.) cyathaxoniaforme sp. n., have minor septa always well
developed. Much weaker accentuation of biformity of the tabularium is only a natural conse-
quence of the underdevelopment of the minor septa.

Occurrence. — USNM 7221:12, Skinner Ranch Formation, Sullivan Peak member; 725¢:1
Lower Bone Spring Formation, ? 721A:1 Hueco Formation, Upper Wolfcampian.

Lophophyllidium (Lophbillidium) magnocolumnare sp. n.
fig. 48; pls. 17:5—9, 11; 18:1-—5

Holotype: Specimen USNM 196939, 48:1a—h; pls. 17:5a, b; 18:5a—.
Type locality: USNM 705a.

Type horizon: Scacchinella Zou=, Lower Skinner Ranch Formation.
Derivation of the name: after very large columella.

Material. — More than 50 silicified specimens. Calices are commonly preserved, although
some septa are damaged in several of them. The proximal ends are always coarsly silicified when
present.

N:d ratio of representative corallites in mm:

USNM

cat. nos. N:d ratio Remarks
196944 21: 9.2%x 9.2 calice margin juvenile
196940 22: 8.8x 8.0 calice margin juvenile
196941 23:9.3x 9.0 calice margin juvenile

» 23: 8.8x 8.8 just beneath calice
196943 24:12.2%11.6 just beneath calice

" 23:104x 9.2 lower part of corallite
196945 25:14.2x12.4 calice margin
196939 28:20.0x15.2 near calice margin

» 28:15.8x14.9 just beneath calice

» 26:14.1x12.8 middle part of corallite
196942 29:17.3x16.1 calice margin

" 28:14.9% 14.3 just beneath calice

Diagnosis. — Lophbillidium having n:d ratio up to 30:19; major septa rhopaloid, radially
arranged; minor septa moderately long; columella thick, complex; external surface almost
smooth; tabulae concave axially.

External characters. — (pl. 17:5b, 6b, 7b, 8b, 9b). Corallites increased their diameter
slowly, becoming conico-cylindrical and almost cylindrical in shape. All better preserved speci-
mens bear well developed attachment processes and/or attachment surfaces with flat talons,
which may occupy over 2/3 of length of some of them. These parts of corallites are always
curved, commonly in the cardinal-counter septa symmetry plane, with the cardinal septum
g
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Fig. 48.
Lophophyllidium "(Lophbillidium) " magnocolumnare sp. n. 1. Specimen” USNM 196939. Holotype. Locality USNM 705a,
Lower Skinner Ranch Formation; a, b — transverse sections, early ephcbic stage, x5; c—e — transverse sections,
ephebic stage, x 3; f—h — successive longitudinal sections, x 3. 2. Specimen USNM 196940. Locality USNM 707b,
Skinner Ranch Formation, Sullivan Peak member. Transverse section, ephebic stage, x 5. 3. Specimen USNM 196941.
Locality USNM 705a, Lower Skinner Ranch Formation. Transverse section, ephebic stage, x 5.4. Specimen USNM 196942,
Locality and horizon as above. Transverse section, ephebic stage, x 3. 5. Specimen USNM 196943, Locality USNM 720¢,
Lower Skinner Ranch Formation; a — transverse section, early ephebic stage; b — transverse section, ephebic stage;
¢,d — successive longitudinal sections. All, x 3.

on the attachment-bearing side. Calices are deep (more than 15 mm in large specimens). The
calice ridges are not preserved. The preserved marginal zone forms a ring of equally developed
foundations of major and minor septa (pl. 17:6a, 7a, 8a, 9a). In the intermediate zone of calices,
these foundations become differentiated in length to form fairly long blades of septa of both
cycles. In the inner zone of calices, the length of the minor septa remains constant, but their
portions inside calices are slightly reduced due to an increase in thickness of external walls,
which incorporate their peripheral portions. The major septa are longest near calice floors;
being often a little elongated on the upper surfaces of the last tabulae. In some specimens, the
cardinal septum is slightly shortened, while in others it is indistinguishable in length from other
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major septa. The rod-like columellae vary in outline and are, in most cases, connected with the
counter septa near the calice floors. They are free higher in calices, often protruding to the inter-
mediate zone of the latter. In extreme specimens, the columella may reach the marginal zone of
a calice. In the juvenile corallites, the length of a columella does not exceed 1/3 the depth of
calices.

Description of the holotype. — (fig. 48:1a—h; pls. 17:5a, b; 18:5a—¢). External characters
of the type specimen (pl. 17:5a, b) fit well with the above discussion and do not need further
description. The tip was not sectioned because the proximal end of the corallite is coarsely silicified.
Its broken and slightly weathered lowermost portion shows a thick columella — a character
typical for the subgenus. The arrangement of the major septa and presence of minor septa at
this early stage of ontogeny (approximately 2.7 mm in diameter) have not been dctected.

Approximately 10 mm higher up (fig. 48:1a; pl. 18:5a), the axial part of the corallite is
preserved in calcite. The columella, monoseptal in the ontogenetically younger section (fig.
48:1a; pl. 18:5a) and with a single lamella incorporated in the slightly older one (fig. 48:1b;
pl. 18:5b), is in contact with the counter septum. Middle lines of these structures are separated,
however. The thick cardinal septum is slightly shortened, while the o‘her major septa, rhopaloid
in a character, reach or almost reach the columella. Their inner ends are laterally contiguous,
and the remaining room is filled in with stereoplasm to form a solid ring around the columella.
The minor septa seem to be differentiated in length. In some well preserved loculi, they are
fairly long and contratingent (fig. 48:1D).

In contrast to earlier sections, the columella in the early ephebic stage (fig. 48:1c¢) is spindle-
shaped and probably lacking septal lamellae. The counter septum reaches it slightly aside.
Middle lines of these two structural elements remain disconnected up to the end of ontogeny.
The major septa remain rhopaloid and equal in length, except for the slightly shortened cardinal
septum. The axial stereozone is already reduced. In late maturity (fig. 48:1d, e; pl. 18:5¢),
the columella again becomes more circular and slightly wavy in outline, with several short septal
lamellae incorporated. The presence of the latter is also manifested by the wavy outline of
the columella in the calice (pl. 17:5a). The cardinal septum in the mature part of the corallite
is as long as other major septa, but it is readily distinguishable by being slightly thinner and
nonrhopaloid. It is slightly shortened on the calice wall.

Parallel longitudinal sections (fig. 48:1f—h; pl. 18:5d, €) document variability in shape
and arrangement of tabulae, possibly resulted from their biformity. They seem to be more or
less horizontal in both positions at the peripheral-most part of the corallite and sagging or concave
near the columella (fig. 48:1f; pl. 18:5¢). The major diversity in positions of the tabulae is noted
somewhere around the inner ends of the minor septa. Tabulae in Position I dip down there
(fig. 48:1g; pl. 18:1a, left), while these in Position II rise up (right on the same picture). The
described changes in direction are well illustrated on the more axially made section, which runs
through the end of a minor septum in one loculum (fig. 48:1g; pl. 18:5d, left). The axial longi-
tudinal section (fig. 48:1h) documents the presence of quite numerous tabulae in this part of
the specimen discussed. In the thick columella, a middle dark line and cone-shaped growth
lines are seen. The rhythm of increase of the latter is much faster than that of the tabulae. This
proves a semi-independent growth of the columella.

Individual variation. — Immature specimens form most of the collection, making the table
of n:dratio not representative for the species as far as the frequency of corallites in individual
classes is concerned. They differ from one another mainly in the uneven development of indivi-
dual characters at a given stage of grow'h. In some of thei, the number of major septa, but not
their thickness, increases quickly. The columella remains unthickened (pl. 17:6a). The other
juvenile corallites are' massive (pl. 17:11). Such variability could have been a function of ecological
influences. It is in lesser degree observed among the mature corallites, however, where the thin
septal corallites are rare (e. g. pl. 17:9a). The internal morphology of at least some small spec-
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imens (fig. 48:3) does not differ from that of large corallites, except perhaps for the comparatively
long minor septa. Some of them (fig. 48:2; pl. 18:2) have these septa especially long, being similar
to L. (L.) cyathaxoniaforme sp. n.

The specimens morphologically similar to the holotype form the main stock of the species.
Variation in length of minor septa and morphology of the tabularium are most important within
this group. Both these characters are often, but not always, correlated. A clearly biform tabular-
ium commonly accompanies well elongated minor septa. In one of the specimens investigated,
the tabulae are so widely spaced (diagenetically destroyed in part?) that their biformity can
hardly be read from the transverse section (fig. 48: Sa, b; pl. 18:1a) and was not seen in the
longitudinal sections (fig. 48:5¢, d; pl. 18:1b). On the other hand, the biformity of the tabularium
may be obvious from the transverse section (fig. 48:4; pl. 18:3) although the minor septa are
rather short and often laterally contiguous with the neighbouring major septa.

Rare corallites (e. g. pl. 18:4) possessing some characters in common with other specimens
of the species discussed, differ considerably from them in several other features. They have
been ‘temporarily included in this species because it is the morphologically closest taxon estab-
lished so far.

Remarks. — The species discussed differs from all representatives of the subgenus Lophbilli-
dium in having a concave axial part of the tabularium. The main differences as compared to
the morphologically closest American species L. (L.) cyathaxoniaforme sp. n. are as follows:
much larger dimensions, different n:d ratio, rhopaloid major septa, comparatively short minor
septa, and horizontal, not dipping peripheral-most parts of tabulae in Position I.

The Timor Island Lophophyllidium (Lophbillidium) elongatum WaNG, 1947 with its younger
synonym L. (L.) spinosum ScHOUPPE and STACUL, 1955 non MARTIN, 1881 (see FEDOROWSKI
1986 for remarks) and L. (Lophbillidium) martini SCHOUPPE and STAcUL, 1955, being similar
to each other, also show a close similarity to L. (L.) magnocolumnare sp. n. in their dimensions
and moderately Jong minor septa. The morphology of the tabularium in the latter species, as
well as the rhopaloid major septa, the fairly long cardinal septum, and almost smooth surface
of the external wall, are main distinguishing characters of the new species.

Occurrence. — USNM 720e:4, Lower Skinner Ranch Formation; 705a:44, Scacchinella
Zone; 715v:2 Decie Ranch member; ? 707b:5, Sullivan Peak member; ? 707g:1, Poplar Tank
member, all of Skinner Ranch Formation, Upper Wolfcampian.

Lophophyllidium (Lophbillidium) sp. 1
(fig. 49:3; pls. 16:8; 20:1)
Material. — Three fragmentary specimens without proximal ends. One with calice presérved.

N: d ratio (in mm):

USNM .

cat. 10s. n:d ratio Remarks

196952 30:13.5 just beneath calice
' 29:12.7 ephebic stage

196951 . 24:10.5 ? Ephebic stage

196953 26:10.2 calice margin

Description. — All specimens under the consideration (fig. 49: 3a, b; pls. 16:8; 20:1) have
thin major septa almost equal in length and radially arranged. Some of these septa may be slightly
rhopaloid. The cardinal fossula is inconspicuous, marked mainly by a slight shortening of the
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Fig. 49.
1. Lophophyllidium (Lophbillidium 7?) sp. 2. Specimen USNM 196950. Locality USNM 705a, Lower Skinner Ranch
Formation; a — transverse section, ephebic stage; b — longitudinal section. Both, x 5. 2. Lophophyllidium (Lophbilli-
dium 7) sp. 2. Specimen USNM 196949, Locality and horizon as above; a, b — transverse sections, ephebic stage, x 5.
3. Lophophyllidium (Lophbillidium) sp. 1. Specimen USNM 196951. Locality USNM 716, Upper Lenox Hills Formation;
a,b — transverse sections, ephebic stage; c—g — successive longitudinal sections. All, x 5.

cardinal septum. The counter septum is either free or it reaches the surface of the columella
without penetrating its interior. The columella is moderately thick, almost circular, with a slightly
wavy outline corresponding to the coarse septal lamellae, and directed towards a short medial
lamella. The minor septa are rather short, protruding 0.5—1.0 mm from the moderately thick
septotheca. Transverse sections of tabulae indicate the fairly well developed biformity of the
tabularium (fig. 49:3a, b). This is not fully confirmed by the longitudinal sections (fig. 49:3 c—g),
in which the tabulae in Position I of SUTHERLAND 1965 are only horizontal, not inclined, except
for the peripheral-most section (fig. 49:3c). The tabulae in Position II rise obliquely upward
toward the columella. The axial section shows hemisphaerical growth lines of the latter.

Remarks. — The morphology of the specimens discussed is.similar to that of L. (Loph-
billidium?) sp. 2. Closer examination shows a different structure of the columella, a less shortened
cardinal septum, a hardly distinguishable cardinal fossula,  better developed minor septa,
and well accentuated biformity of the tabularium in the specimens discussed. Differences between
these corals and L. (L.) magnocolumnare sp. n. are much larger in almost all characters. Only
a'single specimen included in that species (pl. 18:4), having similar morphology of the columella
and thin major septa, may be more closely compared to the specimens discussed. Its very long
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minor septa and a counter septum penetrating the columella form the main distinguishing

characters.
Occurrence. — USNM 709f:1, 716r:1, Lenox Hills Formation, 705a:1, Lower Skinner
Ranch Formation, Wolfcampian.

Lophophyllidium (Lophbillidium?) sp. 2
(fig. 49:1, 2; pls. 18:6, 7; 19:1, 2)

Material — Four silicified specimens having calices preserved, but with the proximal ends
destroyed.

N:d ratio (in mm):

USNM

cat. nos. N:d ratio Remarks
196949 24:8.7x 8.3 calice margin
’ 24:92x8.5 just beneath calice
' 23:8.6x7.1 lower part of corallite
196950 25:9.2x9.2 calice margin
” 25:9.2x8.1 just beneath calice
24:8.6x8.2 lower part of corallite

~ Description. — The specimens are ceratoid, almost cylindrical in shape, with the external
surfaces bearing only very delicate septal furrows, often destroyed (pl. 19:2). The calices (pl.
19:1) are 7—11 mm deep and have inconspicuous peripheral zones that pass gently down into
the inner zone, with blades of major septa only slightly better developed than those of the minor
ones. Deeper in the calices, these proportions changed a little in favour of the major septa.
The latter are short and almost vertically inclined along the whole length of the calice wall,
being elongated only on the calice floor. Some septa may reach there the highly upstanding
columella, which is rounded or slightly wavy in the outline (pl. 19:1). The morphology in trans-
verse sections made just beneath the calice vary only a little. In some specimens (fig. 49:2;
pl. 18:7b), the major septa are thin, slightly rhopaloid, and differentiated in length. The longest
of them almost reach the columella, while the shortests are no longer than 2/3 of the former ones.
Their arrangement is almost radial, but those adjacent to the shortened cardinal septum are
slightly inclined towards it to form a triangular cardinal fossula. The counter septum, a little
thicker than the adjacent major septa, joins the thick, almost circular columella, which is built
of a short medial lamella and many disorderly arranged bodies that look like separate tiabe-
culae. The middle lines of the columella and the counter septum are separated. The minor septa
stick out from the moderately thick septotheca for approximately 1/2 milimeter, with those
adjacent to the counter septum being slightly longer. The biformity of the tabularium may be
noted only in some septal loculi. More commonly there are no traces of this a phenomenon.
The morphology of the youngest known section of the specimen discussed (fig. 49:2a;
pl. 18:7a) differs from the afore-described one in showing only a slight differentiation in length
of the major septa, which almost reach the elongated columella, built of rather long medial
lamella surrounded by few trabeculae-like bodies at its cardinal septum side. The symmetry
of this section is semi-radial. _
Other specimen (fig. 49:1a; pl. 18:6a) has major septa more pinnately arranged and almost
nonrhopaloid. The columella is irregular in outline and contains rather long medial lamella and
three well developed septal lamellae in addition to the certain number of trabeculae-like bodies,
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The counter septum reaches it laterally. Other characteristics do not differ from those of the
specimen described above in detail.

The longitudinal section (fig. 49:1b; pl. 18:6b) was made from a single specimen. Thé
columella forms a thick, solid rod having delicate, conical growth lines. The complete tabulae,
arranged much more steeply on one side of the corallite, show the position of the cardinal fossula.
Rare tabellae occur only near the columella.

Remarks. — The specimens discussed are most similar to L. (L.) magnocolumnare sp. n.,
especially in the morphology of calices, the almost smooth surfaces of corallites, the internal
structure of the columella, and its relation to the counter septum. Main differences are: dimen-
sions and n:d ratio, the shortened cardinal septum in the specimens here discussed, their much
shorter minor septa and the underdevelopment of biformity of the tabularium. The last character
may result from the underdevelopment of the minor septa. In this respect, the specimens dis-
cussed show also some similarity to L. (L.) erugum sp. n., being only slightly larger than the latter
and having the cardinal septum shortened and the major septa differentiated in length. The
underdevelopment of biformity of the tabularium in some species or groups of specimens
on one hand and the apperance of an incipient biformity in some other ones not considered as
members of Lophbillidium, prevents acceptance of an independent generic status for this taxon
and may be a reason for not acknowledging it even as a subgenus by some students. As in the
case of L. (L.) magnocolumnare sp. n., the morphology of the calices with highly protruded colu-
mella is a character in common of the specimens here discussed with L. (L.) erugum sp. n. This
character, invariably present in all specimens so far included in Lophbillidium, should possibly
be treated as one of most important of this subgenus.

Occurrence. — USNM 705a:4, Lower Skinner Ranch Formation, Wolfcampian.

Genus Pseudowannerophyllum FLUGEL, 1975

Type species: P. differens FLUGEL, 1975

Species assigned: P. differens FLUGEL, 1975, Lophophyllidium solidum Ross and Ross, 1962,
Geographic and stratigraphic distribution: Iran, Lower Bashkirian; USA, SW. Texas, Lower Wolfcampian.

Emended diagnosis. — Solitary corals without dissepimentarium; cardinal septum in maturity
shortened; complex, loose columella starts its development from counier septum and primary
lamellae; secondary lamellae appear by means of peripheral split; tabularium biform; micro-
structure of septa trabecular.

Remarks. — The genus Pseudowannerophyllum FLUGEL, 1975 originally included in the
family Verbeekiellidae ScHouPpt and Stacur, 1955 was left in that family by HiL (1981).
The last author remarked, however (p. F338), that “Dense packing of elements in axial structure
may indicate relationship to Lophophyllidae” (= Lophophyilidiidae MoOORE and JEFFORDS,
1945 in the meaning accepted here). FEporowskl (1986) remarking briefly on that genus
suggested its relationship with Lophophyllidium GRABAU, 1928.

There are two characteristics which may distinguish this genus: morphology of an axial struc-
ture and biform tabularium. In the first case there may be some controversies as to its taxonomic
value, considered low by FEporowski (1974), WesB (1984), and in the present paper (see
remarks on the genus Lophophyllidium). This meaning, referring only to the simply perforated
columella has not been changed and such species as “Agarikophyllum” pavlovi FOMICHEV,
1953 and L. hadrum JEFFORDS, 1947 have been left here in the genus Lophophyllidium. The
perforated columella in some corallites of L. wewokanum JEFFORDS, 1947 (see above) has not
even been considered adequate for the species distinction. There is one feature which seems to
be developed in columellae of P. differens FLUGEL, 1975, and which is clearly seen in the species
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included in Pseudowannerophyllum here, namely the increase of secondary lamellae in the
columella by means of peripheral split. This feature, supplemented by the increasing separation
of the structural elements of the inner morphology of the columella during ontogeny, forms
a set of characteristics which is considered here as having a taxonomic value not lower than
generic. :

A similar increase of lamellae in columella was considered diagnostic for the family Verbee-
kiellidaec (FEDOROWSKI, 1986). Such a high rank of this feature once applied may suggest
a necessity of placing Pseudowannerophyllum in that family, as it was originally proposed by
FLUGEL (1975:49). However, differences in the ontogeny and especially in the foundation of the
axial structure, as well as a distinct arrangement of trabeculae in septa and a specific organization
of calices in that family (FEDOROWSKI, 1986) speak strongly in favour of considering the
morphology of columella in Pseudowannerophyllum as being only homeomorphic to that in Ver-
beekiella PENECKE, 1908.

The second diagnostic feature of this genus, i. e. the biform tabularium, has already been
evaluated as having a subgeneric rank in Lophbillidium, a subgenus introduced by FEDOROWSKI
(in press). The rank of this feature lower than generic, may be also attributed to Pseudowanne-
rophyllum, where it is developed late in the ontogeny and seems to vary also in the type species.
Such development of biformity of the tabularium brings the genus discussed fairly close to
Lophbillidium. The latter subgenus would thus have to be synonymized with Pseudowannerophyl-
lum if the morphology of columella in these two taxa was considered taxonomically unimportant.
Pseudowannerophyllum may in the latter case be considered a subgenus of Lophophyllidium.

Pseudowannerophyllum solidum (Ross and Ross, 1962)
(fig. 50; pls. 14:10—12; 15:1, 2)

e. p. 1962, Lophophyllidium solidum Ross and Ross; C. A. Ross and J. P. Ross, p. 1182, fig. 4J; pl. 161:10, 13, 16, 19,

Material. — Six incomplete specimens and the type collection of Ross and Ross (1962)
were available for the study.

N:d ratio of representative specimens (in mm):

No of

specimen N:d ratio Remarks
USNM 196909 31:13.5 just beneath calice
USNM 196907 26:11.0 just beneath calice

» " 24: 3.9 early ephebic stage
USNM 196908 26:10.5 middle of calice

” » 23: 9.0 just beneath calice
USNM 196910 25:10.2 calice floor
YPM 21802 24:10.1 just beneath calice

Diagnosis. — Pseudowannerophyllum having n:d ratio 24:10 — 31.13.5; major septa rhopa-
loid, radially arranged; cardinal septum only slightly shortened. '

Discussion. — The specimens identified by Ross and Ross (1962) as Lophophyllidium solidum
differ greatly in substantial diagnostic characters. They were sectioned for the purpose of this
paper, ard except for the holotype and one paratype (YPM 21802, Ross and Ross, 1962, pl.:
161:10 = fig. 50:3a—c in this paper), were reidentified as belonging to different species of
Lophophyllidium. The individual variation of the specimens included in P. solidum here is rather
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Fig. 50.

Pseudowannerophyllum solidum (Ross and Ross, 1962). 1. Specimen USNM 196907. Locality USNM 701p, Gaptank

Formation, Uddenites-bearing member ; a, b — transverse sections, ephebic stage ; c—e — successive longitudinal sections

of peripheral part of corallite. All x 5. 2. Specimen USNM 196908. Locality USNM 711g, Hess Formation. Transverse

sections; a, b — ephebic stage; ¢ — middle of calice. All x 5. 3. Specimen YPM 21802 ( = Ross and Ross, 1962. pl.

161:10). Locality YPM 42, Gaptank Formation, Uddenites-bearing member; a — neanic stage, x 6; b —ephebic stage,

x5; ¢ —lower part of calice, x5. 4. Specimen USNM 196909. Locality USNM 701p, Gaptank Formation, Udde-
nites-bearing member; a, b — successive longitudinal sections, x 5.

large but random. The porosity of columellae is the only character showing a trend in develop-
ment: columellae are generally more distinctly porous in the specimens derived from the strati-
graphically older deposits. Such a relation is less well seen in the highly individualized morpho-
logy of the columellae. Most specimens, the holotype included, show fairly simple structure of
the columella, which incorporates rather small number of septal lamellae. Also, an increase
of lamellae by means of peripheral split is not always clear. Two corallites, both from the Udde-
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nites-bearing member of the Gaptank Formation possess very complex columellae (fig. 50:1a, b;
pl. 14:11a; 12b, c). In the single mature section of one of those specimens the columella is
composed of a number of lamellae larger than the number of major septa (pl. 14:12¢). Many of
these lamellae exhibit characters that show them as produced by means of the peripheral split
of earlier existing lamellae; the phenomenon recently described by FEporowskr (1986) for
Verbeekiella Penecke, 1908 and considered diagnostic for Pseudowannerophyllum in this paper.
The morphology of the ontogenetically younger (fig. 50:1a) and the calicular sections of this
columella does not show the number of lamellae so large as described above, retaining the
characteristic relation of lamellae, however (pl. 14:12b).

Differences in length of minor septa are here considered rather important, because of their
influence on the morphology of the tabularium. In the holotype and the other short-septal
specimens (e. g. fig. 50:3b, c; pl. 14:11b), the tabularium is simple and apparently uniform,
while in the long-septal ones (fig. 50:1a, b; 2a—c; pls. 14:12a; 15:2) the peripheral parts of the
tabularium is biform. As seen on the polished transverse section (pl. 15:2), this biformity may
in some specimens by quite distinct. The longitudinal sections of the peripheral part of this
corallite (fig. 50:1c—f) shows the peripheral parts of the tabulae differentiated in elevation.
Those located in the loculi equivalent to Position I of SUTHERLAND 1965 are higher than those
on the opposite side of a given minor septum (Position IT). The higher elevated parts of tabulae
are more or less horizontal, while the less elevated ones rise adaxially. Lack of elongation of the
minor septa in some corallites causes the almost complete unification of shape of peripheral
parts of the tabulae (fig. 50:4a, b).

Some differences in the length and thickness of the major septa, as well as in the n:d ratio,
are of lesser importance when compared to the previously discussed ones. Their taxonomical
implications are rather minor.

Remarks. — Pseudowannerophyllum solidum (Ross and Ross, 1962) apparently resembles
Lophophyllidium GrABAU, 1928 and was originally described by Ross and Ross (1962) under that
generic name. Indeed, several specimens of Ross and Ross (1962, 1963) were reidentified here
as belonging to different species of that genus. The holotype and one paratype of L. solidum
were transferred to Pseudowannerophyllum in spite of bearing only incipient diagnostic features
of that genus. They were supplemented by more typically pseudowannerophylloid specimens
here to support a new concept of this species. It is the only one in Pseudowannerophyllum
described so far except for the type species of the latter genus. Thus, it is briefly compared not
only to P. differens FLUGEL, 1975, but also to those species of Lophophyllidium which have
a perforated columella.

P. solidum (Ross and Ross, 1962) differs from P. differens FLUGEL, 1975 first of all in n:d
ratio and in having the cardinal septum only slightly shoriened. Major septa more distinctly
rhopaloid, tabulae more widely spaced and less steeply dipping peripherally as well as later
appearance of minor septa in ontogeny are the next distinguishing features of P. solidum.

The perforated columella, containing at least few secondary lamellae, only slightly shortened
cardinal septum, and the major septa only slightly differentiated in length are the main distin-
guishing characters of the species discussed from Lophophyllidium (Lophophyllidium) spinosum
JEFFORDS, 1947 non MARTIN, 1881. Both these species show close similarity in the variation
in length of the minor septa ard in the morphology of peripheral parts of tabularia, correlated
to those septa. The latter feature, i.e. the development of incipient biformity of the tabularium
brings L. (L.) spinosum JEFFORDS, 1947 close to either Lophbillidium or Pseudowannerophyllum.

From o.her American lophophyllidia sensu stricto, L. hadrum JEFFORDS, 1947 with its loose
columella in advanced ontogeny may be close to the ancestral form of L. spinosum. O:her
American species of Lophophyllidium described co far are less similar and will not be discussed.
Amongtheforeign ones, “ Agaricophyllum” pavlovi FoMicHEV, 1953 from the Upper Carboniferous
of the Donetz Basin differs from P. solidum in different morphogenesis of the columella, in having
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major septa thick and directly touching the slightly perforated columella and in not showing
biformity of the tabularium. '

Occurrence. — Previously described: SW Texas, Locality 42 of Ross and Ross (1962),
Gaptank Formation, Uddenites-bearing member. Here described: USNM 701p:3, 701v:1,
Gaptank Formation, Uddenites bearing member; 701c:1, Neal Ranch Formation; 711g:1.
Hess Formation. Wolfcampian.

Family Lophotichiidae WgYER, 1972

Type genus: Lophotichium MOORE and JEFFORDS, 1945

Synonym: Epiphanophyllinac WEYER, 1972.
Genera assigned: Lophotichium MoORE and JEFFORDS, 1945; Epiphanophyllum ILINA, 1970; ? Kabakovitchiella WEYER,
1972; Paraduplophyllum Wu and Zuou, 1982; Assimulia gen. n.
Geographic and stratigraphic distribution: USA (Texas, Oklahoma), China (Xinjiang), Timor Island, USSR (Pamir),
Austria, Jugoslavia, Spain. Morrowan to Upper Permian.

Diagnosis. — Small to medium size solitary corals without dissepimentarium; minor septa
inserted as contrafused; columella built of axial end of counter septum may occur; tabularium
distinctly biform; microstructure of septa trabecular.

Remarks. — The discussion of FEDOROWSKI (in preparation) of most of the genera
included by HiLL (1981) in the suborder Metriophyllina SPAssky, 1965 permits limitation of the
following discussion. The family discussed includes rugose coral taxa that do not submit to
the rules of classical taxor.omy, i. e. taxonomy dealing with taxa fully determined and constant
on any level. In the family discussed, as in such “troublesome” taxa as the Devonian Phillip-
sastracidae Hill, 1954 and related families, there 2r¢ no constant criteria that can be used for
individual taxonomic levels. The undisputable distinction between extreme iaxa diminishes
in the course of investigation of successively larger collections. HiLL (1981:F181—F189) came
to a point of dividing Phillipsastraeidae into four informal groups of genera. Such an extreme
position is not accepted herein, but it has to be stressed that boundaries between genera and
species are flexible. The problem of classification of such taxa that have hardly distinguishable
boundaries is discussed in the general part of the following volumes of this monograph.

The most important, long-lasting characters of the family are: 1) The invariably present
biform tabularium, 2) The fine trabccular microstructure of the septa, 3) The contrafused minor
septa that are invariably inserted early in ontogeny. This new term is introduced for minor
septa inserted at some angle to the adjacent major septa, but in contrast to contratingent minor
septa, the middle lines of both cycles of septa are here directly united. All ozher characters vary.
For instance: a) The columella developed from the elongaied counter septum is present in some
genera. In some ohers (Paraduplophyllum) this septum protrudes above the calice floor more
than other major septa, al.hough itselongation is not marked in sections; b) A tendency to shorten
the cardinal septum beneath the calices is absent in Paraduplophyllum ard Assimulia n. gen.
In these genera the cardinal septum in the calices is less protruded along the cardinal fossula
floor than o:her major septa apart from the fossula, but it is neither here nor in section shortened
more than o her major septa; ¢) Different kinds of carinae occur within the family and may be
diagrostic of the specific and to a lesser degree of the generic level; their rank should not be
higher, however.

The family status of earlier known genera here included in Lophotichiidae was interpreted
differently by earlier auihors. The nominative genus Lophotichium MOORE and JEFFORDS, 1945,
originally included in the Lophophyllidiidae MOORE and JEFFORDS, 1945, was transferred by
WEYER (19724) to the family Cyathaxoniidae M.-EbwaRDs and HAIME, 1850 and placed in the
subfamily Lophotichiinae WEYER, 1972. HiLL (1981) considered Lophotichium a member of



TABLE 10

Morphologically-comparative table of Lophotichiidac WEYER, 1972

Name of genus Cardinal Cardinal Counter Ma . . .
or subgenus septum fossula septum ajor septa Minor septa Carinae Calice
Lophotichium MooRE and More or less | Present Elongated to form | Smooth, straight, nonrho- | Smooth, contratingent or | May rarely | Moderately deep, wide;
JEFFORDS, 1945 shortened in columella paloid, sometimes differ- | free; may be reduced occur septa short; columella
maturity entiated in length : sticking
Epiphanophyllum ILmNA, Reach Inconspic- Elongated, Strongly wavy but contigu- | Longer than major septa; | Similar to
1970 corallite axis | uous or thickened in axis | ous;come close to corallite | wavy up to disconnection | zig-zag ?
absent ? axis
Kabakovitchiella WEYER, Equal to Absent Equal to other ma- | Smooth, straight, thin; ‘ Smooth, straight, almost | Absent
1972 other major jor septa leave wide free axial area | equal to major septa in ?
septa length
Paraduplophyllum Reach Reach corallite Smooth, straight, meet Long, contratingent or | Long, peri- | Moderately deep, empty,
(Paraduplophyllum) corallite ” axis, nonrhopaloid | axially in four systems | contrafused to opposite | pheral may | wide; axial area flat
Wvu and Zuou, 1982 axis (quadrants) major septa ‘| occur
Paraduplophyllum Equal to May occur | In calice may form | Smooth, straight, meet From contrafused in some | Absent Very deep, empty, wide;
(Vacoea) subgen. n. other major columella; beneath | axially at least in neanic | to absent in maturity in axial area often protruded
septa inconspicuous stage; may be shortened | other species
Assimulia (Assimulia) Reach or al- | Absent Slightly elongated | Come close or meet in | Long, strongly wavy, con- | Zig-zag Deep, funnel-shaped; sep-
subgen. n. most reach in calices; axially | calice axis;in sections ' tratingent or contrajunct; | commonly ta elongated to axis; car-
corallite axis thickened beneath | wavy, commonly slightly | rarely free present dinal and counter may pro-
them rhopaloid trude
Assimulia (Ericina) ” Wellseen in | Equal to other ma- | Almost reach corallite axis, Zig-zag As above, but cardinal and
subgen. n. calice jor septa nonrhopaloid, strongly » mainly on counter equal to other
peripherally thickened. minor septa | major septa
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Cyathaxoniidae and included Lophotichiinae in synonymy with the latter. My position is that
the relation of Lophotichium and Cyathaxonia is not closer than on the family level. The relation
of the genera grouped by WEYER (19724a) into Cyathaxoniidae, including Lophotichium and
Cyathaxonia, was recently discussed by FEDOROWSKI (in preparation) with special emphasis
being paid to the latter two genera.

Genus Kabakovitchiella WEYER, 1972, included originally in the Petraiinae de KonNINCK,
1872, was conditionally transferred into Lophotichiidae WEYER, 1972 by FEDOROWSKI (1986).
Unfortunately an investigation of this genus is inadequate. The holoype of the type species as
well as of other species described as Amplexocarinia SOSHKINA, 1928 by SchouPPE and StacuL
(1959) on bases of single corallites and included by WEYER (19724) in Kabakovitchiella, does
not have the proximal end preserved (FEDOrROWSKI 1986). The existing ephebic stages of Kaba-
kovitchiella are morphologically close to Paraduplophyllum (Vacoea) amplexoides sp. n., but lack
of information about early ontogeny of the former makes any closer comparison impossible.

The systematic position and main morphological characteristics of Epiphanophyllum ILINA,
1970 was recently discussed by FEDOROWSKI (1986). The columella in this genus was thought
to be developed from a counter and not from a cardinal septum, as originally described by
ILINA (1970). This temporary concept resulted in placing Epiphanophyllinae WEYER, 1972
in synonymy with Lophotichiidae WEYER, 1972.

As mentioned, the family discussed shows flexible intrageneric boundaries. This prohibits
distinguishing columellate and permanently acolumellate genera, even on a subfamily level.
The similarity (relation?) of columellate taxa to such genera as Lophophyllidium GRABAU,
1928 or Asserculinia ScHoUPPE and STACUL, 1955 has recently been discussed (FEDOROWSKI
1986). Paraduplophyllum with no traces of columella in the transverse sections may be compared
only with Duplocariniinae FEDOROWSKI, 1986 and with those taxa of “Petraia” MUNSTER,
1839 that do not exhibit a tendency to form an aulos. The relation of these taxa to Paraduplo-
phyllum is identical to these of other lophotichiids and was briefly discussed earlier (FEDOROWSKI
1986).

The similarity of Paraduplophyllum to Duplocarinia FEDOROWSKI, 1986 is at fiist glance,
considerable. This concerns especially an arrangement of the major septa in four systems, the
middle septa of which meet near the corallite axis. The main difference is a peculiar increase
of the minor septa in the ontogeny of Duplocariniinae FEDOROWSKI, 1986 preceded by appear-
ance of the minor septa-like peripheral carinae on the major septa. Similar carinae are not
unknown in Lophotichiidae, but they never appeared in a sequence like that mentioned. The
appearance of the peripheral carinae observed in some species of Paraduplophyllum occurs only
when the minor septa are already present. A very close similarity in the ontogeny and in other
important characteristics of Paraduplophyllum and Lophotichium permits considering the simil-
arities above discussed between the former genus and Duplocariniinae as parallelism in develop-
ment of two related but distinct families.

Phylogenetic relations of the family Lophotichiidae WEYER, 1972 like those of the nominative
genus (see remarks on the latter), are not detectable on the recent level of knowledge of this
group of corals. The incomplete specimen described by de Groot (1963) as Duplophyllum?
sp. from the Upper Namurian of Spain is the only one comparable to Paraduplophyllum. 1t
may be slightly older geologically than the oldest known lophotichia, described by MOORE
and JEFFORDs (1945) from the Upper Morrowan Hale Formation and differs from them by having
the cardinal and the counter septa equal to other major septa. The recent study by RODRIGUEZ
(1984) on similar corals from Spain, identified by him as Duplophyllum shows that the two septa
mentioned do not differentiate in leng:h both in the ontogenetically more advanced stage than
that shown by de Groot (1963) and in the geologically younger deposits. Present knowledge
may indicate that Lophotichium, with the shortened cardinal septum and elongated counter
septum, and Paraduplophyllum and|or Kabakovitchiella with these septa not differentiated, were
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already separated in the Upper Namurian. On the other hand, a comparison of some of the
representatives of Lophotichium here described and Paraduplophyllum (see above) and Assimulia
gen. n. suggests a close relation of them to one another rather than to the hypothetical, unknown
ancestors of Lophotichium vescum MOORE and JEFFORDs, 1945 and Duplophyllum? sp. de GrooT,
1963. Three possibilities are suggested this way: 1) A linkeage by descent from a hypothetical
common ancestor, bifurcated towards Paraduplophyllum-like and Lophotichium-like genera
prior to Upper Namurian. These two lines are represented in the Upper Namurian and Morrowan
by the species mentioned above. Such an early bifurcation and independent development of
two forks may suggest a formal distinction of these two lines as subfamilies. This has not been
accepted here because of inadequate data (see below). 2) All taxa here described developed
from a common American ancestor and became differentiated as observed. The similariiy of
some of them to Duplophyllum? sp. de Groort, 1963 has resulted from homeomorphism only.
Descendents of the Spanish species never penetrated North American seas. Podolskian and Kasi-
movian Duplophyllum of RODRIGUEZ (1984) ( = probably Kabakovitchiell: WEYER, 1972)
and the Lower Permian Kabakovitchiella ruedemanni (HERITsCH, 1936) may form a line leading
from that ancestral taxon. 3) Both descendents of two forked lines of development (point 1)
and homeomorphs to them (point 2) are mixed together. Any of these hypotheses must stay
open until similar or comparable corals are found in the intermediate areas and strata.
Remote ancestors of the corals discussed might have been related to the Upper Silurian
“Petraia” (MUNSTER, 1839) with axially united septa. Discussion of this genus (WEYER 1978,
1980) documented that both this genus and the family Petraiidae de KoNINck 1872 are baseless
for any comparison until selection of a neoiype specimen for Petraia decussata MUNSTER,
1839 is made. Even then, however, a very long time span with no evidence of taxa leading
owards Lophotichiidae and no obvious tendency among the Silurian taxa of “Petraia” to elong-
tte the counter scptum will in my opinion separate the discussed taxa on a family level.

Genus Lophotichium MoORE and JEFFORDs, 1945

Type species: L. vescum MOORE and JEFFORDS, 1945

Species assigned: L. vescum MoORE and JErFrorRDS, 1945; ? L. densum MoORE and JEFFORDs, 1945; L. dugoutense
sp. n.; L. rotundiseptum sp. n.; L. simulatum sp. n.

Diagnosis. — Lophotichiidae having cardinal septum typically shortened; major septa,
in early ontogeny arranged in four systems, in maturity may be shortened; columella originated
from counter septum may incorporate a few septal lamellae, reduced in mature parts of some
species; minor septa may be reduced in maturity; tabulae highly domed in periaxial parts.

Remarks. — The genus Lophotichium MOORE and JEEFORDS, 1945 is known only from its
original description and has been discussed in more detail only by WEYER (19724) and recently
by FEporOwSKI (1986). Discussion of the former author was.based not on the originals, but
only on the MooORE and JEFFORDS’ (1945) incomplete and not always correct description and
illustrations. The earlier paper of FEDOROWsKI (1986) was restricted to more general remarks
only. The following discussion contains descriptions and illustrations of the most important
characters of the type collection.

According to Moorg and JEFFORDS (1945:111) “the seeming greater number of septa near
the apex of corallite than in the upper part” is the most characteristic feature of the species
and genus. This conclusion and application of such expressions as “septa-like structures” and
“nonpersistent septa” clearly show of recognition of septal structure of these plates. MOORE
and JEFFORDs (1945) correctly pointed out a nonpersisiency of these structures and thei often
observed junction with major septa. Unfortunately, they interpreted these structures as “steeply
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TABLE 11

Morphologically-comparative table of species of Lophotichium MooRE and JEFFORDS, 1945 described in this paper

Name of species

Shape of calice

Major septa

Minor septa

Cardinal
septum

Counter
septum

Columella

N: d ratio

Lophotichium
rotundiseptum sp. n.

Lophotichium dugoutense
sp. n.

Lophotichium simulatum
sp. n.

Lophotichium sp. 1

Lophotichium sp. 2

Wide, empty; floor
rise up axially to-
ward columella

Narrow, crawded;
cardinal and counter
septa may meet
axially

Commonly wide;
axial area flat ; floor
rise up at counter
and dip at cardinal
septum

Radially arranged,
slightly rhopaloid;
leave wide free axial
area

Nonrhopaloid, wedge-
shaped; arranged in
systems; longest reach
inner end of counter
septum

Radially arranged, ra-
rely slightly rhopaloid;
may be differentiated
in length

More or less rhopaloid;
reach or almost reach
columella

Nonrhopaloid, wavy>
almost reach inneix
end of counter septum

In calice absent; be-
neath short or absent;
adjacent to counter se-
ptum may form triad

Absent or very short in
calice; beneath contra-
tingent, sometimes free;
thickened at periphery

In calice absent or
short; beneath vary
from contratingent in
some to absent in ma-
turity of other taxa

Free; reach up to 1/2
length of major septa

Long and contratin-
gent up to lower part
of calice

More or less
shortened

In calices long;
beneath may be

slightly short-
ened
Commonly
slightly short-

ened; more dis-
tinctly beneath
calices

Equal to, but
thinner from
other major se-
pta

Long up to
calice

Elongated; often
thicker than other
major septa

Reach corallite
axis; slightly thick-
ened in calices and
beneath them

In calices may be
equal to other ma-
jor septa; always
long in early mature
parts of growth

Elongated to reach
columella

Elongated; axial
end thickened

May incorporate 1—3
lamellae; in calices
rounded, beneath pen-
dulum-like

In calices absent; be-
neath elongation of
counter septum, com-
monly thickened

Not always present in
calices; often only
elongated counter sep-
tum

Pendulum-like; may
incorporate 1—2 la-
mellae in younger
growth

Only thickened axial
end of counter septum

24:10.3 to
30:10.3

16:5.3
20:8.0

14:3.4 to
24:11.5

28:18.0%x 143

26:11.7x 1.0




Fig. S1.

Lophoticlium vescum MooRE and JrFrorps, 1945, Transverse scctions. 1. Specimen KU 57322, Holotype ( = MOORE
and JEFFORDS, 1945, fig. 62). Hale Formation, Morrowan, Greenleaf Lake, Oklahoma, Univ. Kansas locality 7385, Housed
in Kansas Universum Museum: a -- late ncanic/early ephebic stage: b — early ephebic stage: ¢ — late ephebic stage.
2. Specimen KU 57325 ( = Moore: and JEFForns, 1945, fig. 63). Locaiity, formation and depository as above; a - late
neanicfearly ephebic stage; b — carly ephebic stuge. 3. Specimen KU 57333 ( = Moore and JEFFORDS, 1945, Nig. 73).
Locality, formation and depository as above; a — late neanicjearly cphebic stase; b — ephebic stage having shallow lateral
rejuvenation. 4. Lophotichium densiun Moore and JEFFORDS, 1945, Specimen i i 57359, Holotyp2. ( = Moors and JL1 FORDS
1945, fig. 77). Locality, formation and depository as above: a -— transvarse  section, ephehic stage: b — longitudinal
section. 5. Lophotichium amocnn Moorie and Jureorps, 1945, Spocinen U 57360 ( = Moore and Jerrorns, 1945,
fig. 81). Hale Formation, Morrowan, 2,5 miles nosih of Fort Gibson, Oklahoma. Uaniversity Kansas Locality 77, Depository
as above. Transverse sections. a — late neanic:carly ephebic siige, b —ephebic stage. All, x 10,
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inflected portions of tabulae™. This obvious mistake led to their misinterpretation of the mor-
phology of the type species of Lophotichium, expressed best on iheir Text-fig. 61.

WEYER (1972 4) recognized the “sieeply inflected portions of tabulae™ of MOORE and JEFFORDS
(1945) as minor septa, making the first important step in corieciion and proper interpretation
of the morphology of this genus. The following observations of the present author, made on the
type collection, may help in understanding it betier.

As it has been observed in the holotype and some paratypes of the type species, as well as
other Morrowan species of the genus, the minor septa, inserted invariably contrafused, are
very differentiated in length during early ontogeny (see descriptions of species), being often
short, not long as suggested by WEYER (19724:457), and often losing their contrafusity. The pair
adjacent to the counter septum are the only minor septa invariably present in a corallite lumen
and mostly long. In some specimens, the minor septa are Jongest in the early ephebic stage,
(fig. 51:2a) while in other ones, they are partly reduced at this level of growth (fig. 51:3a).
The great variability in length has thus to be expressed as a general character of the minor septa.
In the mature portions of the corallites, they are often reduced. This inconstancy refiects the
morphology of Permian representatives of the genus, some of which are long- (L. dugoutense
sp. n. and some short-septal (L. simulatum sp. n., L. rotundiseptum sp. n). The long-septal trend
predictably leads also towards the genera Paraduplophyllum and Assimulia gen. n.

In addition to the inconstant contratingency and great variability in length, a kind of breaking
or duplication of minor septa can also be observed (pl. 21:3a, b). This phenomenon might
have led towards appearance of zig-zag carinae, frequently observed in the Permian genera
Paraduplophyllum and Assimulia gen. n. The physiological importance and origin of these
structures are discussed in more detail in the general part of one of volumes of this paper which
follow. Metriophylloid carinae are very rare in L. vescum MOORE and JEFFORDS, 1945, but they
have been noted in some instances (pl. 21:1b, ¢). Both of the structures discussed above have
not, as yet, been found in Permian representatives of the genus Lophotichium, but ihey are
characteristic for the two genera mentioned above.

WEYER (1972a) excluded several paratypes of MOORE and JEFFORDs (1945) from L. vescum
and removed them from Lophotichium, together with L. amoenum, L. densum, L. improcerum,
and Lophotichium sp. A, all species introduced by MOORE and JEFFORDs (1945). This opinion
is not supported by the reinvestigated morphology and development of all the specimens and
species questioned. On the contrary, these taxa are so similar to the type species of Lophotichiunt,
and especially to the internal variability of L. vescum, as to make their independent taxonomic
status rather than generic separation doubtful (e. g. fig. 51:4a, b; 5a, b). Each of these species,
derived from the same Upper Morrowan Hale Formation as the holotype of L. vescum showing
intermediate characteristics. In addition to the contrafused minor septa inserted at least near
the counter septum and in early ontogeny, the biform tabularium is invariably present. The
latter character is not always very obvious because of shortening of the minor septa in mature
portions but this is similar to several of the otherwise typical corallites of L. vescum. Early
ontogenetic stages are identical in both cases discussed : long septal, with the minor septa contra-
fused. Re-examination of the type material confirmed the broad individual variability of the
corals in question, which was already established by Moorg and JEFForDs (1945). Directions
of changes, especially those concerning the minor septa (shortened or permanently long),
length of the cardinal septum (shortened in calice and/or shortened well below its floor) in the
young stage, presence of the cardinal tabular fossula, and distinction between two positions
in the tabularium, permitted including in Lophotichium the highly variable Permian species
described in this paper, although some of them differ distinctly from the type species by being
simplified and similar to Lophophyllidium at maturity (L. simulatum sp. n.). The absence of
records of Lophotichium from the long time span (Morrowan — Wolfcampian) may have
resulted from a poor knowledge of the American Upper Pennsylvanian rugose corals.
10°
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WEYER (1972a:456—457) linked Lophotichium to an unnamed Lower Tournaisian represent-
ative of Petraiinae similar to Petraiella ROZKOWsKA, 1969 but with the major septa amplexoid
and not split peripherally. This genus has not yet been described and WEYER’s (1972a) concept
was later changed (WEYER 1980). In my opinion, there are no genera known as yet leading directly
toward Lophotichium. Tt may well be, however, that an ancestral form of the whole family- des-
cended from “Petiaiinae” de Koninck 1872, with peripherally continuous (not split) major
septa, similar to the specimen illustrated by ScHINDEWOLF (1931, figs. 5—9) and reillustrated
by WEYER (1980, pls. 2, 3). Unfortunately the present status of Petraia MUNSTER, 1839 and
Petraiidac de KONINCK, 1872 prevents any comparison. None of the genera known to occur
in the time span between the Upper Silurian “Orthoceras Limestone” and the Upper Carboni-
ferous Morrowan Series can be considered as leading towards Lophotichium. As indicated by
the type species of the latter it must have possessed a biform tabularium, early inserted, long,
contratingent minor septa, and a tendency to shorten the cardinal septum and to elongate the
counter septum. None of the Devonian and Lower Carboniferous genera studied so far meets
these conditions.

Lophotichium rotundiseptum sp. n.

(figs. 52:1a—f, 53:1—3; pls. 18:10, 11; 19:3—1 §)

Holotype: Specimen USNM 196959, fig. 52:1a—f, pl. 19:10a, b.

Type locality: USNM 701.

Type horizon: Neal Ranch Formation, Lower Wolfcampian.

Derivation of the name: lat. rotundus, a, um — circular, septum — septum; after radial arrangement of major septa

Material. — More than 100 corallites of variable state of preservation. All specimen
silicified. Some retained only in a form of external silicified shells with internal structure
completely etched out.

N:d ratio of representative corallites (in mm):

USNM

cat. nos. N: d ratio Remarks
196968 30:10.2x 10.4 calice margin
196959 30: 9.3x 8.5 calice margin
" 27: 8.6x 1.8 just beneath calice
196967 29:13.2x13.0 calice margin
196960 29:10.1x 9.7 just beneath calice
" 24: 79x%x 6.6 middle of growth
196963 28:12.5%x12.5 calice margin
196966 26:11.3%x11.2 calice margin
196962 24:10.4%x10.2 just beneath calice
» 22: 8.7x 7.2 early ephebic stage

Diagnosis. — Lophotichium having n:d ratio at calice margin up to 31:12.5; major septa
short, thin, radially arranged; columella may incorporate 1—3 short septal lamellae; minor
septa completely reduced at maturity.

Description of the holotype. — The specimen is more than 30 mm long, irregularly ceratoid,
with an attachment flattening occupying almost half of its lower growth (pl. 19:10b). The
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1a

Fig. 52.
Lophotichium rotundiseptum sp. n. Specimen USNM 196959. Holotype. Locality USNM 701, Neal Ranch Formation.
Transverse sections; a, b — neanic stage; ¢, d — early ephebic stage; e, f — ephebic stage. All, x8.

cardinal septum is located on a convex, flattened side of the tip. The thick external wall bears
very delicate septal furrows and growth striae; the former being absent on the tip.

The upper margin of the deeply rejuvenated calice is broken. The inner surface of the old
‘calice shows only very low ribs of the major septa (pl. 19:10a). Major septa in the new calice,
‘including the cardinal septum, are thin and almost equal in length. The alar septa are slightly
elongated, but only the counter septum is long, penetrating the axial part of the calice whee
it forms a-pendulum-like columella. The minor septa do not enter the calice, and the loculi
betiveen major septa are smooth. Only a single minor septum adjacent to the counter septum
is elongated on the surface of the last tabula. This tabula has a shallow depression near the
cardinal septum (the cardinal fossula) and rises most highly upwards near the counter septum.
A biform structure of the peripheral part of the tabularium does not exist in any septal loculum
observed in the calice. Septa are either not elongated on the surface of the last tabula or elongation
is very slight.

- The morphology of the mature part seen in the transverse sections (fig. 52:1e, f) is closely
comparable to that described above in the calice. The moderately thickened columella is mono-
septal. The cardinal septum is sharter in this part of growth than in the calice. The major septa,
thin and short in the uppermost sections (fig. 52:1e, f), are elongated and may be rhopaloid in
sections made just above a level of the shortening of the minor septa (fig. 52:1¢, d). The counter
septum is already long there. '

Ontogeny. — This character was not studied and illustrated in detail, becaure of poor
preservation and deep silicification of the tips of specimens studied. It has been checked in the
holotype and in some paratypes that the early ontogeny is typical for the genus and the family.
The late neanic stage shows some variability in morphology of the septa that may either be
wavy or almost straight and thickened (figs. 52:1a, b; 53:1a, 3a). The arrangement of the septa,
and the length and contrafusity of the minor septa are also typical for the genus and family.
Rapid reduction of length of the minor septa takes place early in ontogeny (figs. 52:1c, d;
53:1b, 2a, 3b, c), which distirguishes this species from the other described. Up to the stage
of shortening of the minor septa, the counter septum did not dominate in leng’h, but at this level
of growth it started to elongate, being not always protruded in height, however (pl. 19:9b).
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Fig. 53.
Lophotichium rotundiseptunt sp. n. Transverse sections. [. Specimen USNM 196960. Locality USNM 701 ; a — late neanic/
early ephebic stage, x 8; b —early ephebic stage, x 8; ¢ — ephebic stage, x 8; d — late ephebic stage, x 4. 2. Specimen
USNM 196961. Locality USNM 701k, Neal Ranch Formation; a, b — early ephebic stage; ¢, d — ephebic stage. All x 8.
3. Specimen USNM 196962, Locality USNM 701a% Neal Ranch Formation; a — late neanic stage, x 8; b, ¢ — early
ephebic stage, x 8; d—f — ephebic stage. x 4.
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Longitedinal section. — The longitudinally broken specimen provides several data about
the internal siructure of the corallites, hardly attainable in ordinary longitudinal sections.
The arrangement of the tabulae in the position perpendicular to the cardinal/counter septal plan
is oblique because ihey are inclined downwards much more steeply toward one side of the coral-
lite. This i observed both in the sections made through the columella and behind it towards
the cardinel septum (pl. 19:4, in the upper and middle parts of the corallite successively). The
tahulze are generally more steep and rise higher on the counter side. This arrangement is often
confirmed by transverse seciions made through such a tabula (e. g. pl. 18:10c). The cardinal
fossula depression is constantly developed on tabulae and it is well seen both in the middle part
of the longitudinally broken specimen (pl. 19:4) and on the lower surface of a tabula in the
transversely broken spscimen (pl. 19:15). As in the holotype, a biform tabularium was not
clearly observed at this stage of growth, although the arrangement of the peripheral tabcellae
on the convex side of the corallite (pl. 19:4, left side) could be interpreted this way.

individual variability — The structure of the columella may be permanently monoseptal
(pl. 18:10a—-c) or it may incorporate 1-—3 short, thick septal lamellae, and in rare cases, may be
temporarily separated from the counter septum (fig. 53:3d—f; pl. 18:11a, b). The thickness
of the columella is individualized, varying from very thin to pendulum-like (fig. 53:2a—d,
1b—d). Rare specimens develop comparatively long minor sepia adjacent to the counter
scpium (pl. 19:142). In most corallites, this character is only weakly marked (pl. 19:5, 13)
or not developed at all (pls. 18:10a—c, 1la, b; 19:6b, 7a, b). The minor septa, other than those
neighbouring the counter septum, are always restricted to the structure of the external walls
or are not seen at all. They are never maiked on the internal surface of the inner parts of calices,
cxcept their margins.

Shortening of the cardinal sepium differs greatly. Being weakly marked in the holotype,
it is not shortened in some paratypes (e. g. fig. 53:2a—d; pl. 19:12a) and well shortened in the
others (pl. 19:5, 7a, b, 15); some corallites (e. g. fig. 53:1a—d; pl. 18:10a—c) indicate that
this character may vary from section to section. Such a large variability makes this character
diegnostically unimportant. A cardinal tabular fossula is always present, but its depression may
vary in depth from distinct (pl. 19:5, 15) through weak (pl. 19:7a, b, 8, 14) to almost none
(pl. 19:12a, 13).

Remarks. — Several morphological characters of the species discussed, as well as trends
of variability within it, are typical for the genus and can be observed starting from its Morrowan
type species L. vescurm MOORE and JEFFORrDS, 1945 and other species of this age. It possesses
la-ger dimensions and n:d ratio different from these early representatives of the genus. Wavy
septa in early ontogeny, very early shortening of the minor septa, and lack of domination of
a counter septum in early ontogeny are its main distinguishing characters from that group of
species. This is true also for the Permian representatives of the genus here described. The major
septa short and equal in length and an almost complete reduction of the minor septa form addi-
tional differences when compared to L. simulatum sp.n. L. dugoutense sp. n. differs distinctly
by its long minor septa that are also much thinner than the major septa.

Occurrence. — USNM Loc. 701:23, 701a%:3, 701d:22, 701k:44, 7111:1, 721g:4, 727e:7,
Neal Ranch Formation, Lower Wolfcampian.

Lophotichium dugoutense sp. n.
(figs. 54, 55; pls. 20:12, 14—2[;_22:l~6; 23:1—15)

Holorype: Specimen USNM 196975, fig. 54:1a--m, pl. 22:1.
Type locality: USNM 733j.

Type horizon: Skinner Ranch Formation, Sullivan Peak member.
Derivation of the name: dugoutense — alter the type area.
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Material. — More than 300 silicified specimens representing almost all stages of growth
of corallites. Majority with calices and proximal ends preserved. Internal structure of several

corallites was destroyed by etching.

N:d ratio of representative corallites (in mm):

USNM

cat. nos. N:d ratio Remarks
196985 19:7.0 calice margin
196978 19:6.7 calice margin
" 16:5.4 ephebic stage
19698t 18:6.0 calice margin
» 17:5.1 ephebic stage
196994 19:7.4 calice margin
196995a 18:7.8 calice margin
196996 16:5.4 calice margin
196999 18:5.8 calice margin
197000 16:5.3 calice margin
196976 20:6.4 middle of calice

196975 18:6 1 ephebic stage
196983 17:5.8 ephebic stage

Diagnosis. — Lophotichium having most common n:d ratio 16—I18:5.5—7.0, maximum
20:8.0; cardinal septum only sporadically a little shortened; major septa thick at periphery,
approaching monoseptal, weak columella; minor septa very thin axially, contrafused in juvenile
portion, may in part be free, and shortened at maturity.

Description of the holotype. — Like many other corallites, the holotype was rejuvenated
axially. Its parts prior (fig. 54:1d, e) and after rejuvenation (fig. 54:1f—h) differ a little in mor-
phology. Its mature portion, investigated in the rejuvenated part (fig. 54:1h; pl. 22:1) with
n:d ratio 18:5.9 (average) has an external wall up to 1.5 mm thick, with the fine structure changed
diagenetically to the zig-zag type. The individual sets of zig-zags correspond to the major
and minor septa and document total reduction of the latter in some loculi. The minor septa,
very differentiated in length, are always thick at the periphery and very thin in their peri-axial
portions. Some of them, located in the rejuvenating part of the corallite (fig. 54:1g), may be
attached to the lateral sides of peripheral parts of the major septa. The long minor septa reach
the counter septum to form a triad.

The major septa are thick, often wedge-shaped, and almost straight. Their axial ends in the
cardinal quadrants incline slightly towards the long cardinal septum that reaches the corallite
axis. Those of the counter quadrants are directed toward the axial end of the counter septum.
The latter is rhopaloid, with an axial end bent aside. It dominates in length and thickness over
all major septa.

The morphology of the early ephebic, rejuvenated part (fig. 54:1f) differs from a comparable
part of the holotype prior to rejuvenation (fig. 54:1d, e) in having more regularly arranged,
thicker and longer major sepia, thicker counter septum, and total reduction of the minor septa
in some loculi. The sections made just before the rejuvenation started (a stage comparable to
fig. 54:1h is absent in this part of the specimen) demonstrate irregular arrangement and length
of the major septa, several of which are shortened. The counter septum is distinguishable mainly
by being thickened along all its length, while other major septa thin axially. The minor septa
are often free, short and slightly thickened. Only very few of them are elongated, thin-ended
and contratingent or contraclined.

A series of longitudinal sections made from the peripheral to the axial part of the mature
portion of the corallite (fig. 54:1i—m) demonstrates the complex morphology of the tabellae



Fig. 54.
Lophotichium dugoutense sp. n. 1. Spccimen USNM 196975. Holotype. Locality USNM 733j, Skinner Ranch Formation,
Sullivan Peak member; a — transverse section, early neanic stage, x 16; b, ¢ — transverse sections, neanic stage; d, e —
transverse sections, early ephebic stage; f, g — transverse scctions, shallow axial rejuvenation; h — transverse section,
ephebic stage; i—m — successive longitudinal sections. All, x 8. 2. Specimen USNM 196976. Locality USNM 728e,
Lower Bone Spring Formation. Transverse sections; a — neanic stage; b — ephebic stage; ¢ — just above calice floor.
All, x 8. 3. Specimen USNM 196977. Locality USNM 733, Skinner Ranch Formation, Sullivan Peak member. Transverse
section, early ephebic stage, x 8. 4. Specimen USNM 196978. Locality and horizon as above. Transverse sections; a —
early ephebic stage; b, ¢ — ephebic stage. All, x 8.



Fig. §5.
Lophotichiun dugontense sp. n. Transverse sections. 1. Specimen USNM 196980. Locality USNM 733, Skinner Ranch
Fornxation. Sullivan Pecak member: a — ephebic stage: b, ¢ — ¢phebic stage having deformed morphology: d — strange
body vvergrown by coral skeleton. 2. Specimen USNM 196981. Locality and horizon as above: a —- late neanicjearly
ephebic stage: b — carly ephebic stage. ¢ d — shallow lateral rejuvenation. 3. Specimen USNM 196982, Locality and
horizon as above; a—c — carly cphebic stage of deep, laterally axial rejuvenation: deserted calices are completely (3b)
orin part omitted from picture: d - - ephebic stage. 4. Specimen USNM 196983, Locality and horizon as ubove. Ephebic
stage, 5. Specimen 196979, Locility USNM 720e. Lower Skinaer Ranch Formation. Ephebic stage having counter septum
harfdly recognizable. 6. Specimen USNM 196984, Locality and horizon as above. Ephebic stage. All. x 8.
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and their relation to septa. The major septa are always strong and easily distinguishable, but
the thin and wavy minor septa, especially in the periaxial part of the corallite (fig. 54:1j, k)
are hardly distinguishable from the tabellae, especially in the case of a step or vertical arrangement
of parts of the latter.

In the section made axially (fig. 54:1m), the complex pattern of the tabellac and tabulae is
still visible. The axial tabulae ard iabellae may either rise steeply upwards toward the columella,
or are horizontal and partly sagging. Peripheial parts of ihe {abulae and peripheral tabellae
show arrangement in the typical iwo positions of SUTHERLAND 1965. Some sections of the tabellae
(fig. 54:11, m, lower left) are dissepiment-like.

The ontogeny of the holoiype has been investigated from the stage of 8 major sepia ani
diameter 1.8 x 1.6 mm (fig. 54:1a). The counter septum domina‘es in thickness already as early
as this stage. The long cardinal septum reaches the corallite axis, but its fusion with the counter
septum is uncertain due to poor preservation of this part of the corallite. The long, conirafused
minor septa are already present at the counter septum, the counter — lateral septa, the alar
septa, and the first pair of meiasepta in the cardinal quadrants. All minor septa siay long and
contrafused during the first 2.2 mm of growth investigated (fig. 54:1b, ). They became irregularly
shortened afterwards, often losing their contrafusity (fig. 54:1d, e), as described above.

Individual variation. — Ontogeny seen in the etched calices. — The ontogenetically youngest,
horn-shaped specimen having its convex side 2.7 mm long and having a diameter of |.1 mm
at the calice maigin, represents a most probably aseptate stage of development. Both its
external surfac: and the inner surface of the calice show no traces of foundations of septa
(pl. 20:15, b). The calice margin is partly broken and partly disfigured by silicification; it
cannot provide any certain information about the occurrence of septal undulation at this stage
of growth. The calice is 2.2 mm deep. The deeper part of the corallite is filled in with amorphous
silica that probably replaced calcium carbonate deposits secreted at the floor of the postlarval
calice.

The appearance of the first septa has not been traced in the collection studied. The onto-
genetically youngest specimen in this respect is 3.4 mm long, with the calice 1.6 mm deep and
1.5 1.3 mm wide at the margin. Its external surface is almost smooth, showing only very delicate
growth striae (pl. 23:1a). Septal furrows are not yet developed. The almost complete margin
of its calice does not show the undulation characteristic for foundations of septa (pl. 23:1b).
The latter are absent also in the upper part of the calice. Four (five ?) septa may be distinguished
at the calice floor, however. Two of ihese septa are elongated up on the calice wall. One of them
(alar?) reached up to the middle of the calice depth, the second one (cardinal (?) counter(?))
almost reaches the calice margin (pl. 23:1b).

The nextjuvenile specimenillustrated (pl. 23:9) and several investigated but not illustrated ones
invariably exhibit an absence of septal furrows on their external walls. This and the lack of
septal futrows on all proximal ends of specimens of Lophotichiidae WEYER, 1972 investigated
herein, suggests that this character is general (diagnostic?) for the whole family.

The collection studied does not contain well preserved specimens representing the stage
of first appearance of metasepta and minor septa. All better preserved specimens (e. g. pl. 23:5)
represent a slightly more advanced stage of development, with an arrangement of septa similar
to zaphrentoid and with the cardinal and the counter septum dominating. They either form
a continuous axial septum or come so close to each other as to meet at the corallite axis. Minor
septa, most commonly underdeveloped, may in some calices be seen from a calice margin
down to the middle part of it (pl. 23:9).

The increase of septa depends on corallite diameter. Specimens having narrow calices,
although long, possess septa increasing slowly, while corallites with wide calices produced many
foundations of septa at the calice margins. The number of septal blades in the inner parts of
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such calices remains restricted, however. In some young calices (pl. 20:14), the cardinal septiine
may slightly dominate over the counter septum.

There is some discrepancy in morphology (and morphogenesis?) between the youngest:
(pls. 20:15a, b; 23:] 2, b) and the ontogenetically slightly more advanced specimens (pls. 20:14;
23:5, 9) as to the sequence of appearance of foundations of septa: first at-a calice floor or at
its margin. This problem will be more widely discussed in one of volumes of this paper which:
follow.

External characters (pls. 20:12, [4—21; 23:1—15). — Corallites are-clongated, having an ave-
rage diameter to leng hratio = 1:3—1.5, irregular in shape, then horn-shaped, with the cardinal
septum located on iheir convex side. Short attachment processes are commonly present ; attach-
ment fla“tenings occur only in the juvenile portions, and talons have not been observed. Several
specimens are cemented to calcareous algae (now silicified), bryozoan colonies; brachiopod:
shells or form groups atiached to each other (pl. 23:15). Rejuvenescence, almost exclusively:
axial and often very deep, is commonly observed (pls. 20:12b, 17a, b;:23:2—4; 7, 10a, 11).
External surfaces of corallites bear delicate growth striae and distinct but shallow septal farrows:
(pl. 20a,20:12a,16b,19a,21b). Calices (pls. 20:12b, 14, 16a,17b, 18, 19,20a,20b, 21 a; 23:1—15)-
are up to 12 mm deep, with approximately 2 mm widec marginal zonés undulated into small,
shallow, equally developed foundations of the major and minor septa. The narrow intermediate
zone of the calices is characterized by elongation of blades of the major septa and disappearance.
of the minor septa, which became incorporated into the external wall (pls. 20:12b, 17b,2la3:
23:3a, 4, 6, 9). Traces of the minor septa in the internal zone of calices may sometimes -be-
distinguished as low elevaiions in the middle parts of septal loculi; well developed blades of the:
minor septa are not seen in these parts of the calices, however. The counier septum is the most:
prominent septum in calices, but it did noc produce a prominent columellae. The cardinal septun
is most commonly the second in lengih, and alar-septa are often the third. Shotrtening of:the
septa in quadrants is regular, but the bilateral symmetry may be camouflaged by irregular
curvature of the corallites, causing some irregularity in the arrangement of septa.: AH-differetices
in the morphology between the calices and the thin sections e: g. figs. 54:2a=—c, 4a—c; 55:2a~~d;
pls. 20:18, 19b; 23:10a iook place just above the calice floors and on their level.:. .~ = .

The calice. — General morphology of the calices was described above within the paragraph
“External characters”. The following discussion is restricted to the vatiability' of some more
important structures. The general morphology of calices is mentioned only when ‘nccessary.’

A vatiant most common for the species, including well over half the specimens, shows the:
cardinal and the counter septum dominating and meeting but not uniting at the corallite axis;
other major septa fairly long, coming very close to the former two; and individual quadranis
well defined due to shortening of the last pairs of major septa (pls. 20:16a, 21a; 23:3b, 6, 8).
All juvenile specimens pass through ithis morphology, increasing the total numbeér of represent-
atives of this variant. Being most common among small and medium sized corallitcs, it may-also:
include the largest within the collection. In several laige calices the major septa: withdraw
a little from the corallite axis, bui the cardinal and the counter sepium remain elongated.
A columella never occurs, but the counter septum dominates a little over the cardinal septum
(pl. 23:3a, 6, 8) or, less commonly, these two-septa are equal in lengih and height (pl. 20:2La).
They remain elongated 2lso in the case of shallow rcjuvenation (pls. 20:12b; 23:7, 11): =

A group of the short septal specimens (pl. 23:2, 13) may ecither be considered a separate
variant or extreme represcntatives of the main variant desciibed above. They are always large
specimens and may possibly be considered intermediate beiween the main variant and the raré
variant of corallites with the major septa in the calice not differentiated in length (pl: 20:19b).
This morphology follows the stages of growth with the counter septum:weakly- elongated. The
short septal group of specimens (pl. 23:2, 13) may also be considered as leading towards.a-group.
of specimens with only a counter septum dominating and with all other major septa more or
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less withdrawn from the corallite axis. The caidinal septumin this group of specimens may cither
be-equal to’other major septa (pl.-20:18) or may be slightly shortened (pl. 23:3a, 12). The last
variant invariably includes the largest corallites. Juvenile corallites do not show this morphology.

Transverse sections. — The morphology of calices looks at first glance fairly different
from that of the transverse sections made just beneath them. This oconcerns the thickness of
major septa and especially the rhopaloid, long, counter sepium and the length of the minor
septa ihat are almost or entirely absent in calices. [hese differences resulted from changes
it development of the strustures in question just above or on the surface of the last tabula.
They are hardly, if at all, seen in the calices having long major septa. In the case of the short-
septal-calices . (pl.720:18; 19b), the arrangement and length of septa beneath the calices may
depend.-on. the stage of development (fig. 55:2a—d; pl. 22:6), although individual differences
are also noticeable (. z.-pl. 20:18 versus fig: 54:4c, the section made just beneath the calice
floor and showing the major and minor septa long). Particular transverse sections of given
corallites are morphologically inconsiant in several details (figs. 54:2b, c, 4b, c; 55:1a—d,
2b—e, 3a—e¢). In this contexf, coniparison of the parallel growth stages of separate corallites
shows comparaiively small individual variation. It can also be siated ihat variants in the sections
and in the calices are patallel and are observed in length and in the mutual relation of the cardinal
and the counter septa, in the slight shortening of the cardinal septum in some corallites, thickness
and length of the counter septum, and other major septa. Unfortunately, these obsrvations have
‘beén made” mostly on different specimens, because those with well ciched calices oficn have
the internal siruciure pertly destroyed.

... One of the corallites investigated in detail (fig. 55:1a—d) differs in the moiphology beneath
“the calice floot from all other specimens in having long, thin-ended cardinal and counter septa,
slightly elongated alar septa, and other major septa distinctly withdrawn from the corallite
axis. The morphology of the younger part of this spccirrcr (fig. 55:1a), although incomplete
shows all the main characteristics typical for the species. The uppermiost scction of the same
specimen (fig. 55:1d) exhibits a strange body (a sharply contoured grain of limestone) closely
surrounded by the iabulae. This grain was p1obably present in the gasirovascular cavity of the
polyp, causing changes of the corallite morphology described. Some specimens (e. g. figs. 54:3;
55:6) have several long septal carinae imitating the longitudinal splits of major septa. Individual
carinae of this kind are observed in most of the sectioned specimens of the species discussed.

Minor septa are:very differentiated in length, not only in sepaiate corallites, but also in
individual scctions of the same corallites and even within a single section (figs. 54:2b 4c;
55:2e,3—5; pl. 22:2, 4, 5). In some loculi they may be as long as the majot septa, while in some
others they may disappear totolly. They are fairly often “bipartite”. Their peripheral, thickened
parts are connected, often with some angle (fig. 55: 3, 6) to very ihin, periaxial parts. The latter
look like sections of iabulae, but their microstructure is trabecular.

Remarks. — L. dugoutense sp. n. is more similar to L: vescuin MOORE and JEFFORDS, 1945
from the Morrowan of Oklahoma than to most of the species of this genus here described.
Better developed contrafused minor septa in the-juvenile stage, a thinner columella that never
incorporates sepial lamellae, much less accentuated tendency to short major septa, smaller
dimensions, and slightly different n:d ratio form a set of characters distinguishing it from the
type species of the genus.

All of these distinguishing characters are either simplifications of some structures typxcal

~for the genus (e. g. columella as a simple elongation of a counter septum) or continuation of
juvenile image of other ones into mature portions of corallites (long minor septa, long or weakly
shortened cardinal septum, lack of distinct columella). All thesé characters, as well as absence
- or-advanced underdevelopment of minor septa in calices, bring the species discussed close to
" Paraduplophyllum (Vacoea) subgen. n. Some specimens of P. (V.) tubaeformis sp. n. and P.
* (V.)wermiculare sp. n. have a columella developed in the calices, although this structure is
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never seen in sections. Some other species P. (V.) amplexoides sp. n. have shortened minor septa
in sections. The mentioned similarities, very close indeed, may either be interpreted as advocating
against distinction of P. (Vacoea) subgen. n. as a separate taxon or as an indication that the
latier is closely related to Lophotichium. The second possibility is accepted herein, although
L. dugoutense sp. n. is not considered a species intermediate between the genera mentioned.
Acceptance of the first attitude to the material must ignore several small but constant qualitative
characters. With a number of species described already and present on the higher stratigraphic
levels within the collection studied, the genus Lophotichium will soon be a “waste-basket”
similar to that of Cyathophyllum GOLDFuss, 1826 some years ago.

Occurrence. — USNM 707d:2, 7221:1, 733j: over 300, Skinner Ranch Formation, Sullivan
Peak member; 720e:2, Lower Skinner Ranch Formation; 728e¢:2, 732e:1, Lowet Bone Spring
Formation; 738r:1 Cibolo Formation, Breccia Zone. Upper Wolfcampian.

Lophotichium simulatum sp. n.
(figs. 56, 57; pls. 22:7—18; 23:13, 16—20; 24:1—19%)

Holotype: Specimen USNM 197007, fig. 56:1a—g, pl. 24:11a, b.
Type locality: USNM 7221.
Type horizon: Skinner Ranch Formation, Sullivan Peak member.

Derivation of the name: \at. simulatus, a, um, — seeming — after its similarity to the genus Lophophyllidium Grarav,
1928.

Material. — More ihan one hundred and fourty si'icified specimens. Several of them are
clmost complete, having calices and proximal ends preserved.

N:d ratio of representative corallites (in mm):

USNM .
cat. nos. N: d ratio Remarks
197007 24:11.7x11.4 calice margin

» 22: 7.8x 7.5 just beneath calice

N 22: 6.0x 6.0 early mature stage
197015 22:10.0x 8.2 calice margin

. 22: 9.1x 74 mature stage
197011 20: 6.7x 6.4 calice margin

» 19: 6.5x 6.0 mature stage
197033 24:10.2x 9.3 calice margin
197032 24: 9.3x 8.5 " "
197034 22: 7.8x 1.3 » "
197031 20: 8.5x 8.0 » '
197030 21: 7.7x 7.3 " "
197029 19: 7.1 % 6.6 » v
197036 18: 5.3x 4.7 » »
197028 17: 8.3x 5.1 " ”
197027 14: 3.5x 3.3

Diagnosis. — Lophotichium with n:d ratio at calice margin up to 24:12.0; mature morphology
lophophylloid with thin, elongated counter septum; major septa thin; minor septa in mature
stage free, shortened.

Description of the holotype. — External characters (pl. 24:11a, b). The specimen is elongated,
almost conical, only slightly curved, with the cardinal septum located perpendicularly to the
curvature, The well preserved external wall bears distinct septal furrows and delicate growth



Fig. 56.

Lophotichium simudatum sp. n. 1. Specimzn USNM 197007, Holotype. Locality USNM 7221, Skinner Ranch Formation,

Sullivan Peak member; a — transverse section, neanic stage, b, ¢ — tronsverse sections, early ephcbic stage, d, © — trans-

verse sections, ephebic stage: f—h — successive longitudinal sections. 2. Specimen USNM 197008, Locality USNM

738r, Cilolo Formation, Breccia Zone. Transverse seclions. a - laic ncanic/early ephebic stage; b — ¢cphebic stage.

3. Specimen USNM 197009, Locality USNM 720¢, Lower Skinncr Ranch Formation. Transverse section, eplicbic stage.

4. Specimen USNM 197010. Locality and horizon as above. Transverse scctions:; 3 — neanic stage; b, ¢ - - ¢phebic stage,
5. Specimen USNM 197011, Locality and horizon as above. Transverse scciion, cphebic stage. All, x 8.



Fig. 57.
Lophotichium simulatum sp. n, Transverse sections. 1. Specimen USNM 197012. Locality USNM 720e, Lower Skinner
Ranch Formation; a—¢ — successive scctions, ephebic stage, x 8. 2. Specimen USNM 197013. Locality USNM 7054,
Lowcr Skinner Ranch Formation; a, b — ephebic stage, x 4. 3. Specimen USNM 197014. Locality USNM 720e, Lower
Skinner Ranch Formation. Ephcbic stage, x 8. 4. Specimen USNM 197015, Locality USNM 728e, Lower Bone Spring
Formation; a, b — ephebic stage, x 8. 5. Speeimen USNM 197016, Locality USNM 702d, Hess Formation, Taylor
Ranch member. Ephebic stage, x4. 6. Specimen USNM 197017, Locality and horizon as above. Ephebic stage, x 8.
7. Specimen USNM 197019, Locality USNM 733}, Skinner Ranch Formation, Sullivan Peak member. Ephebic stage, x 8.
8. Specimen USNM 197018. Locality USNM 720¢, Lowcr Skinner Ranch Formation. Ephebic stage, x 8.
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striae. The calice is 14 mm deep, occupying almost a third of the corallite length. The upper margin
of the calice, approximately 4 mm wide, bears very delicate, shallow foundations of equally
developed major and minor septa. They undergone rapid development in the intermediate
zone of the calice and rather slow development in its inner part, becoming almost “h” shaped
in the outline (pl. 24:11b) and leaving a comparatively large axial area of the calice free. The
alar septa are slighily and the counter septum distinctly elongated. The axial end of the latter
forms a nariow, slightly curved columella, protruded 3 mm above the calice floor. The young
corallitec developed in the discussed calice postmortem, shadows the cardinal sepium area.

Internal characters. — In the younger preserved part of the holotype (fig. 56:1a) having
n:d ratio 15:3.5:23.1, major and minor septa are almost equally developed, thin, grouped in
systems, with many of the minor se¢pta remaining contrafused. The cardinal septum almost
meets the counter septum at the corallite axis, being distinguishable only by the arrangement of
other major septa. A cardinal septal fossula is not developed, but there is a true tabular fossula
present. .

The next sections, made 6.5 mm and 7.5 mm above the first one, show a morphology differ-
ent from both the youngest and the fully mature parts of the specimen (fig. 56:b). It is considered
as being at the late neanic stage, because of closer similarity to the former. From all protosepia,
only the counter septam is slightly thicker and more prominent than other major sepia. It is
located in a kind of pseudofossula formed by the arrangement of the minor sepia adjacent to
it. Either one or both of these septa join not the counter but the counter-lateral sep.a. The
cardinal septum is distinguishable by its slight shortening and by lack of the adjoining minor
septa. Other major septa are slightly thicker than the minor septa, but they are only a liitle longer
than them. All septa together form four indistinct sysiems by having their axial ends joined
near the corallite axis.

The morphology of the mature portion of the specimen (fig. 56:1¢, d) resembles that of the
genus Lophophyllidium GraBau, 1928. The major septa are slightly rhopaloid or thin, differ-
entiated in length. The well elongated counter septum is slightly thickened axially, where a single
septal lamella is additionally incorporated in it. The slightly shortened cardinal septum is located
in an inconspicuous fossula. The minor septa do not reach more than half the lengih of the
shortest major septa, being much shorter in most septal loculi. They are almost invariably free.
The contratingent-like arrangement of some of them is apparent and was caused by sections of
tabulae, connected to their inner ends (contrajunct).

[n the longitudinal section of the peripheral parts of the specimen (fig. 56:1¢e, g), some septa
show lateral protuberations similar to incipient carination. Thisare also ihe sections that best
show the biform type of tabularium. In the axial section (fig. 56:1f), the tabulae are irregularly
spaced, inclined more or less steeply upwards at the periphery and horizonial or even slightly
sagging in ihe axial area, where they reach the columella. The amplexoid character of the major
septa and the relation of septa and tabulae is well illustrated by the broken specimen (pl. 24:13):

Individual variation. — Two main trends of development can be observed. One of them (fig,
57:1a—c, 7; pl. 22:7, 8) tends towards L. dugoutense sp. n. in possessing fairly long major septa,
almost equal in length and a comparatively long cardinal septum. The second trend leads
towards reduction of the minor septa in mature portions of specimens. Exireme specimens
(fig. 57:3, 4, 8; pl. 22:11, 12a, b, 17) reduced their minor sepia completely. Some intermediate
ones (figs. 56:4b; 57:2a, b; pl. 22:9, 15, 16, 18) have the minor septa very variable in Iength.
up to total reduction in some loculi. Differentiation of lengih of the major septa and shortening
of the cardinal septum aie more advanced in the second trend. Length of the counter septum
varies in individual specimens independently of other characters, e. g. it may be elongated just
beneath the calice and indistinguishable on the calice floor (fig. 56:5; pl. 23:13). Variants in
dimensions, although fairly large, are proportional (table).

In calices, the counter septuny varies from not elongated (pl. 23:13, 17, 20), through slightly

11 — Palaeontologia Polonica 48
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elongated (pl. 24:3, 8b, 9, 14) to distinctly elongated, but only slightly protruded above the
last tabula (pls. 23:18a, 19; 24:5b, 7b, 15). The calice floors are always flat in the axial part and
distinctly differentiated at the periphery owing to the arrangement of iabulae in two positions.
This is well developed also in the case of a total reduction of the minor septa within a coralliie
lumen (pl. 24:10, 13). The cardinal septum is marked by being located in a deep depression,
while a high protuberation of the tabula joins the lateral sides of the counter sepum.

Remarks. — The species described is most similar to L. dugoutense sp. n., especially in the
ontogeny up to the late neanic stage. Up to this level these two species are indistinguishable.
The mature morphology of most of the specimens differs distinctly from this and the other so
far described lophotiichids in its strongly lophophylloid character.

Occurrence, — USNM Locality 724p:1 Skinner Ranch Formation; 705a:22, 715v:l,
716t:1, 720e:56, Lower Skinner Ranch Formation; 707w:4, Skinner Ranch Formation, Decie
Ranch member; 707ha:3, Skinner Ranch Formation, Poplar Tank member; 7221:15, 733j:13
Skinner Ranch Formation, Sullivan Peak member; 7231:1, Skinner Ranch Formation (top);
702d:6, Hess Formaiion, Taylor Ranch member; 725¢:3, 728¢:9, 728f:4, 728h:1 Bone Spring
Formation; 7281:1, 738r:1, Cibolo Formation, Breccia Zone. Upper Wolfcampian.

Lophotichium sp. 1
(fig. 58:1)

Material. — Single, incomplete specimen having slightly damaged internal structurc was
available for study. The young corallite existing in its calice was interpreted as having been
developed due to a deep lateral rejuvenation or offsetting. Unfortunately the part of that small
corallite most important for making that supposition certain was destroyed by sectioning of
the old calice.

Description. — The exist'ng part of the widely ceratoid or trochoid corallite is 10 mm long
and slightly diagenetically flattened in the cardinal-counter septa plan. The external surface
bears narrow, distinct septal furrows. The calice was approximately 5 mm deep, with major
and minor sepia well developed up to its upper part (fig. 58:1d).

The ontogeneiically youngest morphology (fig. 58:1¢€) is interpreted as resulting from reju-
venation (offsetting ?). This is indicated by the structure of two elongated septa of the old calice
margin. They form a basis for the attachment of part of the new external wall with some new
scpta developed on it (fig. 58:1¢, lower left). Disconnection of this wall from the rest of ihe wall
that surrounds the young corallite and a seeming duplication of some parts of the wall (fig.
58:1e, lower left) was most possibly caused by curvaiure of the young specimen and skewness
of the section. The lower, marginal part, separated on the picture from the young specimen but
connected to the old one, is ontogenetically youngest.

In morphology of the young specimen (fig. 58:1e), the large, trilobate columella dominates.
Poor preservation did not permit establishing the complexity of its morphology suggested by
the outline. Major septa are long, with several of them connected to the columella. Their arrange-
ment is irregularly pinnate, with the cardinal septum indicated mainly by this arrangement.
It does not meet the columella, but it is not distinctly shortened eiiher. The minor septa do not
extend more than half the length of the major septa. They are most commonly free or only contr‘ -
junct, and rarely contratingent.

The ontogenetically youngest and two subsequent sections of the larger corallite (fig. 58:1 a—c)
show a morphology slightly different from the described above. The columella is monoseptal,
pendulum-like in the youngest section and step by step thinner upperwards. The major septa
are long, but they do not meet the columella. Many of them are more or less rhopaloid. The
cardinal septum is not shortened, but it may be slightly thinner than the other major septa.
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Fig. 58.
1. Lophotichium sp. 1. Specimen USNM 197043, Locality USNM 713e, Gaptank Formation, lower bioherm. Transverse
sections; a—c — early to late ephebic stage, x 8; d — just above calice floor; foundation of offset (?) upper right, x4;
e — early ephebic stage of offset (?), x 8. 2. Lophotichium sp. 2. Specimen USNM 197044, Locality USNM 706x, Neal
Ranch Formation, Transverse sections; a — neanic stage; b — early ephebic stage; ¢, d — ephebic stage; e, f — middle
part of calice. All, x8.

11¢
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Its shoriening is more clearly noticeable in the middle part of the calice (fig. 58:1d). The minor
septa bencath the calice reach less than half the length of the major septa, being almost invariably
free. Their length in the calice is relatively greater due to shortening of the major septa.

The lower right side of the middle part of the calice (fig. 58:1d) was most possibly an area
of a very early stage of lateral rejuvenation (offsetting?). There are some septal bodies not
belonging to any old septa, but obviously hanging on them. This small area is filled in with cal-
cite, like all septal loculi beneath the calices, while in the other parts of the calice a sandy matrix
occurs. Unfortunately, this small remaining part is inadequate for any detailed description.

Remarks. — The species discussed is geologically oldest of all the specics of Lophotichium
described in this paper. Its precise stratigraphic position within the Gaptank Formation is
unknown. COOPER and GRANT (1972—1977) described from this locality the following new
species: Echinauris subquadrata, Limbella costellata, Composita sp., Kozlowskia sp., and
Reticulatia sp.

The main morphological characters of Lophonc/uum sp. I, i. e. the only modemtely long,
mainly free minor septa in the late neanic/early ephebic stage (ﬁg 58:1¢) and the ontogenetically
late shortening of the cardinal septum, form a combination of features that distinguish it from
the geologically younger Lophotichium sp. 2 and from the Morrowan species of Lopholic/zium
From these two characters, the late shoriening of the cardinal septum seems phylogenetically
important. It is observed also in Lophotichium sp. 2, indicating a growth tendency that resulted
in appearance of Assimulia gen. n. A. uddenitense sp. n., the so far oldest representative of the
latter genus shows this character well developed.

Shortcning of the minor septa, considered here a specific specialization, prevents considcring
Lophotichium sp. | as a direct ancestor of Assimulia gen. n. The mosaic of characters of Lopho-
tichium and Assimulia gen. n. observed in the Late Carboniferous — Early Permian indica‘cs
that branching off of Assimulia gen. n. might have taken place somewhere at the Carboniferous —
Permian boundary.

Occurrence. — USNM loc. 713e:1, Gaptank Formation.

Lophotichium sp. 2
(fig. 58:2)

Material. — Single specimen, 25 mm in incomplete length, with the late neanic portion-of
growth preserved. The approximately 17 mm deep calice, 14.79.5 mm in the widest preserved
part, is filled in with fabric and is diagenetically flattened. The internal siruciure is fairly well
preserved, in calcite. T

Description. — The corallite is widely ceratoid, having delicate but distinct septal furrows
on its surface. The ontogenetically youngest transverse section preserved, with n:d ratio 19:
4.8:23.8 (fig. 58:2a), shows the morphology typical for the family and genus and similar:to
L. rotundiseptunt sp. n. due to a waviness of septa and irregularity of their arrangement. The
cardinal septum is located on the convex side of the corallite. .

The waviness of septa is a constant character for the specimen discussed, lasting up to the
middle part of the calice (fig. 58:2¢, d). The highest subcalicular transverse section, with nid
ratio 23:6.5x 5.4 (fig. 58:2b), shows the major septa very long, coming close to the counter
septum. The latter is elongated to the corallite axis and slightly thickened to form a weak colum-
ella, Thickness of the latter increases, becoming the greatest in the middle part of the calice
with n:d ratio 24:8.5x 6.0 (fig. 58:2¢). The cardinal septum remains long up to the calice. Its
varying length (fig. 58:2c—f) may be apparent and caused by diagenesis or mechanical des-
truction. The minor septa remain long and coniratingent in the lower part of the calice, but
their blades are developed also in the upper part of the laiier withn:d ratio 25:10.5x 7.0 and
25:11.7x7.0 (fig. 58:2¢, f).
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Remarks. — The specimen described, in its ontogenetically youngest known part is most
similar to L. rotundiseptum sp. n., but its further growth differs completely in the long lasting
minor septa. This a character may be compared to L. dugoutense sp. n. and to some specimens
of L. simulatum sp. n. Septa in both these species are straight, with the major and minor septa
distinctly differentiated in thickness, columellae are thinner, dimensions much smaller, and n:d
ratios different. It resembles most closely Lophotichium sp. 1, also represented by a single speci-
men. Slightly rhopaloid major septa of the latter, its contrajunct or free minor septa in the subcali-
cular region, and shallower calice form major distinctive characters from Lophotichiunt sp. 2.
Both these specimens were described because of their possible value for phylogeny of Lophoti-
chiidae, although their preservation is poor.

The early ephebic stage of the specimen discussed (fig. 58:2b) can be closely compared to the
ephebic stage of Assimulia uddenitense n. sp. from the Uddenites-bearing member of the Gaptank
Formation. Development of such a morphology in the geologically younger representative of
Lophotichium here described, i.e. of the genus considered here as possibly ancestral for Assimulia
gen. n., is one more indication of close relation of these two taxa.

Occurrence. — USNM loc. 706x:1, Neal Ranch Formation.

Genus Assimulia gen. n.

Type species: Duplophyllum septarugosum MOORE and JEFFORDS, 1945

Synonyms: Duplophyllum Moore and JEFFORDS, 1945, non KOKER, 1924, Stercostylus Ross and Ross, 1962, non
JEFFORDS, 1947,

Derivation of the name: lat. assimulo — (o imitate — after its similarity to Lophotichium MoORE and Jrrrorps, 1945
and Epiphanophyllum ILiNa, 1970.

Subgenera assigned: Assimulia subgen. n., Ericing subgen. n.

Diagnosis. — Lophotichiidae having major and minor septa long in funnel-shaped calices;
columella not developed in calices, but counter septum may be well elongated in sections;
cardinal septum not shortened; septa, especially minor, strongly wavy and/or disintegrated
into zig-zag carinae.

Remarks. — The family status and possible inter-relations of genera here included in Lopho-
tichiidae WEYER, 1972 were discussed in several aspects in remarks on the family, on the genera
Lophotichium MOORE and JEFFORDS, 1945 and Paraduplophyllum (Vacoea) subgen. n. The follow-
ing remarks are restricted to a simple morphological comparison of Assimulia gen. n. to the
related or similar genera and to pointing but distinctions and similarities between the subgenera
distinguished.

Assimulia gen. n. differs from Lophotichium MOORE and JEFFORDs, 1945 first of all in possessing
funnel-shaped calices having both cycles of septa well developed and in having the cardinal
septum never shortened more than other major septa. [n some instances it is longer than neigh-
bouring major septa. In calices of the nominative subgenus, the cardinal septum may be one
of the highest protruded major septa, sometimes equalling the counter septum. Such a develop-
ment of the cardinal septum is never observed either in the Morrowan typc species or in the
Permian representatives of Lophotichium. It should be mentioned, however, that the cardinal
septum in L. dugoutense sp. n. shows several similarities to those mentioned above. The cardinal
septum in calices of 4. (Ericina) subgen. n., located in the inconspicuous but clearly seen cardinal
fossula, may protrude slightly less than other major septa. Even there it is not shortened, however.

The rhopaloid character of major septa, the disintegration of septa into zig-zag carinae,
especially well developed on the minor septa, the development of the elongated counter septum
rather than a columella, and the lack of tendency toshorten the minor septa, are additional
characters developed in all or in some representatives of Assimulia gen. n., but not present
or only sporadic and underdeveloped in Lophotichium MOoOORE and JEFFORDS, 1945,
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Genus Epiphanophyllum 1LINA, 1970, very distinct from Assimulia gen. n. if oriented as
originally proposed by ILINA 1970, comes close to it when reoriented and its columella forming
septum considered as the counter septum. This problem has been discussed in more detail by
FEDOROWSKI (1986 a). Supposing this reorientation correct, there will still remain the following
differences between Assimulia gen. n. and Epiphanophyllum TLina, 1970:1. Extremely long
minor septa that not only are longer than the major septa but often join each other above the
latter, including the reinterpreted cardinal septum. 2. Several bends of most of the minor septa
are so distinct as to form plates joining the neighbouring major septa in the manner of transverse
sections of tabulae in Position II of SUTHERLAND 1965. 3. Axial parts of tabulae are concave
not convex or flat like those in Assimulia gen. n.

The listed differences are, in my opinion, substantial enough to distinguish the discussed
genera, even if the cardinal septum is positioned as reoriented and if the not yet known early
ontogeny of Epiphanophyllum appears to be similar to that of Assimulia gen. n., which is predicted
here. Epiphanophyllum, a highly Upper Permian genus may well be considered descendent of
Assimulia gen. n., however.

Distinction between Paraduplophyllum (Vacoea) subgen. n. and Assimulia gen. n. may in
some instances be difficult. This concerns mainly A. (Ericina) subgen. n., the more primitive
taxa of P. (Vacoea) subgen. n. and P. (Paraduplophyllum) multiplicatum sp. n. In sections all
these taxa exhibit a similar grouping of the major septa and absence of the columella. The zig-zag
carinae in A. (Ericina) subgen. n. versus smooth septa in primitive P. (Vacoea) subgen. n. form
the main differences. This would be considered inadequate if there were not substantial differ-
ences in depth and structure of calices. The latter character, considered here as physiologically
important and genetically well determined, was the main basis for distinction of the taxa discussed
and for placing A. (Ericina) subgen. n. in close relation to A. (A4ssimulia) subgen. n.

The two subgenera mentioned differ most clearly in their transverse sections. The commonly
continuous septa of both cycles, the rhopaloid majorsepta, and the elongated counter septum
in Assimulia (Assimulia) subgen. n. are replaced by the disintegrated, sharply ended major septa
and the unelongated counter septum in A. (Ericina) subgen. n. As stated above. calices of both
subgenera discussed are very similar, but the cardinal septum in 4. (Ericina) subgen. n. is slightly
less protruded and Jocated in a more easily distinguishable cardinal tabular fossula than that of
A. (Assimulia) subgen. n.

The differences listed above are not always clear in A. (A4.) flexibilis sp. n. A very broad
internal variability of this species (see description), with several trends of development, places
it as morphologically intermediate between the subgenera discussed. Closer agreement of most
of the specimens of this species with A. (Assimulia) subgen. n. reflects placement this taxon.

Genus Asserculinia SCHOUPPE and STAacUL, 1959, emended and discussed by FEDOROWSKI
(1986), can formally be compared with Assimulia gen. n. as having the columella built from
a counter sepium. Tts different ontogeny, comparable only to that of Duplocarinia FEDOROWSsKI,
1986, the short minor septa that became free in early ontogeny, and the metriophylloid carinae
facilitated its distinction from Assimulia gen. n.

Subgenus A4. (Assimulia) subgen. n.
Tvpe species: as for genus
Synonyms: as for genus.
Species assigned: Duplophyllum septarugosum Moore and JErFoRrDs, 1945, Sterevstylus tergidus Ross and Ross, 1962,
A. (A) abscessu sp. n., A, (A.) arta sp. n., A. (A.) compactasp. n., A. (4.) flexibilis sp. n., A. (4.) frequentis sp. n., A. (4.)
uddenitense sp. n., A. (4.) sp. L.

Diagnosis. — As for genus, but septa only sporadically disintegrated; major septa slightly
rhopaloid; counter septum permanently elongated in mature sections.
Remarks. — As for genus.



TABLE 12

Morphologically-comparative table of species of Assimulia gen. n.

CALICE BENEATH CALICE
N £ ; Major septa Minor septa ’ Cardinal septum ‘ Counter septum . ] - N:d ratio
ame ol species | ! Cardinal Columeila Arrangement of Axial Morphotogy of | Thlc'kness. of . Counter ! Cardinal
Shape ‘ | 4] fossula major septa xtal area major septa | major/minor Minor septa septum ‘ septum
‘ Wall Floor Wall Floor Wall Floor Wall Floor | septa from — to commonest
| |
|
Assimulia (Assimulia) uddenitense sp. n. Lack of observations Radial to semi-pin- | Small, free | Slightly wavy A lmost equal Very long, Slightly | Tend to 25:6,7 ?
nate | and rhopaloid contratingent, elongated | shorten
’ contraclined [ |
Assimulia (Assimulia) tergida (Ross and | Funnel-shaped; | Elongated Meet or al- ‘ Shorter and | Contratin- May be a \ Often ‘ May be Slightly Very narrow | Counter Radial Small, free, | Strongly wavy, | | Long, contra- | Elongated; | May be a
1/4—1/8 of co- | downwards | most meetat | thinner than | gent, long little protruded ! slightly or well and shallow | septum sporadically | noncarinated, ” tingent, contra- | often to form| little elong- |18—26:4.5—10.0|21—22:5.7—7.0
rallite length axis majors protruded protruded protruded highly wide rhopaloid clined or free columella ated insome
in some | lowermost protruded
|
Assimulia (Assimulia) arta sp. n. Lack of obser vations Radial to semi Stereoplas- | Wavy; in ext- | Slightly differ- | Long, contra- | Elongated, | Vary in
-pinnate micinfilling | ernal wall often | entiated tingent or axially | length in 25—27:9.8—14.5 ?
or septa meet| split contraclined thickened | individual
axially ‘ ‘ | sections
? |
Assimulia (Assimulia) abscessa sp. n. Funnel-shaped; A Imost meet Equal to Rarely Equal to Often ? absent Absent Radial Major septa | Rhopaloid;zig- | Differentiated As above; zig-  May be May be
1/3—1/5 of co- ” at corallite ” ” other major | slightly other major | slightly of very almost in zag carinae may zag carinae elongatedin = elongatedin |18—24:4,5—8.5 |20—22:5.5—7.0
rallite length axis septa protruded septa protruded shallow touch axially | occur at peri- common at some sections! some sections :
phery periphery |
Assimulia (Assimulia) flexibilis sp. n. Funnel-shaped; As above; May be a Often In most Rarely Semi-pinnate; in Rarely free; | Wavy, bent to- | Slightly As above; } Commonly |
1/3—1/4 of co- ” bent towards ” ” little ” slightly strongly ” present counter quadrants | often sepra | wards cardinal | differentiated rarely free fonger than ” 11—21:2.5—6.0 |13—16:3.0—4.5
rallite length cardinal s. ‘ protruded | protruded protruded slightly shorter meet axially | septum; zig-zag i adjacent |
| downwards | | carinae occur septa ’
Assimulia (Assimulia) frequentis sp. n. Funnei-shaped; Meet at co- | Disappear Slightly May pro- Slightly Slightly ! Absent Absent Almostradial; juve- | Septa meet | Rhopaloid, Some may be | Commonly
1/2—1/4 of co- » rallite axis | between ma- » protruded trude more = protruded or well nile arrangement in or come | slightly wavy, ” free and clongated; | ? 20—27:5.7—7.1 |22-—24:5.2—6.1
rallite length jor septa downwards | than counter protruded | long-lasting close to axis | thickened at rhopaloid; may form
septum ; periphery contratingent columella |
‘ |
Assimulia (Assimulia) compacta sp. n. Wide, fairly Slightly Almost meet | Shorter and | Contra- Equal to May be | Equal to | Equal to Very narrow Semi-pinnate, in Stereoplas- | Slightly wavy, | Vary in lenght; Longer;may | Equal to
empty, deep elongated at corallite | thinner than | clined or other major | slightly other major | other major | and shallow ” irregular systems mic infilling;| laterally smooth,, " | contratingent be thicker other major |
downwards | axis majors free septa shortened septa | septa - septa almost | smooth i I and contraclined| than major | septa 26:12.0—14.0 ?
meet [ septa
|
Assimulia (Assimulia) sp. 1 Septa broken; | Elongated Pinnately Free; mode- ” Reach coral- Slightly Narrow, Weak Pinnately-bilateral; Thick, straight, Free; laterally | Reachcard- | Reach coun-
calice 13.5 mm | downwards; | -bilateral rately long » lite axis ” elongated distinct present middle septa of qu- ” rhopaloid ? contiguous with | inal septum | ter septum 27:13.7 ?
deep radially and \ adrants are longest major septa | axially axially
arranged thickened ‘
| Y
| Assimulia (Ericina) fracta sp. n. Funnel-shaped; | Elongated Meet at Shorter and | Long, con- May be Slightly to | Verynarrow | Absent | Semi-pinnate in ir- | Rarely free; | Nonrhopaloid; | Differentiated | Very long, con- | May be Equal to 18—24:4.9—10.820—22:7.5—9.0
1/2—1/4 of co- | downwards | coralliteaxis | thinnerthan | traclined v slightly less * distinctly and shallow regular systems commonly strong to mode- | tratingent; zig- = slightly other major
rallite length majors protruded | protruded major septa | rate zig-zag zag carinae at | elongated | septa |
3| in touch carinae periph. |
- |
Assimulia (Ericina) recrea sp. n. Funnel-shaped; Stop around | Often short | Long, con- May be Very shallow In four systems Rarely free | Slightly rhopa- Reach card- | Reach coun-
1/3 of corallite » axis tratingent or ” » ” slightly " or stereo- | loid and wavy; » ” inal septum | ter septum |!5—24:3.5—10.5|20—22:7.0—9.0
length contraclined protruded column | thickened at axially | axially
| i periphery ‘ |
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Assimulia (Assimulia) uddenitense sp. n.

(fig. 59)

Holotype: Specimen USNM 197045, fig. 59:1a—j.

Type locality: USNM 701 p.

Type horizon: Gaptank Formation, Uddenites-bearing member.

Derivation of the name: uddenitense — after the type horizon of occurrence.

Material. — Only the holotype. The specimen is slightly abraded, with no calice and proximal
end. Internal structure well preserved.

Diagnosis. — Assimulia with n:d ratio beneath calice 25:6.7; slightly wavy nonrhopaloid
major septa arranged in systems in early ontogeny, pinnately radial in mature portion; cardinal
sepium tends to shorten; counter septum elongated.

Fig. 59.
Assimulia (Assimulia) uddenitense sp. n. Specimen USNM 197045. Holotype. Locality USNM 701 p, Gaptank Formation,
Uddenites-bearing member; a—c — transverse sections, neanic stage; d, € — transverse sections, ephebic stage; f—j —
successive longitudinal sections made from corallite periphery to its axis. All, x8.

Description. — The morphology of the youngest known part of the corallite, corresponding
already with the late neanic stage (fig. 59:1a—c) is characterized by long, slightly wavy major
septa, grouped in systems. The cardinal and the counter sepium may be temporarily disconnected.
Minor septa increase their length in the course of growth. On the youngest known stage of
growth, (fig. 59:1a, b) several of them may be free. Higher up, almost all or all of them are
contratingent and very long.

Arrangement of septa in the mature portion (fig. 59:1d, e) is pinnate rather than radial, but
the axial area is free of septa. The distincily elongated counter septum forms a kind of a simple
columella. The cardinal septum, although not shortened, tends to decrease its length and thick-
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ness. Some major septa may be slightly rhopaloid, especially when sectioned just on their
junction with tabulae. This is not the rule, however.

In the serial longitudinal section, made between the transverse sections (fig. 59:1¢, d) the
minor septa are often so sharply curved at the periphery as to give the impression of being
broken (fig. 59:1f). The tabularium is biform, with tabellae in Position I better distinguished
in the very peripheral section (fig. 59:1f), but seen also on the other sections (fig. 59:1g—;j).
The tabulae in Position II are inclined steeply upwards in their periaxial parts, being horizontal
or almost horizontal at the periphery. Their axial parts are horizontal, sagging, or even directed
slightly downwards (fig. 59:11, j).

Remarks, — The new specific name has been given for the single specimen for three reasons:
I. 1t is the geologically oldest representative of one of the largest group of species of the fauna
described. It may also be close to the ancestral taxon of this group. 2. It represents a mixture
of characters, developed separately in the geologically younger taxa. 3. Being similar to some
other species, it stays in each case beyond the limit of their internal variability.

Two species: A. (A.) tergida (Ross and Ross, 1962), with its similar n: d ratio, and 4. (4.)
compacta sp. n., with its arrangement of septa, seem to be especially close to the species discussed.
The former differs from A. (A.) uddenitense sp. n. in its almost regular radial arrangement of
rhopaloid major septa, slight elongation of a cardinal septum, that never tends to shorten
and in more wavy and often free minor septa. The main differences of A. (4.) compacta sp. n.
are: differentn:d ratio, much larger size, a counter septum often not elongated in the mature
part, and the cardinal septum mnot tending to shorten.

Occurrence. — USNM 701 p, Gaptank Foimation, Uddenites-bearing member.

Assimulia (Assimulia) tergida (Ross and Ross, 1962)
(figs. 60, 61; pls. 22:19—26; 25:1—13)

1962. Stereostylus tergidus Ross and Ross; C. L. Ross and J. P. Ross, p. 1186, figs. 40, P, 11; pl. 161:12, 21, 22.

Material, -— More than 600 specimens; many with calices and/or proximal ends preserved.
Morphology of the ontogenetically earliest parts often destroyed by silicification.

N:d ratio of representative corallites (in mm):

USNM .
cat. 10s. N:d ratio Remarks
197052 26:7.0 calice margin

» 26:6.7 just beneath calice
197051 25:9.1 calice margin

. 25:8.4 just beneath calice

™ 25:7.5 early ephebic stage
197055 24:7.7 calice margin

" 24:7.2 just beneath calice
197056 24:6.5 calice margin

» 24:7.2 ephebic stage
197060 22:6.6 calice margin
197048 20:4.3 calice margin

» 20:5.5 beneath calice
197054 19:5.2 calice margin

" 18:4.8 ) just beneath calice

Diagnosis. — A. (Assimulia) having most common n: d ratio 21—22:5.7—7.0; maximum
n:d ratio 26:10.0; major septa wavy, slightly rhopaloid, almost reaching corallite axis; cardinal
sepium equal to other major septa; counter septum elongated ; minor septa wavy, often contra-
tingent, '



Fig. 60.
Assimulia (Assimulia) tergida (Ross and Ross, 1962). 1. Specimen USNM 197051. Locality USNM 7054, Skinner Ranch
Formation, base of Scacchinella beds. Transverse sections, ephebic stage; a, b — showing morphology of axial area
disturbed by commensal organism; ¢ — just beneath calice; coarsely recrystallized axial area of corallite is bordered by
sections of tabulae (compare pl. 22:2fa). All, x 8. 2. Specimen USNM 197049. Locality and horizon as above. Longitudinal
section, x 4. 3. Specimen USNM 197048. Locality USNM 727f, Upper Skinner Ranch Formation. Transverse sections;
a, b — early neanic stage (b — slightly schematized Camera lucida drawing), x 24; c—e ncanic stage, x 8; f, g — ephebic
stage having cardinal septum elongated, x 8. 4. Specimen USNM 197047. Locality USNM 702d, Hess Formation, Taylor
Ranch member. Transverse section, ephebic stage, x 8. 5. Specimen USNM 197050, Locality USNM 705a, Skinner Ranch
Formation, base of Scacchinella beds. Transverse sections; a — neanic stage; b, ¢ — ephebic stage. All, x 8. 6. Specimen
YPM 21815. Holotype. Locality 68. Lenox Hills Formation; a, b — transverse sections, late ephebic stage, x 8.



Fig. 61.
Assimulia (Assimulia) tergida (Ross and Ross, 1962). Transverse sections. 1. Spscimen USNM 197046. Locality USNM
705a, Skinner Ranch Formation, base of Scacchinella bzds; a, b — successive sections of ephebic stage 2. Specimen USNM
197052. Locality USNM 728e, Lower Bone Spring Formation; a, b — neanic stage; ¢ — early ephebic stage; d—f —
ephebic stage. 3. Specimen USNM 197053. Locality USNM 70Sa, Skinner Ranch Formation, base of Scacchinella beds.
Ephebic stage. 4. Specimen USNM 197054 Locality USNM 732¢, Skinner Ranch Formation, Dugout Mountain member.
Ephebic stage. 5. Specimen USNM 197055, Locality USNM 705a, Skinner Ranch Formation, base of Scacchinella beds;
a,b — ephebic stage. All, %8,
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Description. — External characters (pl. 25:1—9, 11—13). The corallites are horn-shaped
in their juvenile parts, often with talons or attachment processes present (e. g. pl. 25:4a, 5a).
In the mature portions, they are irregularly cylindrical or vermiform in shape, reaching up to
7—8 cm in length (e. g p! 25:1a, 11b, 13b). Better preserved external walls have shallow septal
furrows and delicate growth striae. Rejuvenation, which is exclusively axial, deep or shallow, is
fairly common. The calices are 5—7 mm deep, regular, funnel-shaped with the undulated margins
(p! 25:1b, 2, 3, 4b, 5b, 6, 7, 11a). The peripheral zone of the calices bears distinct, equally
developed foundations of the major and minor septa. In the intermediate zone of the calices
the latter become thin and almost disappear in the narrow loculi between the more prominent
and thicker major septa. All septa are directed centripetally. In many calices, the counter septum,
and to a lesser degree also the cardinal septum, are distinctly (the former) or slightly (the latter)
better developed than the average major septa (pl. 25:2, 7, 9, 11a, 13a). All better preserved
major septa have smooth upper ridges (pl. 25:1b, 2, 3, 5b, 6, 11a, 13a). Modifications of these
parts of them (pl. 25:4b, 8b) were all caused by chemical preparation or weathering. Directions
of individual septa changed a little in the course of their growth, causing the undulation, seen
in the transverse sections and in the calices when broken (pls. 22:19—22, 24—26; 25:4b).

Ontogeny. — The earliest stage of growth investigated, 0.7 mm in the diameter, shows the
acceleration of septa in the counter quadrants (fig. 60:3a). Metasepta of the cardinal quadrants
are not yet present. The alar protosepta join the axial septum close to the corallite axis, but
separately from the axial junction of septa of the counter quadrants, which already form systems.
The clearly separated systems of septa of individual quadrants are absent in the most completely
studied specimen (fig. 60:3c—e) but they may exist in some other corallites (e. g. fig. 60:5a).

The first septa inserted next to the counter septum are the first minor septa. Early neanic
portions of growth of the corallites are similar to each other (figs. 60:3c, d, 5a; 61:2a), but the
further growth of individual corallites show considerable differences in their morphology
(figs. 60:3e; 61:2b, c¢). These differences decrease again in the mature stage (figs. 60:3f, g,
5b, c; 61:2e. ).

Variability in transverse sections. — Like the rather constant morphology of the calices,
the transverse sections show only moderate modifications. The most common morphotype is
that with long, slightly rhopaloid, but free major septa; the elongated counter septum that
forms a simple columella and the cardinal septum as long as other major septa or slightly longer
from them on some sections of individual specimens. In this basic group of specimens, the minor
septa often reach the periaxial thickenings of the major septa and are mostly free and contraclined
or indistinctly contratingent, being contrafused only early in ontogeny. Minor modifications
within this group appear in: a) the length and thickness of the columella; this variation can
also be seen in the type material of Ross and Ross (1962, fig. 11 B; pl. 161:21, and fig. 60:5a, b
illustrating other sections of the holotype), b) the length of the cardinal septum, which is a little
longer and sometimes slightly thicker than the adjacent major septa (figs. 60:3f, g; 61:1a,
4, 5a, b; pl. 22:25), but may sometimes be equal to them (figs. 60:4, 5b, c; 61:3; pl. 22:19a,
22), or fairly long in some ontogenetically younger sections of a given corallite (fig. 61:2¢),
c) the length, thickness, advancement of undulation and contratingency of the minor septa;
only rare specimens have all minor septa contratingent. Most commonly a part of them are
free. -

Some specimens show modifications extending beyond the limit of changes accepted fot the
basic group of specimens discussed above. Some of them may develop an extremely long counter
septum, producing bilateral symmetry in the corallite (fig. 60:4), or an extremely long cardinal
septum (fig. 60:3f, g). In the latter specimen, there is also a septal lamella connected to the axial
end of the long counter septum. Such a phenomenon was observed only in this single section.

A small group of specimens (only 12 observed) differ from the holotype in such characteristics
as reduction of the counter septum to the length of other major septa; formation of a wide
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ree axial area; and, in some cases, also in larger dimensions (maximumn:d ratio 26:9.5 and
26:10-1). The correlation between the mentioned characters is not always present. For instance
a reduction in length of the counter septum may have (figs. 60:1c; 61:1a; pl. 22:21a, 24) or
have not caused an increase in width of the axial area. The latter may have been in some specim-
ens (fig. 60:1¢; pl. 22:21a) diagenetically caused, while in some other ones (fig. 61:1a, b; pl.
22:24) it is more constant. Calices of the specimens discussed might have developed rather
wide, flat floors (pl. 25:4b), which forms next difference when compared to the main group.
Like the others discussed, this character is individualized. This, together with a small number of
representatives prevents distinguishing these corals as a separate taxon.

Longitudinal section (fig. 60:2; pls. 22:23; 25:10). — The tabularium is distinctly blform
but the arrangement of the tabellae is often shadowed by densely packed sections of the septa.
The peripheral tabellae in Position 1 are either directed slightly downwards adaxially (fig.
60:2, middle left side) or are dessepiment-like (fig. 60:2, lower right side). In Position II they
always rise steeply upwards adaxially, being less steep or even horizontal only at the external
wall, The axial parts of the tabulae are always more or less horizontal. Width of this part of the
tabularium depends on the diameter of the free axial area as seen in the cross section.

Remarks. — The species was originally described by Ross and Ross, (1962) on two specimens
only, which made any discussion of its real variability impossible. The conico-cylindrical shape
of these specimens (Ross and Ross 1962, fig. 40,P) permits considering them mature. Several
misunderstandings of Ross and Ross (1962) should be pointed out.

1. The cardinal septum is not shortened, and the septum described by these authors as the
cardinal septum is one of the minor septa. 2. The minor septa are not only present, but are very
well developed and ofien contratingent. The number of septa 44—46 calculated by Ross and
Ross (1962) is the total number of major and minor septa. 3. The “monacanthine” structure
mentioned by Ross and Ross (1962: 1186, pl. 161:22) is nothing but the undulation of septa
discussed above in the description. Judging from the transverse sections investigated in this
paper the microstruciure of septa is possibly fine-trabecular, but no trabeculae have so far been
found in the longitudinal sections.. There are no large monacanths present, however.

The species discussed seems to occupy a central position among other species of this genus
and is close to its geologically oldest representative known so far, i. e. 4. (4.) uddenitense sp. n.
which comes from the Uddenites-bearing member of the Gaptank Formation. Better accentuated
radial arrangement and the rhopaloid character of the major septa in A. (A4.) fergida form the
main difference between these two taxa. A. (A4.) septarugosa (MOORE and JEFFORDs, 1941)
differs from A. (A4.) tergida in n: d ratio, in the much weaker development of the columella, and
in the distinct difference in thickness between the major and the minor septa. Differences between
A. (A)) tergida and other species described in this paper are discussed with the latter.

Occurrence. — 701:1,. Neal Ranch Formation; 702d:3, Hess Formation, Taylor Ranch
member; 705a:590, 720e:18, Skinner Ranch Formation, base of Scacchinella beds; 720f:6,
720¢g:8, Lower Skinner Ranch Formation; 707a:3, 715v, Skinner Ranch Formation, Decie
Ranch member; 732e:1, Skinner Ranch Formation, Dugout Mountain member; 722h:1,
7221:1, Skinner Ranch Formation, Sullivan Peak member; 727f:36, Upper Skinner Ranch
Formation; 7231:7,top of Skinner Ranch Formation; 728¢:1, Lower Bone Spring Formation,
Wolfcampian.

Assimulia (Assimulia) arta sp. n.
(fig. 62; pls. 25: 14, 15; 26:1)

Holorype: Specimen USNM (97067, fig. 62:la—c; pls. 25:15; 26:1.

Type locality: USNM 706x.

Type horizon: Neal Ranch Formation.

Derivation of the name: \at. artus, a, um — cramped, packed; after dense arrangement of septa.
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Fig. 62.
Assimulia (Assimulia) arta sp. n. 1. Specimen USNM 197067, Holotype. Locality USNM 706x, Neal Ranch Formation;
a, b — transverse sections, .early ephebic stage, x8; ¢, d —transverse sections ephebic stage, x4; e — longitudinal
section, x4. 2, Specimen USNM 197068. Locality and horizon as above; a — transverse section, early neanic stage;
b—e — transverse sections, early to late ephebic stage. All, x 8§,



174 JERZY FEDOROWSKI

Material. — Three specimens of well preserved internal structure but without calices and
proximal ends, _

Diagnosis. — Assimulia (Assimulia) havingn:d ratio 27:14.5; septa long, thickened; major
septa almost reach elongaied end of counter septum; septotheca thick; some septa in it split.

Description of the holotype. — The specimen lacking a calice and a proximal end is 46 mm
long. A cardinal septum is located on its convex side. The major septa are arranged slightly
differently in different sections (fig. 62:1a—d; pl. 26:1). Most commonly, a fan-shaped, close to
radial arrangement occurs with the elongated counter sepium in the fan axis. The axial ends of
the sepia may be attached to a columella by stereoplasm (fig. 62:1a—c) or they may form a very
narrow axial area free of septa (fig. 62:1d; pl. 26:1). The counier-lateral sepia are often shortened.
The cardinal sepium is generally as long as the adjacent pair of the major septa, but it may be
slightly shortened in some seciions or elongated in the other (fig. 62:1¢, d). The minor septa
reaching 1/2 to 3/4 of length of the major ones, are almost straight, commonly contratingent,
and only slightly thinner than the major septa. Those adjacent to the counter septum may form
a triad or are free. Their length in relation to length of the counter septum is reduced towards
the calice.

In the longitudinal section (fig. 62:1¢) the tabularium is biform, but its structure remains
unclear due to the density of sections of the septa. Peripheral parts of the tabulae in Position
IT are slightly concave, while their axial parts are inclined sieeply upwards. Tabulae in Position
T are S-shaped and horizontal (fig. 62:1e, upper right). The microstructure of peripheral parts
of the septa within the septotheca (pl. 25:15) differs from that of their inner parts. It consists of
several hemisphaeres, each of which is built of thin calcite fibres arranged obliquely but generally
perpendicular to the hemisphaere surface. Alihough the fibres themselves may be recrystallized,
their positions agree with directions of growth of the hemisphaeres, which most probably
were produced by wide folds of ectoderm at the marginal part of the calice (foundations of
sepia).

The described peripheral structures i. e. the foundations of septa, transfer either gently or
sharply into septal blades. In some septa at the very beginning of the development of the septal
blades, there is only one row of trabeculae. Much more commonly, however, the trabeculae
are arranged there in two parallel rows, which form two dark lines (pl. 25:15). In further growth
of septal blades (i. e. towards the corallite axis), the trabeculae either became scattered to form
a diffuso-trabecular microstructure or are arranged in a single row (pl. 25:15), The diffuso-
trabecular microstructure is replaced by trabecular microstructure in the periaxial and axial
ends of septa. In some septa two rows of trabeculae may be distinguished not only in the most
peripheral but also in the middle parts of septal blades. These parallel dark lines are always
very short, however, The primary growth of many septa was irregular, as indicated by trabeculae
and growth lines in sections. This irregularity and waviness is afterwards smoothed by the basal,
stereoplasmic sheets of septa. The structure as described above is considered secondary by
OEKENTORP (1980). For broader discussion of this respect see SORAUF (1984) and FEDOROWSKI
(1986). .

Individual variation. — The investigated paratype differs from the holotype in having
smaller dimensions, thinner and shorter major septa, that leave a comparatively wide free axial
area in maturity, and in developing the minor septa mostly free at that stage of growth.
It has been identified as belonging to 4. (A4.) arta sp. n. mainly on a basis of morphology in early
maturity (fig. 62:2b, ¢), similar to that of the comparable growth stage of the holotype.

Remarks. — The species discussed, although described on a few specimens only, may be
easily distinguished from all the species of Assimulia gen. n. by its thickened major septa,
different n:d ratio, and first of all, by the microstructure of septa described above.

Occurrence, — USNM Loc. 706x:3, Neal Ranch Formation, Lower Wolfcampian.
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Assimulia (Assimulia) abscessa sp. n.

(figs. 63, 64; pls. 25:16, 17; 26:2—8)

Holorype: Specimen USNM 197069, fig. 63:1a—i; pl. 26:2a—<.

Type locality: USNM 707b.

Type horizon: Skinner Ranch Formation, Sullivan Peak member.

Derivation of the name: lat. ubscessus, us: withdrawn, absence — after absence of elongated counter septum in maturity.

Material. — More than 80 silicified specimens, most of which are poorly preserved externally
but often wiih internal struciures preserved in calciie.

N:d ratio of representative corallites (in mm):

USNM

cat. nos. N:d ratio Remarks
197073 27:7.1 just beneath calice
- 25:6.2 ephebic stage
197070 23:6.7 ephebic stage
197069 22:6.6 just beneath calice
197072 21:5.5 Jjust beneath calice
197078 21:5.1 calice margin
" 21:5.1 just beneath calice
197071 20:7.3 just beneath calice
197077 20:6.1 calice margin
" 20:5.3 just beneath calice
196076 18:4.9 just beneath calice

Diagnosis. — Assinutlia (Assimulia) having n: d raiio 18—24:4.5—8.5, most commonly
20—22:5.5—7.0; major septa arranged radially, come very close to corallite axis without being
united; minor septa long contratingent or contraclined; counter septum not elongated ; carina-
tion of septa typically present at periphery, sometimes weak.

Description of the holotype. — The specimen is conico-cylindrical in shape, with a calice
approximately 5 mm deep, and has almost smooih external surface with only delicate septal
furrows. This may partly be due to diagenesis. The ontogenetically youngest part of the corallite
is not preserved.

Four transverse sections, prepared along approximately 7 mm of length of the maiure portion
of the specimen, do noi show any substaniial differences (fig. 63:1a—d). All septa are much
thicker at the periphery, but the minor sepia thin fasier, making differences between them and
the major septa distinct. Their axial ends are thin and either contratingent or contraclined.
The axial ends of the major septa, slightly rhopaloid, come very close to the corallite axis,
without being in contact there. Their length is differentiated. Some septa including the alars,
are slightly longer, and several other ones are clearly shorter than the other septa. The cardinal
and the counter septa belong to the longest, but they never dominate. The carination(?)
of the septa changes a little from one section to the other, but in none of them are all septa
carinated.

The biform nature of the tabularium is rather weakly accentuated in longitudinal serial
sections, where only some peripheral tabellae exhibit opposite positions in the neighbouring
septal loculi (fig. 63:1e—i; pl. 26:2b, c). In contrast to this, the carination (?) of septa is well
seen in both, the peripheral and the axial longitudinal sections. Some of these septal bodies
are directly united with the medial lines of septa, some are attached to the peripheral thickenings
of septa. The present picture of the latter presumably resulted from the sectioning of the bodies
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Fig. 63.
Assimulia (Assimmulia) abscessa sp. n. 1. Specimen USNM 197069. Holotype. Locality USNM 707b, Skinner Ranch
Formation, Sullivan Peak member; a—d — transverse sections, ephebic stage; e—h — successive longitudinal sections
made from corallite periphery to its axis: i — longitudinal section of periaxial part of corallite, opposite to fig. 1g. All x 8.
2. Specimen USNM 197070, Locality and horizon as above; a—c¢ — transverse sections, ephebic stage, x 8,
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Fig. 64.
Assinudia (Assimudicd abscessa sp. n. 1. Specimen USNM 197071, Locality USNM 707 b, Skinner Ranch Formation,
Sullivan Peak member: a-—d — transverse scctions, carly to late ephebic stage. 2. Specimen USNM 197072, Locality
and horizon as above. Transverse section, ephebic stage. 3. Specimen USNM 197073, Locality USNM 728e, Lower
Bone Spring Formation; a-—-d — successive transverse sections, ephebic stage. All, x 8.

outside the regions of their origin, This is confirmed by observations in transverse sections.
where no carinac or other bodics. septal in strucuure, arc attached to the lateral sides of sepia.
The longitudinal section of peripheral part of one of the paraiypes (pl. 26:8d) illusirates best
the inter-relations of individual sepial bodies discussed.

Individual variation. — The arrangement of the tabulae in longitudinal sections o [ the para-
types is similar (o that of the holotype (¢. 2. pl. 26:3b, 8¢, d). Variability in the transverse sections
is larger. However. this is also true for individual sections of given specimens (e. g. figs. 63:2a—c,
64:1b—d. 3a—d: pl. 26:4a —c. 8a. b). Two variants are especially noieworihy: the corals with

12 — Palaeontologia Palnnica 48
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weak or only sporadic carination (?) of septa (pl. 26:3a, 5, 6) and the corals with the counter
septum elongated in some sections (e. g. figs. 63:2¢; 64:2, 3b, ¢; pl. 26:4b, ¢, 7). Some specimens
of the latter variant (fig. 64:3a—d; pl. 26:4a—<c) are so variable in their ontogeny and so distinct
from the holotype that they have been included in this species conditionally. Some other specim-
ens, typically built in some sections, exhibit distinct carination (?) and/or elongation of the
cardinal septum on the others (fig. 63:2a—c;pl. 26:8a,b). All these variants, as well as a tendency
of some specimens to have the major septa slightly withdrawn from the axis (pl. 26:6) or hcavily
carinated (fig. 64:1a—d), make the species discussed comparatively variable,

Remarks. — The new species discussed is at first glance, almost identical with A. (A.) rergida
(Ross and Ross, 1962). This is first of all impressed by a radial arrangement of the slightly rho-
paloid major sepia, by a very similar n:d ratio, and by the appearance of an elongated counter
septum on individual sections of some specimens. The following differences speak in favour of
its taxonomical separation: 1. The carination (?) of septa, although not always distinct, is invar-
iably present in A. (A4.) abscessa sp. n. and never seen in A. (4.) tergida, which in turn has the
counter septum permanently elongated. This is not so in A. (4.) abscessa sp. n., in which most
specimens have this septum permanently equal to other long major septa. 2. The axial parts of
the tabulae in A4. (4.) tergida are horizontal, which is possibly correlated with development of the
free axial area. In 4. (A4.) abscessa sp. n. the tabulae are inclined upwards there and practically
no free axial area is present. 3. The tendency of the cardinal septum to elongate although rare
in A. (A.) abscessa sp. n., may serve as an additional distinctive character,

A. (E.) fracta sp. n., and to some extend also 4. (E.) recrea sp. n., show some similarity
to the species discussed. The carination (?) of septla and their distinct peripheral thickenings are
present in both species. The fairly long minor septa in the calices bring the new species closer
to A. (E.) fracta sp. n. The main differences are: 1. The radial arrangement, the slightly rhopaloid
character and the slight differentiation in lengih of the major septa which, coming close io ihe
corallite axis, are never in contaci and never form systems in the maturiiy of A. (A4.) abscessa
sp. n. 2. Different n: d ratio, 3. Different arrangement of the tabulae in the longitudinal seciions.
Shallower calices from an additional difference from A (E.) fracta sp. n., and the fairly long
minor septa in calices are not observed in A. (E.) recrea sp. n. Other species described so far
are less similar and will not be discussed. It should only be mentioned, what is clear from the
above discussion, that A. (4.) abscessa sp. n. is one of these species, that connects the subgenera
Assimulia subgen. n. and Ericing subgen. n.

Occurrence. — USNM Loc. 714p:9, 720f:9, Lower Skinner Ranch Formation; 705a:10,
Skinner Ranch Formation, base of Scacchinella beds; 715v:18, Skinner Ranch Formation,
Decie Ranch member; 707h:4, Skinner Ranch Formation, Poplar Tank member; 707b:40,
707¢:1, 722b:1, Skinner Ranch Formation, Sullivan Peak member; 727f:5, Upper Skinner
Ranch Formation; 725c:4, 728e:1, 732¢:1, Lower Bone Spring Formation; 7281:1, Cibolo
Formation, Breccia Zone. Upper Wolfcampian.

Assimulia (Assimulia) flexibilis sp. n.

(figs. 65—67; pls. 26:9—12; 27:1—-28)

Holotype: Specimen USNM 197083, fig. 65:5a—c; pl. 27:2a, b.

Type locality: USNM 728f.
Type horizon: Lower Bone Spring Formation, Upper Wolfcampian.
Derivation of the name: lat. flexibilis, e — variable — after variability in morphology.

Material. — More than 160 silicified specimens having calices often well preserved and almost
complete proximal ends in several specimens. Internal structure, especially at the tips, often
destroyed by coarse silicification. N:d ratio (in mm) shown on fig. 67 and in the following table.
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N:d ratio of representative corallites (in mm):

USNM

cat. nos. N:d ratio Remarks
197079 21:6.0 calice margin
21:5.0 just beneath calice
» 20:4.5 early ephebic stage
197087 20:5.8 calice margin
- 18:3.2 ephebic stage
197080 18:5.2 calice margin
16:4.1 Just beneath calice
16:3.4 ephebic stage
» 16:3.8 early ephebic stage
197083 16:4.8 calice margin
,‘ 14:3.0 just beneath calice
" 12:2.4 early ephebic stage
197089 14:3.2 calice margin
- 14:3.0 just beneath calice
" 13:2.9 early ephebic stage
1970 14:2.8 calice margin
" 14:3.6 just beneath calice
" 14:2.8 early ephebic stage

Diagnosis. — Assimulia (Assimulia) having n:d ratio 11:2.5 to 21:6.0, most commonly
13—16:3.0—4.5; in calices, counter and often also cardinal septum dominate; in sections,
axial ends of almost equally long major septa bent towards long cardinal sepium; carination (?)
of septa weak.

Description of the holotype. — The specimen is narrow, elongated. The ratio of its upper
margin to its length = 4.8:19.0 The delicate septal furrows seen along most of its susface are
absent from the tip. The appioximately 7.5 mm deep calice is funnel-shaped, with a delicately
wavy upper margin. The marginal zone of the calice bears foundations of the major and minor
septa equally developed, transmitting gently downwards into the septal blades of the inner zone
of the calice (pl. 27:2b). Septa of both cycles in this zone are only a litile differentiated in length
and thickness, with the major ones only slightly thicker and extending to the calice axis. Septal
ridges are all smooth. In the lower part of the calice, the cardinal and the counter septum are
the longest septa.

In cross sections of the ontogenetically older part of the corallite (fig. 65:5¢), all septa are
wavy up to the calice floor. Those of the cardinal quadrants have their thin axial ends bent
towards the axial end of the cardinal sepium. The latter is slightly longer than the counter sepium,
which is also well exposed owing to a smaller length of the major septa in the counter quadrants.
The minor septa, long and contratingent, are more wavy and slightly thinner than the major
septa. Only those forming a triad with the counter septum are comparatively short.

Arrangement of septa in the ontogenetically younger part of the corallite (fig. 65:5b) is
irregular, with the cardinal septum dominating and the minor septa comparatively long at the
counter septum. In the ontogenetically youngest preserved part of the corallite, 0.8 X 1.3 mm
in diameter (fig. 65:5a), the cardinal and the counter septa are united to form the axial septum.
The major septa join this septum near the corallite axis. The minor septa are contrafused.
The ontogeny observed also on several paratypes is typical for the family. Small differences
in the increase of septa are considered individual variation.

The holotype has not been longitudinally sectioned. In longitudinal sections of the paratypes,
the tabulae are sparsely distributed, biformly arranged, with their axial parts horizontal or
slightly declined abaxially and their peripheral parts almost horizontal in Position T and gently
or steeply inclined adaxially in Position II (fig. 65: le, f, 3d—f).

12+
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Fig. 65.
Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197079, Locality USNM 728f, Lower Bone Spring Formation;
a — transverse section, neanic stage; b—d — transversc sections, early 1o late cphebic stage; e, [— periaxial and axial

longitudinal sections. 2. Specimen USNM 197080. Locality and horizon as above; a — transverse scction, late ncanic
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Fig. 67.
Assimulia (Assimulia) flexibilis sp. n. Septal index n:d (in mm). Points corresponding to cxtreme specimens are united by
lines. Correlation line of n:d ratio (cl) is a mean line for individual classes. Frequency diagram is suppl emented by numbert
corresponding to amount of corallites measured in given classes. Numbers on right side of the pijcture show amouns
of specimens possessing given number of major septa.

in some portions of particular corallites. This is so even in the case of the specimens having
the major septa straight in calices (e. g. the holotype). The curvature may be distinct (pl. 26:10),
variable (figs. 65:1b—d, 2b—e; 66:2b—d) or slight (figs. 65:3a—c, 6a, b, 8a, b; 66:1a—c;
pl. 26:12a, b). In some specimens, a shortening of the axial parts of septa is noted (fig. 65:
7a, b; pl. 26:10). This shortening may be very distinct beneath a calice (fig. 65:7b), although
septa are long at the calice floor (pl. 27:3a). A few specimens have an elongated counter septum
in some sections (figs. 65:2d, e, 8a, b; 66:2¢; pl. 26:9a). More or less accentuated thickness
and waviness of the septa is also noted. Some specimens with very thick septa may have free
individual minor septa (fig. 65:3a).

Remarks. — Corallites of the species discussed belong to the smallest described. Forming
incipient systems of sepia, several of them are morphologically similar 10 A. (Ericina) fracta
sp. n. They can easily be distinguished from that species by their much smaller dimensions and
by the different arrangement, shape, and morphology of septa either in individual specimens
or in particular sections. Some specimens with slightly elongated counter septum show similarity
to A. (A.) tergida (Ross and Ross, 1962). The curvature of the major septa bencath calices serves
in this case as an additional distinctive character of the species discussed, in addition to its
smaller dimensions and different morphology and arrangement of septa.

Occurrence. — 707a:6, 714p:I, Lower Skinner Ranch Formation; 705a:4, Skinner Ranch
Formation, base of Scacchinella beds; 707h:1 Skinner Ranch Formation, Poplar Tank member;
707b:2, 722h:4, 7221:2, Skinner Ranch Formation, Sullivan Peak member; 702e:16, Hess
Formation, Taylor Ranch member; 728¢:4, 728f:102, Lower Bone Spring Formation; 738r:1,
Cibolo Formation, Breccia Zone. Upper Wollcampian.

Assimulia (Assimulia) frequentis sp. n.

(fig. 68; pls. 28:1—5; 29:1—9)

Holotype: Specimen USNM 197113, fig. 68:1a—f; pl. 28:4a, L.

Type locality: USNM 728e¢.

Type horizon: Lower Bone Spring Formation, Upper Wolfcampian.

Derivation of the name: Lat. frequentis, tis — frequent, crowded — after crowded septa on a calice wall.
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Material. — 31 silicified specimens, many with calices and/or proximal ends preserved.
Inner structure at least partly calcitic.

N:d ratio of representative specimens (in mm):

USNM

cat. nos. N:d ratio Remarks
197116 27:7.1 calice margin
" 20:5.5 ephebic stage
197117 24:5.4 calice margin
' 24:4.7 lower part of calice
" 22:4.0 just beneath calice
197127 23:6.1 calice margin
197123 22:6.1 calice margin
197118 22:5.4 calice margin
" 22:4.5 lower part of calice
197120 22:5.2 calice margin
” 19:4.0 ephebic stage
197124 20:5.7 calice margin

Diagnosis. — Assimulia (Assimulia) with deep, funnel-shaped calices; major septa in calice
successively elongated downwards to meeting at its floor; in transverse sections major septa
frequently bent towards cardinal septum; those of counter quadrants supressed in length, with
counter septum elongated.

Description of the holotype. — The corallite is horn-shaped, 14 mm long when measured
along the convex side. A strong attachment to a fenestrellid bryozoan colony occupies more
than 1/3 of its length (pl. 29:5b). Wide but low interseptal ridges are separated by shallow septal
furrows. Growth striae are distinct,

The funnel-shaped calice (pl. 29:5a) occupies almost one half of the length of the corallite.
Its margin is wavy, with the internally located foundations of the septa more prominent than
the external interseptal ridges. Deeper in the calice the foundations are gently transferred into
sepial blades of a thickness almost equal to the former. There is no intermediate zone of the
calice and all septa increase their length regularly step by step down to the eventual meeting
on the calice floor. The cardinal septum, located on the convex side of the corallite, dominates
a little in hight. There is no kind of columella developed in the calice (pl. 29:5a). The minor
scpta differ from the major septa only by being shorter in the inner part of the calice, where
they disappear between the major septa. Inner ridges of all the septa are smooth.

In the transverse section made just beneath the calice floor (fig. 68:1f; pl. 28:4b) inner ends
of the major septa and also some free minor septa are slightly rhopaloid, while other portions
of them are thin and wavy without being fragmented. The inner ends of the former bend towards
the inner end of the cardinal septum. All septa are much shorter in the counter quadrants (fig.
68:1f; pl. 28:4b). This is a natural shortening, because the section follows a growth line. Also,
a depth of the calice is naturally larger in the counter quadrants. The section there is located
just above the last tabula in the centre of the corallite. Some of the minor septa are free, some
are contratingent or contraclined. The parts next to the wall of all septa are thickened.

The morphology, in the ontogenetically younger transverse sections approximately 0.5 mm
apart from each other (fig. 68:1d, ¢), shows a mixiure of juvenile and mature characters. The
minor septa are clearly contratingent and the rhopaloid character of the major septa is not
marked. The counter septum is well developed and its axial end is already thickened a little
(fig. 68:1¢). The lengih of the major septa is almost equal in all quadrants, al.hough the counter-
lateral septa are some of the shoriest. Also, the minor septa adjacent to the counter septum are
shorter than scveral other minor septa, especially those in the cardinal quadrants.
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Fig. 68.
Assinuldic (Assiimulicy frequentis sp.n. 1. Specimen USNNM 197113, Holotype. Locality USNM 728¢, Lower Bone Spring
Formation. Transverse seclions; a--¢ —- early neanic stage ~25: d -1 -—caily to latc ephebic stage, x [0. 2. Specimen
USNM 197114, Locality USNM 714 p, Lower Skinner Ranch Formation. Transvesse sections: 4, b — neanic stage, x 20;
¢, d — early and late ephebic stage, x 10. 3. Specimen USNM 197113, Locality USNM 728e, Lowcer Bone Spring Forma-
tion. Transverse sections. a —- early ephebic stage. b -—cephebic stage. Both. x 10. 4. Specimen USNM 197116. Locality
and horizon as above. Transverse sections; a - late neanic.early cphebic stage ; b — cphebic stage. Both. x 10. 3. Specimen
USNM 197117, Locality and hoiizon as above. Transverse sections: a - late ephebic stage; b -~ partly above calice
floor. Both, x 10. 6. Specimen USNM 197118, Locality and horizon as above. Transverse section. Lkoe ephebic stage, < 10.
7. Specimen USNM 197119, Locality and horizon ax above; a b trarsverse sections, neanic stage, < 135, & Spectmen
USNNM 197120, Locality and horizon as above. Transverse scetions; -~ late ¢phebic stage; b = lower purt of calice,
Both, = 10.



UPPER PALAEOZOIC RUGOSE CORALS 185

The ontogeny has been investigated from a section 0.6 0.4 mm in diameier and a clearly
seen axial septum (fig. 68:12). There are also somc other septa present already, but their identi-
fication is uncertain. Two pairs of them, meeting each other and ihe axial septum ecceatrically
(closer to the cardinal septum side) are interpreied as the counter-lateral and the alar septa.
Small septa, contrafused to the axial septum at its counter septum side would have thus been
the first minor septa. Such an intcrpretation is partly confirmed by the following thin section,
made approximately 0.4 mm apart from the former one (fig. 68:1b), where the short septal
bodies mentioned continue to occur at the counier septum, The mode of insertion of a third
pair of septa and iheir status ore unclear, however. The septum contratingent to the left counter-
lateral sepium is possibly the minor septuni. The left part of the corallite would thus contain the
counter-lateral septwin with its minor sepium and the alar septum. The right part of the corallite
contains probably the counicr-lateral sepium and the alar septum with either the contratingent
minor sepium or with ihe first metaseptum alicady mserted. A posiponed increase of the minor
septum at the counter-lateral septum in this part of the corallite is confirmed by the next thin
section, made approximately 0.8 mm apart (fig. 68:1¢), where the minor seplum in question just
comes into being. Also. this scction shows some characiers different from the con:parable growth
stages of regularly built representatiives of ihe family. This concerns first of all the irvegulariiy
in the increase of the minor sepia (e. g. a posiponed increase of the minor septum at the left
alar septum) and the irregular shape of a weak counter septum, accompanicd by differently
developed minor septa.

Individual variation. — The shape of corallites varies depending on extrinsic factors, attach-
ment abilitics, rejuvenation, ctc., but they arc always elongated, ceratoid or horn-shaped and
almost invariably armed with a strong attachment surfaces (pl. 29:3a, b, 5b, 6a, 7b). Septal
furrows, never prominent, are hardly distinguishable on some coralliies. In all betier preserved
corallites the cardinal sepium is located on ihe convex side. In the specimens changing the
direction of their growth (pl. 29:3a, b) the cardinal septum may be located on the concave side
in the upper portion but it was founded on the convex side of the specimen at an early oniogenetic
stage (pl. 29:3b). The latter specimen serves also as an example of a corallite with indistinct
septal foundaiions on the calice margin and thin sepial blades inside the calice (pl. 29:3c¢).
A strong attachment to its own lower portion of growth (pl. 29:3a, b) draws attention as an
indicator of a possible strengihening of water turbidity and lack of any stable substrate in the
vicinity of the specimen to afttach to.

The cardinal septum in the calice is commonly a little better developed ihan other major
septa, the countcr septum included (pl. 29:4, 5a). There are calices, however, where it is hardly
distinguishable (pl. 29:14, 3¢, 8). This character should be treated only as an individual pheno-
menon, because it is independent from ontogeny. A prominent cardinal sepium can be present
already in ontogenetically young corallites (e. g. pl. 29:7a).

Individual variation seen in the transverse sections seems rather large, although the diagnostic
characters are casily distinguishable in all corallites (fig. 68:2¢, d, 3a, b, 4b, 5a, b, 6, 8a, b).
It depends at Jeast in part on the stage of ontogeny represented by a given corallite and on
a modification of its shape. There are also differences independent from these factors, however,
e. g. the long lasting juvenile character in the arrangement and shape of scpta (fig. 68:2c¢, 4b;
pl. 28:1, 2), fairly strong elongadon of the counter sepium (fig. 68:2d, 8a) or an almost radial
arrangement of straight major septa (fig. 68:3b pl. 28:5). Tt should be pointed out, however,
that the morphology of all corallites sectioned becomes similar to each other near or just above
a calice floor (fig. 68:5b, 6, 8b). The early ontogeny investigated in some specimens (e. g. fig.
68:2a, b, 7a, b) is typical for the family with some individual variaiions.

Rejuvenation. — This phenomenon is quite common in the species in question, but a typical
course of this process (¢ g. pl. 29:2) does not require detailed description. A single corallite
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(pl. 29:6b) produced a very deep axial rejuvenation by secreting an aseptal wall around an axial
portion of the calice, where the old septa continued to develop.

Remarks. — The species discussed shows the closest similarity to A. (4.) flexibilis sp. n.,
the holotype and many paratypes of which from the same formation, and also some specimens
from the same localities are derived. Larger dimensions, slightly different n: d ratio, deeper
calices, betier accentuated asymmetry in lengih of septa in the cardinal and counter quadrants,
a better accentuated rhopaloid character of major septa in maturity, commonly more distinct
clongation of the counter septum in this stage with a lack of that elongation in calices, where
rather the cardinal septum dominates, are differences which, put together, seem adequate for
a taxonomic distinction. It must be pointed out, however, that all these differences are slight
and an oppostie conclusion, 1. e. a consideration of A. (4.) frequentis sp. n. as only an extreme
variant of A. (A0 flexibilis sp. n. should not be excluded. Both these species but A. (4.) flexibilis
sp. n. in particulor. form a kind of intermediate lcading towards the subgenus Ericina subgen. n.

Differences between A. (A4.) frequentis and A. (A.) septarugosum (MOORE and JEFFORDS,
1941) are fairly large and concern dimensions, n: d ratio, different proportions in the thickness
of major and minor septa and a large, free axial area in the premature portions of the latter.
A. (A) tergida (Ross and Ross, 1962), another species similar to the one discussed, differs
first of all in the radial arrangement of septa, equally long in all quadrants and in clear domina-
tion of the counter septum both in calices and in the transverse sections of mature portions of
corallites.

Occurrence — USNM 728¢:29. Lower Bone Spring Formation; 733j:1, Skinner Ranch
Formaiion, Sullivan Peak member; ? 720¢:1, Skinner Ranch Formation, base of Scacchinella
beds. Upper Wolfcampian.

Assimudia (Assimulicd compacta sp, 1.

Holotype: Specimen USNM 197128, fig. 69:(a--e; pl. 3':la-—c.

Type locality: USNM 728f.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: lat. compactus, ¢, un--- stocky: after shape of corallites.

Material. — Ten silicified specimens, most with calices and/or proximal ends preserved.
Some with internal structurcs etched out in part,

Diagnosis —— Assimulia (Assinnilia) having n: d ratio 26:12—14; septa only slightly wavy,
almost equal in thickness; major sepia nonrhopaloid, meet or almost meet at corallite axis;
counter septum as long as other major septa or slightly longer; minor septa often comparatively
short, sometimes free.

Description of the holotype. —- The specimen widens rapidly in its younger portion and is
almost cylindrical above (pl. 31:1¢). The 6.5 mm deep calice (pl. 31:1a) shows a quasi-bilateral
symumetry, a slight shoriening of the cardinal septuin, and formation of a kind of flattened shelf
at a part of its periphery. All these changes were caused by rejuvenation, best marked on the
lower right part of the picture.

That shallow rejuvenation started comparatively early in ontogeny, causing first changes
in morphology just above the diameter of 9.0>:7.0 mm (fig. 69:1¢). The slightly wavy, equally
thickened major septa of that diameter come close to or meet in the stereoplasmic infilling of
the corallite axis. The cardinal septum is broken, but it is not shortened. The counter septum
does not differ in length from the other major senta. The minor septa, vary from less than 1/2
to over 3/4 of length of the major septa: shoit septa arc most common; several of them arc free.
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Fig. 69.
Assimulia (Assimalia) compacta sp. n. 1. Specimen USNM 197128, Holotype. Locality USNM 728f, Lower Bone Spring
Formation. Transverse sections; a — neanic stage; b, c — ephebic stage; d, e — late ephebic stage having offset-like, deep
lateral rejuvenation. 2. Specimen USNM 197129. Locality and horizon as above, Transverse sections; a, b — early ephebic
stage; ¢ — ephebic stage. All, x8.



188 JERZY FEDOROWSKI

The morphology of the slightly younger part (fig. 69:1b) shows elongation of the counter
sepium, the axial end of which forms a simple columella that is almost met by the cardinal
septum. Most of the other major septa, thin and slightly wavy, come close to the corallite axis
and end in its stereoplasmic infilling without forming systems. The minor septa are generally
longer than in the section described above and mostly contratingent. In early ontogeny (fig.
69:1a), all irregularly curved major septa form four systems that meet together and with the
cardinal and the counter septum. All preserved minor septa are contrafused and mostly long.

Rejuvenation. — The holotype shows an unique mode of rejuvenation. Only very small part
of the old calice became separated in the course of this process (pl. 31:1a, lower right). The
other parts of the calice arc characterized by completeness of all major and minor septa. A wide
flat shelf neighbouring the disconnected parts is the only difference as compared with the rest
of the normally developed calice. This shelf corresponds with a wide empty area in the sections
(e. g. fig. 69:1e, right). The empty area is bounded by the left over old septa on one side and by
the laterally rejuvenated corallite on the other. The new septa, i. €. the major and the contratin-
gent and contrafused minor ones were inserted on the new wall that originated from two septa
of the tformer calice, united by a piece of an additional basal structural element built between
them (fig. 69:1d, e). They meet the normally developed septa of the old part of the corallite,
forming a bilateral symmetry of the rejuvenated calice. Their uppermost ridges are to be seen
in the deepest part of the calice (pl. 31:1a). A picture made in the transmitted light (pl. 31:1b)
shows that the newly inserted and the old septa unite just at the peripheral border of the shelf
of the calice mentioned above.

Offsetting. — Only morphological description is given herein. The morphogenetic inter-
pretation is left to the general part of this monograph. The incipient stage of the process started
with the formation of the basal plate, located between the major septa and on their flattened
and smoothed uppermost margins (pl. 28:10c, upper). Secretion of this plate forms the main
difference between the offsetting of this and the dissepimentate corals. Offsets of the latter are
based on the uppermost surfaces of dissepiments. The mentioned plate is very uneven, but it
is impossible to correlate any of its protuberations or curves with future septal structures. In
the case discussed, the uprised margins of the plate indicates that the just started offset was
going to build its septal apparatus independently of the parent’s septa. This is very uncommon
elsewhere and unique in the specimen discussed. In another very young offset for sure (pl. 28:
10a, c, right) and in the older two specimens most probably, a part of the septal apparatus of the
parent corallite is fully adopted by the offset at least at its very early stage of development.
In the last case, the basal plate was located between the septa. It had grown upwards indepen-
dently of the septal apparatus of the parent and formed an external wall of the offset. Increase
of new septa was asymmetrical and took place on one side of the new corallite, i. e. at the new
wall. This was also a side of formation of a new calice (pl. 28:10a, ¢, right). The arrangement
of septa and their increase on the new wall suggest that one of the inherited septa is the cardinal
septum. The counter septum has been newly inserted. The proposed interpretation, although
most possible, is uncertain. Positions of the cardinal septa in both the older offsets, located at
the parent’s wall may serve as an indirect proof of such an interpretation. Deep silicification
of the specimen precluded investigation of the older offsets in serial sections with peel replicas.

Individual variation. — The inadequate number of specimens prevents any extensive discussion
about the problem. The calices vary in two aspects: a) depth and shape, b) relation of depth to
length of the corallites. Both these aspects are often random, showing no connection to the
stage of ontogenetic development of the specimens. The calices are generally deep, occupying
from less than half to slightly more than a third of the corallite length. Sclerenchymal columns
in corallite axes have been produced by almost all specimens investigated in sections. In contrast
to the holotype, the cardinal and the counter septum of most of the paratypes sectioned remain
connected for a long period of their ontogeny (fig. 69:2a, b). Minor septa, contratingent, or
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contraclined vary greatly in length within a given section of a single specimen. The counter
sepium may be slightly elongated (fig. 69:2¢).

Remarks. — The species discussed has one of the largest ratios of depth of calices to length
of corallites and one of the largest dimensions at calice margins. It resembles Paraduplophyllum
Wu and ZHou, 1982 in having the sepia smooih and the calices deep. The morphology of calices,
ond especially long blades of the minor sepia forms the most important character disiinguishing
A. (A) compacta sp. n. from that genus. There is no specics of Assimulia (Assimulia) subgen. n.
described so far to compare A. (A4.) compacta sp. n. more closely.

Occurrence. — USNM 728E:5, 728f:2, Lower Bone Spring Formation; 720e:1, Lower
Skinner Ranch Formaiion; 715v:2, Skinner Ranch Formation, Decie Ranch member. Upper
Wolfcampian.

Assimulia (Assimulia) sp. |

(fig. 66:3; pls. 30:14; 33:3)

Material. — The incomplete, silicified specimen having the calice preserved.

Description. — An almost complete calice with 27 <2 septa has a depth of 13.5 mm and
a diameter of 13.7 mm. The major septa were slighily broken apart, and their original shape
remains unknown. Their arrangement, radial at the external wall, becomes pinnaicly bilateral
at the calice floor. The major septa near ihe cardinal and the counter sepia are slightly shortened.
The cardinal sepium penetrates the narrow but distinct cardinal fossula, reaching the corallite
axis. The counier septum, longer than all major sepia in the counter quadrants, is slightly thick-
ened axially to form a kind of columella. The moderately long minor septa are free and mostly
contraclined.

In the transverse section made in the cylindrical part of ihe corallite approximately 0.5 cm
beneath the calice, the major sepia are arranged similar to the arrangement in the calice. There
are no sysiems present, but the middle septa of the quadrants belong to the longest. Their
axial ends are thickened so as to meet laterally. All empty spaces between these thickened ends,
as well as the axial part of the corallite, is filled in with stereoplasm. The cardinal and counter
septa are in contact at the corallite axis but are not united by their middle lines. The cardinal
sepium is thinner than all other major septa and slightly rhopaloid axially. The counter septum
is almost equally thick along its length. The minor septa, including those adjacent to the counier
sepium, are non-contratingent, but are in lateral coniact with the neighbouring major septa
along their whole length. They are 1/2 to 2/3 the length of the major septa, only sporadically
reaching the axial thickenings of the laiter. The cardinal fossula is not marked. The 2 mm thick
septotheca consists of equally thickened peripheral parts of the major and minor septa.

Remarks. — The specimen described differs distinctly from all the species of this genus so
far described. Its generic position is confirmed mainly by the morphology of the calice. 4. (4.)
arta sp. n. from the Lower Wolfcampian is the only species exhibiting some similarity in indivi-
dual sections more enriched with stereoplasm.

Occurrence. — Locality USNM 7221 :1, Skinner Ranch Formation, Sullivan Peak member.
Upper Wolfcampian.

Subgenus A. (Ericina) subgen. n.

(Type species: A. (E.) fracta sp. n.

Species assigned: ? Lopholasma ilitschense FELSER, 1937 non SosukINA, 1928, ? Metriophyllum qugangqulutense Guo,
1980, ? Paraduplophylium arcuatum Wu and Zwou, 1982, A. (E.) fracta sp. n., A. (E.) recrea sp. n.
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Diagnosis. — Assinnia having cardinal fossula fairly well seen in calices; in sections major
septa semi-pinnately or radially arranged, nonrhopaloid, meet at or come close to corallite
axis; septa, especially minor, commonly disintegrated into zig-zag carinae-like bodies.

Remarks. — As for the genus.

Assimulia (Ericina) fracta sp. n.

(figs. 70, 71: pls. 29:6—10; 30:1 —4; 31:2—11)

Holotype: Specimen USNM 197140, fig. 71:2a- d: pls. 30:1a, b, 3140, b,

Type localiry: USNM 7221.

Trype horizon: Skinner Ranch Formation, Sullivan Peak member.

Derivation of the name: lat. fractus, a, nm - broken - afler carinas-like fragmented septa.

Material. — More than 100 silicified specimens, several having almost complete calices
and/or proximal ends preserved. Most of ihe calices are parily filled in with matrix. The proximal
ends are commonly coarsely silicified, although the rest of the internal structurc is often preserved
in calcite.

Some features of representative corallites (in mm):

USNM Depth of

cat. Nos. N:d ratio calice Remarks
197140 24:10.7 140 calice margin

. 24:10.6 just bencath calice
197144 21: 9.5 incompl. calice floor

' 20: 7.8 just beneath calice
197136 20: 8.4 85 calice margin

” 20: 8.0 just beneath calice

» 18: 6.9 middle of growth
197146 20: 7.3 73 calice margin

. 19: 6.2 just beneath calice
197133 20: 5.5 82 calice margin

. 16: 4.6 middle of growth
197143 19: 6.4 10:0 calice margin

" 18: 5.5 just beneath calice
197150 18: 6.4 83 calice margin
197149 18: 4.9 82 calice margin

Diagnosis. — A. (Ericina) having maximum septal index at calice margin 24:11; calices deep,
funnel-shaped, with slightly dominating counter sepium; in transverse sections septa much
thicker at periphery, commonly divided into zig-zag carinae-like bodies, minor septa more so.

Description of the holotype. — The external characters of the specimen do not differ from
those of the paratypes, described below in detail. The axial end of the cardinal septum is broken
(an apparent shortening on pl. 31:4a). In the transverse section made just beneath the calice
(fig. 71:2a; pl. 30:1a) the major septa reach or almost reach the corallite axis. Their peripheral
portions, several times thicker than the very thin axial ends, form the I mm thick septotheca.
The counter septum is hardly distinguishable. The cardinal septum does not differ from other
major septa. The septal cardinal fossula is not developed. All minor septa are almost as long
as the major ones, and are mostly contratingent. Those adjacent to the counter septum are free.
Almost all septa appear carinated. This morphology results from their division into zig-zag
carinae-like fragments. The peripheral part of any such fragment follows the main dircction of
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Fig. 70.
Assimulia (Ericina) fracta sp. n. 1. Specimen USNM 197132, Locality USNM 7221, Skinner Ranch Formation, Sullivan
Péak member. Longitudinal scction, x 8. 2. Specimen USNM 197133. Locality USNM 721. Lower Hucco Formation.
Transverse section, ephebic stage having incipient rejuvenation, x 8. 3. Specimen USNM 197134, Locality USNM 7221,
Skinner Ranch Formation, Sullivan Peak member. Transversc sections; a — early neanic stage, x 16; b -— early ephebic
stage, x 8; c — ephebic stage, x 8. 4. Specimen USNM 197135, Locality and horizon as above; a, b — transverse sections,
ephebic stage, x 8. 5. Specimen USNM 197136. Locality USNM 7230, Skinner Ranch Formation. Transverse sections;
a — ephebic stage; b — section made just beneath calice floor; short-septal variant having very deep axial rejuvenation.
Both, % 8. 6. Specimen USNM 197137, Locality USNM 7221, Skinner Ranch Formation, Sullivan:Peuk member. Trans-
verse sections; a — early ephebic stage; b -— ephebic stage. Both, x 8. 7. Specimen USNM 197138, Locality and horizon
as above. Transverse sections; a — deep axial rcjuvenation having fatc ncanic morphology; b —ephebic stage. Both, x 8.



192 JERZY FEDOROWSKI

Fig. 71.
Assimulia (Ericina) fracta sp.n. 1. Specimzn USNM 197139, Locality USNM 7221, Skinner Ranch Formation, Sullivan
Peak member, Transverse sections: a — late neanic stage, b, ¢ --- ephebic stage. 2. Specimen USNM 197140. Holotype.
Locaiity and horizon as above: a —-transverse section, ephcebic stage, b—d — successive Iongitudinal sections showing
carvination (?) of septa. All, x8.

a septum. while its axial part bent Jaterally. forming a carina-like struciure on the laieral surface
of a septum (fig. 71:2b, ¢; pl. 30:1b; sce also pl. 31:0b). These structures are better seen on the
minor septa, which are mostly thin and consist of a single row of trabeculae. The structure of
the major sepia, alihough generally similar, is often camouflaged and complicated by their
diffuso-trabecular microstructure. Some sepia bear additional plates, which can well be com-
pared to metriophylloid carinae. Scctions of the periaxial parts of the holotype show no carinae
or carinae-like structures (fig. 71:2a, d). Morphogenesis of the described type of septa will
be discussed in more detail in the general volume of this monograph.

The best longitudinal scction was prepared from one of the paratypes (fig. 70:1). The tabula-
rium is composed of a narrow axial area, occupicd by the horizontal axial parts of tabulae,
and a wide peripheral area showing a strongly biform arrangement of tabulac. The tabulae
in both positions are almost horizonial near the external wall, but they soon change their direc-
tions. Those of Position I are steeply declined adaxially, while those of Posiiion II are steeply
inclined adaxially, while those of Position I are steeply inclined upward. The relation mentioned
is best seen near the inner margins of minor septa (fig. 70:1, left). No traces of carinae sensu
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stricto were found either in the serial longitudinal sections of the holotype or in the paratype
described above. Some parts of septa in the longitudinal section bear thickenings corresponding
to the carinae-like portions, looking sometimes like being longitudinally duplicated (fig. 71:
2b—d; pl. 30:1b). This is in full agreement with the observations in the transverse seciions
described above.

External characters of specimens. — Corallites are subcylindrical, elongated, ofien slightly
curved (pl. 31:2b, 3a, b, 4b, 10a, 11b). The ontogenetically young specimens are horn-sheped,
supplied wiih attachment processes. External surfaces of corallites bear delicate septal furrows
and growth striae. The calices are deep, funnel-shaped, with the marginal zone occupied by the
equally developed foundations of the major and minor septa (pl. 31:2a, 4a). In the inner zone
of the calices, the smooth upper ridges of the major septa dominate (pl. 31:2a, 3¢, 4a, 5. 8.
11a). The minor septa, long but thin, are hardly seen between the former. The counter septum
in most of the corallites is onger than lother major septa, almost all of which meet at the corallite
axis. The dominative role of the counter septum is marked by its slightly higher elevation of
the axial end and by an arrangement of the major septa in the counter quadrants: one or iwo
pairs of them adjacent to the counter septum are shortened. The cardinal septum is slightly
less elevated than other major septa, but it is not shorter, being elongated to the corallite axis
along the narrow cardinal fossula. The latter is bordered by 1—3 pairs of the slightly shoriened
major septa adjacent to the cardinal septum. The arrangement described made the symmetry
semi-radial, although all major septa tend to meet at the corallite axis.

Ontogeny.— All observations on the broken tips of specimens and in the transverse seciions
(e. g. fig. 70:3a) show agreement of the early ontogeny of this species with the main characteristics
of the family. .

Individual variation. — Some differences in the dimensions of corallites depend on the stage
of ontogenetic development rather than reflecting real interspecific variability. Differences
in morphology of septa seem most interesting. The holotype and quite a few paratypes belong
to a group having most fragmented septa (figs. 70:4a, b, 5a, b, 7b; 71:2a; pls. 29:7b, ¢, 10;
30:4; 31:6a, b, 9) while in some other specimens (e. g. figs. 70:2, 3b, ¢, 6a, b; 71:1a—c¢; pls.
29:8a, b, 9a—c; 30:3), only some septa show that characteristic development. In other corallites,
carinac-like structures are common (pl. 30:2a, b). Some of them are so long as to almost reach
the neighbouring septum.

Among other morphological structures, differences in length of the counter septum draw
attention. In some calices this septum is almost indistinguishable from other major septa (figs.
70:2,3b,¢,5a,b,6a.b;7l:1a—c;pls. 29:6a, b, 8a, b, 10; 30:2a, b; 31:9), while in the opposite
extreme. it is quite distinct (fig. 70:4a, b, 7b; pls. 29:7b, c, 9a; 30:4). Better development of
the diffuso-trabecular microstructure of septa is, to some extent, dependent on the growth stage,
being more common in the mature specimens. Differences in length of the minor septa and in
the number of the contratingent versus freec minor septa vary slightly both in ontogeny of a single
specimen and between specimens.

Some specimens (e. g.pl.30:3) have weakly fragmented septa arranged in pairs, with especially
well accentuated two positions of the tabulae. This character is best seen directly on the specimens,
where the infillings of the septal loculi occupied by the tabulae in Position T differ clearly from
these in Position 1I.

Remarks.— The species described is type for the subgenus; remarks are thus restricted to
its similarity and distinction to earlier described species and to species of the nominative subge-
nus. Tt differs from the latter first of all in the subgeneric characters. A. (4.) tergida (Ross and
Ross, 1962) has also smaller dimensions and different n: d ratio and so does 4. (A.) flexibilis
sp. n. A. (4.) septarugosa (Moorg and JEFForDs, 1941) differs additionally in having the major
and minor septa much more differentiated in thickness.

Two specimens (fig. 70:5a, b; pl. 29:9a—<¢) have wide free axial areas showing some similar-

13 — Palaeontologia Polonica 48
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ity to “Lopholasma™ ilitschense FELSER, 1937 non SosHkINA, 1928 from the Lower Permian
Trogkofel Limestone of the Carnic Alps. Different n:d ratio and stronger waviness and frag-
mentation of septa distinguish these two corals from the Carnic Alps species.

The Chinese species, included with some resiriction in this subgenus, may well appear
members of Paraduplophyllum (Vacoea) subgen. n. This has to be checked against the morphology
of their calices and against the occurrence of fragmentation of the septa. This was impossible
to establish for certain on the illustrations published by the Chinese auihors.

Occurrence — USNM 721:14, Lower Hueco Formation; 7230:2, Skinner Ranch Formation,
undivided; 707¢:2, 707d:5, 7221:93, Skinner Ranch Formation, Sullivan Peak member. Upper
Wolfcampian.

Assimulia (Ericing) recrea sp. n.
(figs. 72—74; pls. 30:5—13; 32:1—12; 33:1, 2)

Holotype: Specimen USNM 197151, fig. 72:1a—p; pls. 30:7a—e; 32:7a, b.

Type locality: USNM 728c.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: lat. recreo — to enlive, to reviye — after very common rejuvenation.

Material. — More than 80 specimens, often complete. Several calices free of matrix. Internal
structure often preserved in calcite, except for the proximal ends, commonly silicified
7

N:d ratio of representative corallites (in mm):

USNM .
cat. nos. N:d ratio Remarks
197167 24:10.2x10.2 calice margin
197170 24: 9.2x 9.2 calice margin
197175 22:10.0x 8.8 calice margin
197151 22: 9.2x 8.7 calice margin
197151 22: 9.0x 8.2 near calice floor

. 22: 7.8x 7.8 2 mm below
197159 22: 8.7x 8.5 calice margin

" 22: 7.7x 6.7 near calice floor

’ 22: 7.0x 5.8 2.5 mm below
197164 21: 8.1x 7.8 calice margin
197166 2]: 6.2%x 6.2 calice margin
197162 20: 9.2x 8.7 calice margin

" 20: 7.0x 6.8 just beneath calice
197169 19: 7.5% 6.7 calice margin
197172 18: 7.1 x 6.8 middle of calice
197157 16: 5.5x 4.3 calice margin
197171 15: 4.0x 3.4 calice margin

Diagnosis. — Assimulia (Ericina) having maximum n:d ratio at calice margin 24:10.5, most
commonly 20—22:7.0—8.5; septa wavy, peripherally thickened; majors meet in corallite axis
in indistinct systems; minor septa long, contratingent, much thinner than majors, peripherally
carinae-like fragmented, underdeveloped in calices.

Description of the holotype. — External characters (pl. 32:7a, b). The specimen is 27 mm long,
irregularly conico-cylindrical, having numerous rejuvenations at different levels of its growth.
The attachment flattening, bounded by a number of small attachment protuberations, occurs
along half the length of the corallite, starting from its tip. Distinct interseptal ribbings occur
along most of its length, except for the tip, where only growth striae can be distinguished,
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Fig. 72.
Assimulia (Ericina) recrea sp. n. 1, Specimen USNM 197151, Holotype. Locality USNM 728e, Lower Bone Spring Form-
ation; a, b —- transverse sections, early neanic stage, x 16; ¢, d — transverse sections, neanic stage, x 8; e—h — transverse
sections, early to late neanic stage, x 8; i — transverse section made above floor of oldest calice, and three successive reju-
venations, x 8; j—p — successive longitudinal sections made from corallite periphery to its axis, x 8. 2. Specimen USNM
197152. Locality USNM 7231, top of Skinner Ranch Formation. Transverse section, early ephebic stage, x 8. 3. Specimen
USNM 197153. Locality and horizon as above. Transverse section ol rejuvenated corallite, x 8. 4. Specimen USNM 197154,
Locality and horizon as above. Transverse section, late ncanic/early ephebic stage having weak carination (?) of septa. x 8.
5. Specimen USNM 197155, Locality USNM 7221. Skinner Ranch Formation, Suilivan Peak member. Transverse sections;
a — late neanic/early ephebic stage; b ---ephebic stage. Both, x 8.



Fig. 73
Assimulia (Ericina) recrea sp. n. 1. Specimen USNM 197156. Locality USNM 728e. Lower Bone Spring Formation.
Transverse sections; a — juvenile morphology retained long in ontogeny, b — ephebic morphology; ¢ — major septa
withdrawn from corallite axis; d — lateral rejuvenation occurring in uppermost part of corallite. 2. Specimen USNM
197157. Locality USNM 707b, Skinner Ranch Formation, Sullivan Peak member; a—c — successive transverse sections;
b and ¢ having commensal worm tube incorporated. 3. Specimen USNM 197]58. Locality USNM 728e, Lower Bone
Spring Formation. Transverse scctions; a — ephebic stage; b — deep axial rejuvenation. 4. Specimen USNM 197159,
Locality and horizon as above. Transverse sections; a — early ephebic stage, b — ephebic stage; ¢ — just above calice
floor except for most loculi in Position I. 5. Specimen USNM 197160. Locality and horizon as above. Transverse section,
ephebic stage of laterally rejuvenated corallite. All, x 8.
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Fig. 74.
Assimulia (Ericina) recrea sp. n. 1. Specimen USNM 197161, Locality USNM 728e, Lower Bone Spring Formation.
Transverse sections; a — late neanic/early ephebic stage; b, ¢ — ephebic stage having counter septum slightly dominating
in thickness; d — calice (left) and continued to grow part of corallite (upper right), e — early stage of lateral rejuvenation
based on counter septum and adjacent major septa; f — rejuvenated corallite starting new axial rejuvenation just before
its final mortification. 2. Specimen USNM 197162, Locality and horizon as above; a, b — transverse sections, ephebic
stage. All, x8.

The calice is approximately 7 mm deep from its upper margin to the bottom of the youngest
rejuvenation. Its strongly wavy margin marks the peripheral zone of the calice, where foundations
of the major and minor septa are equally developed. The calice margin of the youngest rejuvena-
tion is almost straight and the peripheral zone is smooth. The beginning of the inner zone of the
old calice is fairly well marked by an almost complete disappearance of the minor septa. Blades
of the major septa, smooth and rounded in their upper margins, slope down without niarking
any intermediate zone of the calice.

The corallite rejuvenated five times, with all rejuvenations taking place within the frame of
the old calice and diping successively into it. The lateral kind of rejuvenation, with a permanent
portion of the old calice being left alive, provided this side of the youngest calice with the same,
old major septa (pl. 32:7a). It inherited also the lowermost part of the old septa that became
clongated along the new wall as soon as it is developed.

Morphology in the transverse sections. — Three sections (fig. 72:1g—i) can be considered
as mature, but only the middle one (fig. 71 :1h; pl. 30:7d) exhibits the most advanced morphology.
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The major septa are wavy, but nol so much as to become fragmented; very thin in their inner
parts, peripherally thickened, and bent slightly towards the cardinal septum, they meet in the
corallite axis forming hardly distinguishable systems. The minor septa, contratingent and almost
as long as the major septa, are thinner and more strongly bent than the latter; some of them
bend so much as to form carinae-like fragmentations at their periphery. The hardly distinguishable
cardinal and counter septa do not differ from the other major septa. They meet at the corallite
axis.

The morphology in the ontogenctically younger section (fig. 72: 1 g) differs from that de-
scribed above only by slightly more accentuated differences in thickness of major and minor
septa and by an increase of waviness of the latter. The same is true for the uppermost section
that was cut through the rejuvenation (fig. 72:11). The carinae-like structures are fairly common
on the very thin and distinctly wavy minor septa of this stage of growth.

Serial longitudinal sections made through the cardinal quadrants of the early maiure part
of the corallite (fig. 72:1j—p; pl. 32:7¢) show clearly biform tabularium of the peripheral part,
absence of metriophylloid carinae, and presence of carinae similar to the xyloid type. Axial
parts of the tabulae are horizontal and spaced 0.3—0.5 mm.

Early ontogeny of the holotype (fig. 72:1a, b; pl. 32:7a, b) has been investigated on the
apical part of the corallite with only the growth striae present. The youngest part preserved,
1.0 0.8 mm in diameter, exhibits a septal apparatus composed of 8 septa, bilaterally arranged,
with the axial septum as the symmetry axis (fig. 72:1a; pl. 32:7a). The bifurcated lateral septa
are interpreted as the counter-lateral septa and the contrafused minor septa corresponding to
them. Absence of the minor septa at the counter septum is notable. The corallite retains the
same number of septa during at least 0.4 mm of further growth.

In the next thin section, made approximately 0.5 mm apart (fig. 72:1b; pl. 32:7b), a single
minor septum at the counter septum and another one in a cardinal quadrant are being inserted.
Increase of septa remains irregular during further growth of approximately 0.7—1.0 mm i. e.
until the appearance of the first septal furrows (pl. 32:7b). The arrangement, positions, and
sequence of appearance of septa indicate that an increase of the major and minor septa alternate
both in the apex and in the higher, ribbed part of the corallite. The second minor septum at
the counter septum appeared almost at the level of that ribbed portion. The appearance of the
latter does not change the model of increase of further septa (fig. 72:1¢, d), making mysterious
the reason for the septal furrows not having been developed on the tip.

Individual variation. — The shape of the corallites varies from conical and almost trochoid
(pls. 32:8a; 33:1a) through horn-shaped or conico-cylindrical (pl. 32:2, 5b, 6b, 7b, 12b)
to scolecoid (pls. 32:3a, b; 33:2a). All better preserved specimens show flattenings or imprints
of attachment and are supplied with atiachment protuberations or processes. Development
of these bodies is to a large extent correlated with the shape of specimens. The scolecoid corallites
are almost lacking attachments, while those of the two other groups have them well and very
well developed. No talons are present, but attachment processes of some specimens are so
strong as to destroy the symmetry of the calice.

There are hardly any calices within the colleciion of this specics that do not show traces of
rejuvenation. In some specimens (e. g. pl. 32:1, 12a, c), the process of rejuvenation has been
repeated so many times as to result in reduction of the diameter to a twelfth of the starting calice
and to aseptal morphology. Almost as large reduction of the diameter might have taken place
almost immediately, however (pl. 32:9a, b). Apart from changes in morphology caused by
rejuvenation, the calices differ slightly inn:d ratio and in development of the minor septa in
their inner zone. Their lengihs vary there from short but well distinguishable blades (pl. 32:
8a, b, 9a, 12a) to almost smooth external wall in the loculi between the major septa (pl. 33:1b).
The first and intermediate variants constitute most of the collection, whilst the calices belonging
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to the latter variant are very rare. There are no specimens with long minor septa in calices
present, however.

Differences in sections of the mature parts of corallites depend to some extent on positions
of the sections compared (early to late stage). There are also some more substantial variations
in morphology, however. The holotype and several paratypes (figs. 73:1a—d, 3a, b; 74:2a, b;
pl. 30:5a, b, 6a, b, 11) may well be considered as the central, most frequent morphotype.
Differences between these paratypes and in comparison to the holotype are slight and concern
mainly the thickness of the major and minorsepta and the relation of the uncarinated (fractioned ?)
to carinated minor septa, with the latter never being in large majority. Thickenings of axial
ends of the major septa in the late neanic/early ephebic stage, exposed well in the holotype,
can be seen, but never so advanced, in the paratypes (e. g. fig. 73:1a, b, 5). The cardinal septa
are permanently long, also in calices. This is equally true for all the variants discussed below
(e. g. figs. 73:4c; 74:1d, ).

The next variant, composed mainly of corallites with small dimensions, can eventually be
treated as ontogenetically determined. The radial arrangement of septa, typical for the mature
portions of specimens of the central group, speaks in favour of distinction of this group of corals
as a morphological variant. Large differences in thickness of the major and minor septa and the
almost complete absence of the carine-like structures on the latter are the main eharacteristics
of its representatives (fig. 72:2, 4, 5a, b; pl. 30:12). Individual sections of rare specimens of this
group expose more strong carination (fragmentation?) of septa (fig. 73:2¢; pl. 30:9). Sections
of thc same specimen, immediately below the afore mentioned one (fig. 73:2b) show these
struciures much less distinctly developed. '

From the other two variants, each represented by a single specimen studied, the one having
the counter septum slightly dominating (fig. 74:1a—<) is otherwise similar to the holotype,
especially in its mature portion (figs. 74:1c). The ontogenetically younger section (fig. 74:1a)
differs from the comparable section of the holotype in having the major septa much more straight
and thin axially.

The second specimen discussed (fig. 73: 4a—c) differs from all other specimens of this species
in having the minor septa located so close to the major ones as to give the impression as being
Jaterally united in some loculi. Positions I and II of the tabulae are additionally stressed by
different matrix infillings in the given septal loculi. The specimen has been included in the
species discussed mainly because of the typical morphology of its calice.

Rejuvenation. — In spite of an apparent variety, the process of the rejuvenation can be reduced
to only a few generalized steps or phases. Separition of a given part of an old calice from the
rest of it forms the first step (pl. 33:1b), either in axial (upper circular wall on the picture)
or in lateral rejuvenation (a wall structure at the calice floor that unites two major septa). The
more advanced stage of the latter is shown in fig. 74:1e. Presence of a part of an old septal
apparatus is almost invariably a character of this stage. It has probably been present even
in an almost aseptal tube of the very early rejuvenated young corallite (pl. 33:2b). Only the
very extreme axial rejuvenation of the calices strongly reduced in dimensions leads to the appear-
ance of a completely structure-less short ring of an external wall, i. e. the aseptal morphology
(pl. 32:12c¢). Previous rejuvenations of the same specimen were normally septal, however (pl.
32:12a).

Reduction of the minor septa in an early stage of rejuvenated calice is the second general
character in common. Septal furrows corresponding to those septa are present on a corallite
surface, however (pl. 32:5¢), except for the beginning of this stage, which shows only growth
striae and is directly comparable to early ontogeny of corallites of this species.

Reduction of dimensions may sometimes lead to creation of a calice showing regular,
zaphrentoid arrangement of septa at its floor (pl. 32:6¢). The illustrated calice, 1.8 x 1.7 mm
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in diameter has imost possibly 8 10 10 septa at its floor and a stmilar number of them on its wall.
A slightly more advanced stage with better developed septal blades, but similar in the arrangement
of septa, is more common (pl. 32:5¢, 11). A young calice, fully developed in the course of
rejuvenescence (pl. 32:5a. ¢) may well be compared with those developed in normal ontogeny
(pl. 32: 4, 10). In all these calices the minor septa are not prescnt in their lumens. Their founda-
tions appear in calices slightly more advanced in ontogeny (e. g. external part of the young calice
of the specimen USNM 197167, pl. 32:5c¢; third rejuvenation of the specimen USNM 197169
and USNM 197173, pl. 32:8b, 12a, ¢ respectively, etc.). Reduction in the number and length
of the major septa during the advanced process of rejuvenation may also lead to the formation
of the irregular arrangcment of partly new and partly old major septa (pl. 32:9b). The latter
phenomenon was observed only during lateral rejuvenation.

Remarks. — The species discussed shows the closest similarity to 4. (E.) fracta sp. n. and
also to A. (A.) abscessa sp. n. both from the Upper Wolfcampian. The rather shallow czlice,
with underdeveloped or rarely absent minor septa, distinguish it from both these species.
Although it has an n:d ratio similar to A. (£.) fracta sp. n., A. (E.) recrea sp. n. differs from
the latter in having much less advanced development of the carinae-like structures, larger
differences in thickness of the major and minor septa, shallower calices when compared to the
length of the corallites and larger diameters achieved by extreme specimens. From A. (4.)
abscessa sp. n., the species discussed differs in n:d ratio, larger diameters of corallites, an absence
of thickenings of axial ends of major septa, except for some ontogenetically young sections,
much better accentuated arrangement of major septa in systems, and in their almost invariable
junction at the corallite axis.

Occurrence. — USNM locality 728e:68, 728f:1, Lower Bone Spring Formation; 707b:2,
722h:1, 7231:4, 733j:1, Skinner Ranch Formation, Sullivan Peak member; 727f:2, Upper
Skinner Ranch Formation; 707a:2, Skinner Ranch Formation, Decie Ranch member. Upper
Wolfcampian.

Genus Paraduplophyllum Wu and Zuou, 1982

Type species: P, delicatum Wu and Zuou, 1982

Synonym. Duplophyllum Guo, 1980 non Kokir, 1924.
Subgenera assigned: Paraduplophyllunmt Wu and Znou, 1982; Yucoea subgen. n.

Diagnosis. -— Lophotichiidae having smooth major septa weakly developed in wide, deep
calices where minor septa are hardly seen or absent; scpta of both cycles elongate on calice
floor and beneath it, major septa often to axial connection; amplexoid species may occur;
cardinal septum equal to other major septa; counter septum may form weak, simple columella
in calice but not in sections; peripheial and/or split-like carinae may occur.

Remarks. — The present paper was almost ready for publication and the family Lophotichii-
dae WEYER, 1972 was completely elaborated when | received a copy of Wu and Znou (1982)
with the genus Paraduplophyllum newly established by these authors. It was thus necessary
to change some parts of the manuscript, but not the previous concept of the taxon.

First of all I do not agree with the family placement of Paraduplophyllum by Wu and ZnHou
(1982) and [ transferred that genus from the family Metriophyllidae HiLr, 1939 to Lophotichiidae
WEYER, 1972. This has been done in spite of the fact that the early growth stages of the type
species of Paraduplophyllum were not illustrated and described by Wu and Zrou (1982). The
mature morphology of all specimens illustrated by those authors left almost no doubts that it
does not differ from specimens described here in detail. The strongly biform tabularium present
in Paraduplophyilum and lacking in Metriophyllum M.-Epwarps and HaiMi, 1850 speaks
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adequately against its original placement, even without a knowledge of the early ontogeny of
its type species.

The calices of the Chinese specimens remain unknown, while their morphology was estab-
lished herein as one of the most important diagnostic characters for the American taxa. Because
of this, the placement of the two Chinese species in different genera, proposed in this paper,
must be considered temporary. This has been done because of the close similarity of the
Chinese to the American species of given subgenera.

The original generic diagnosis was emended because of its incompletness. This concerns,
first of all, the cccurrerce of the biformity of the tabularium and the early ontogeny, both 1ypical
for Lophotichiidae. It was alco broadened because of the presence of amplexoid species in Ameri-
can collection.

In the remarks on their new genus, WU and Zuou (1982) pointed out the similarity of that
genus to Duplophyllum KOKER, 1924 and to Asserculinia SCHOUPPE and STACUL, 1959. In the
latter case, they indicated an absence of the fossula in Paraduplophyllum, which in fact may
not be a case. It is true, however, that the cardinal fossula is inconspicuous, often very much so,
because of the arrangement of the major and minor septa, especially in the nominative subgenus.
The similarity of Paraduplophyllum to Duplophyllum is rather superficial, although one of two
missing specimens originally illustrated by Koker (1924, pl. 8, fig. 2) might well belong to P.
(Vacoea) subgen. n. The present status of Duplophyllum was recently discussed by FEDOROWSKI
(1986).

The stratigraphic position of the type species of the genus was originally established as Upper
Carboniferous. However, the Kangkelin Formation, from which it came, is regarded by Wu
and Zuou (1982) as the same age as the Sakmarian of the USSR and Lower Wolfcampian of
the USA, both considered Lower Permian in accordance with the generally accepted time scale.
Such an occurrence makes this genus, as well as the closely related Assimulia gen. n., a good
guide to the Lower Permian and, maybe also one of the guide fossils for the lower boundary
of the Permian System, at least in some parts of North-America and China. These subgenera
appear to be of interest for international correlation.

Guo SHENGZHE (1980:107, pl. 62, figs. 10a, b) described a new species Duplophyllum sub-
dendroideum as colonial. Three specimens located next to each other on the section do not prove
colonial growth form (FEporowskI1 1981), and the species may well be solitary. The early onto-
geny and morphology of the calices are unknown. The morphology of the mature portion in
both longitudinal and transverse section fits well with the diagnosis of Paraduplophyllum and
especially with the carinated forms of the nominative subgenus. The specimens discussed seem
to be close to the American species discussed here, but the incompletness of their description
and illustration as well as the uncertain growth form, prevent establishment of their precise
relation.

Subgenus P. (Paraduplophyllum) Wu and Znou, 1982

Type species: as for the genus

Species assigned: Duplophyllum subdendroideum Guo, 1980, P, (P.) delicaturn WU and Zvou, 1982, P. (P.) multiplicatum
sp. n., P. (P.) oppositum sp. n.

Diagnosis. — Paraduplophyllum having at least some minor septa arranged in ditoecholasmid
manner; cardinal and counter septa equal to other major septa in length and in height in calice;
long, split-like and peripheral carinae may occur.

Remarks. -— Two subgenera can be recognized in the corals described in this paper: the rare
nominative subgenus and the much more abundant subgenus Vacoea subgen. n. The latter
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differs from the former in the relation of the major and minor septa, the arrangement of tabulae,
which slope steeply in both positions, and, in the lack of peripheral and/or split-like carinae.
The latter character may not occur in some specimens or species of the nominative subgenus,
but it is well developed in P. (P.) multiplicatum sp. n. and seems to be present also in some
specimens of the type species (e. g. Wu and Zunou, 1982, pl. 3, fig. 1) and in the ontogenetically
most advanced specimen of Guo (1980, pl. 62, fig. 10a). The differences listed are adequate for
subgeneric distinction in spite of the fact that they appear in combination with characters
common for both subgenera.

Paruduplophyllum (Paraduplophyllunt) oppositum sp. n.
(fig. 75; pls. 30:15—18; 33:4—11)

Holotype: Specimen USNM 197176, fig. 75:3a—35; pl. 30:17.

Type locality: USNM 702d. _

Type horizon: Hess Formation, Taylor Ranch member, Upper Wolfcampian.

Derivation of the name: lat. oppono, posui, positum — opposed —— after positions of major and minor septa.

Material. — More than 40 silicified specimens; several with calices and/or proximal ends
preserved but mostly deeply silicified.

N: d ratio of representative specimens (in mm):

USNM

cat. nos. N:d ratio Remarks
197183 20:7.8 middle of calice
197178 19:7.1 calice margin
" 18:6.2 just beneath calice
» 18:5.5 carther beneath calice
197187 18:6.4 calice floor
197181 17:6.0 beneath calice
197176 16:5.8 calice floor
- 16:4.8 just beneath calice
" 14:3.8 carly ephebic stage
197179 16:5.7 just beneath calice
197185 16:3.7 calice floor

Diagnosis. — P. (Paraduplophylluni) havingn: d ratio near calice floor 16:5.7—18:6.2; septa
thin, noncarinated.

Description of the holotype. — The narrow ceratoid corallite bears delicate growth striae
and shallow septal furrows on its epitheca. The calice, preserved only in its lower part and slightly
filled in with matrix, exhibits a shallow axial rejuvenation. Minor septa are not seen. Major
septa, short at the wall, become elongated along the calice floor. In the section made 2 mm below
the calice floor (fig. 75:31), the arrangement of major septa is centripetal, with almost all of
them, including the cardinal and counter septa, connected at the corallite axis. The latter two
form a symmetry axis for all other septa. Judging from the densely packed sections of tabulae
in Position If, directly comparable with other loculi, the cardinal tabular fossula may not be
developed.

Minor septa are almost as long as the major septa. Each of them starts close to a counter
side base of one septum and meets the periaxial, cardinal side part of an adjacent major septum.
Because of this arrangement, there arc two minos septa starting at the base of a cardinal septum
and none at the base of a counter septum. A wide triad is always present at the latter instead.
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Fig. 75.
Paraduplophyllum (Paraduplophylum) oppositum sp. n. 1, Specimen USNM 197177, Locality USNM 727, Skinner Ranch
Formation, Decie Ranch member; a—c — transverse sections, early to late ephebic stage. 2. Specimen USNM 197178.
Locality USNM 7221, Skinner Ranch Formation, Sullivan Peak member; a, b — transverse sections, ephebic stage. 3.
Specimen USNM 197176. Holotype. Locality USNM 702d, Hess Formation, Taylor Ranch member; a—f — transverse
sections, early to late neanic stage; g—l — transverse sections, early to late ephebic stage; m—s — successive longitudinal
sections made from corallite periphery to its axis. 4. Specimen USNM 197179. Locality and horizon as above. Transverse
sections; a, b —rejuvenated part of corallite having early ephebic morphology; ¢, d —ephebic stage. All, x8.
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The arrangement described is very constant. It is not developed only at an early ontogeny
(see below) and is slightly broken for only 2—3 mm of the mature growth of the corallite (fig.
75:3j, k; pl. 30:17). The axial area free of septa seen there must be treated as incidental (patho-
logical ? mechanically or diagenetically caused?), because the sections made both below and
above the mentioned portion of growth show typical morphology.

The longitudinal serial section was made in counter quadrants between the transverse
sections shown on fig. 75:31and 3j. Tabulae in Position I (wide septal loculi) are almost regularly,
widely spaced 4—6 for 4 mm, and are horizontal or sloping slightly downwards abaxially.
Only peripheral parts of these tabulae near the counter septum rise slightly upwards, being
broadly tent-shaped (fig. 75:3m—o). Tabulae in Position 1I (very narrow septal loculi) are
directed obliquely, but not steeply, upward at the periphery, with some of them being horizontal.
Their periaxial parts (fig. 75:3p—s) slope very steeply upwards abaxially. Axial parts of tabulae
are horizontal (fig. 75:3s, lower part).

Ontogeny has been investigated from the youngest preserved stage, 1.2x 1.4 mm in diameter
and 12 septa. Due to silicification of the tip, the peel technique could not be used and fig. 75:
3a—f are camera lucida drawings from polished surfaces.

The cardinal and the counter septum of the youngest stage observed (fig. 75:3a) are directly
united by their middle Tines. The latter are thicker than all other major septa. The metasepta
and the lateral protosepta form an introductory stage of four systems. Their middle lines are
directly united. Of six septa present in the counter quadrants, two are minor septa contrafused
to the counter-lateral septa. The minor septa adjacent to the counter septum are not yet seen
in the corallite lumen, although they may be already present in the thick external wall. Septal
loculi between the counter septum and the counter-lateral septa are the largest present.

The minor septa adjacent to the counter septum appeared in the corallite lumen within
a distance of less than 0.3 mm above the formerly described level of growth (fig. 75:3b). Their
appearance at the base of the counter septum, as well as their arrangement, may suggest an
increase by splitting of the latter. This has not been confirmed by any direct observations because
the septal furrows were destroyed by silicification. The minor septa mentioned elongate suc-
cessively, and the loculi between them and the counter septum widen, becoming eventually
the largest present.

The next minor septa appeared first and clearly in sequence in the counter quadrants
(fig. 75:3¢c, d). Those of the cardinal quadrants were inserted only after 1.2 and 1.6 mm
of further growth of the corallite, respectively (fig. 75:3¢, f). The increase in septa described
differs from that of the other lophotihiids in the irregular appearance of the minor septa.
In other representatives of Lophotichiidae they are inserted in regular sequence alternately
with major septa. Approximately 1.5—2.0 mm above the section illustrated on fig. 75:3f the
morphology of the corallite changes quickly from common for the whole family to characteristic
for the genus and species discussed (fig. 75:3g, h).

Individual variation. — External characters. Corallites are ceratoid, sometimes so narrow
as to be almost cylindrical, uppermost (pl. 33:7a, 11b), with their lower parts often more or
less curved (pl. 33:5, 7a, 10a, b, 11b). Attachment flattenings and processes are common, but
talons are not developed. Calices, 7—12 mm deep, occupy from 1/2 to 1/4 the length of the
corallites. Their marginal zones, formed of equally developed foundations of major and minor
septa (pl. 33:11a), pass gently downwards into the inner zone, and only the major septa are
seen in the calice lumen. The minor septa disappeared in this zone and reappeared only at the
calice floor, where their arrangement is identical with that in sections (pl. 33:4, 6, 7b, 8, 9).
Axial parts of the major septa may be slightly protruded above the calice floor (pl. 33:11a).
There is a large difference in depth of the calices between the loculi occupied by tabulae in
Positions T and II. On pl. 33:4, 6, 7b, 9, they are illustrated as wide and shallow versus very
narrow and deep (dark in the picture) parts of the calice floor, respectively.
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In very young calices, corresponding to the neanic stage with more equally spaced major
and minor septa (see description of the ontogeny of the holotype), the calice floor may also be
fairly differentiated in depth (pl. 33:10b, c), although this character is not always distinct
(pl. 33:8). Axial parts of both the young calices mentioned are slightly camouflaged by silica
infillings, and their primary morphology is not quite certain.

The n:d ratio, although dependent mainly on growth stage, differs also a little in the com-
parable sections (see table above). The morphology and especially the arrangement of septa,
is differentiated both in individual sections of a given corallite and between corallites (fig.
75:1a—=c, 2a, b, 3i—I1, 4a—d; pl. 30:15a, b, 16, 17, 18a, b). These irregularities are, in several
cases, caused by rejuvenation (e. g. fig. 75: 4a—d; pl. 30:15a, b, 18a, b) or by mechanical
(? epibiontic? or diagenetic ?) disturbances (fig. 75:2a, b) causing strong curvature of a corallite,
its rejuvenation, rearrangement of septa, and/or axial thickenings of the latter.

On a single section of one specimen (fig. 75:1b), the counter septum is distinctly shortened.
This inconstant a character might have been diagenetically caused. Both septal loculi in question
are filled in with coarse grained druzy calcite on this separate section.

Remarks. — The species discussed resembles most closely the type species of the subgenus,
at least as far as the transverse sections of the mature portions of the corallites are concerned.
Of these, the sections illustrated on pl.1: 9—11 of Wu and Znou (1982) are especially close
morphologically to the specimens here described. The main differences may be found in less
frequent sections of tabulae in Position 11 and in the closer connection of the minor septa with
bases of the oppositely situated major septa. The latter may in P. (P.) delicatum Wu and Znou,
1982 give the impression of being inserted from the major septa well above their bases (e. g.
Wu and Znou, 1982, pl. 1:9, 10 the cardinal septa and some major septa adjacent to the latter).
Also, the longitudinal section of P. (P.) delicatum Wu and Znou, 1982 (pl. 1:14) differs seemingly
very much from that of P. (P.) oppositum sp. n. This is caused by the position of the section run-
ning in its major part slightly peripherally and through the loculi in Position 1. The upper portion
of the same section shows several tabulae in Position 11, as well as their horizontal axial portions.
The greatly sagging tabulae in Position 1 of the type species differ from the almost horizontal
ones in P. (P.) oppositum sp. n.

The specimens illustrated by Wu and Zuou (1982) on pl. 3:1, and those of Guo (1980,
pl. 62:10a), with their long carinae, are more similar to P. (P.) multiplicatum sp. n.

Occurrence, — USNM 702d: 27, Hess Formation, Taylor Ranch member; 727u:1, Skinner
Ranch Formation, Decie Ranch member; 722h:2, 7221 :12, Skinner Ranch Formation, Sullivan
Peak member, Upper Wolfcampian.

Paraduplophyllum (Paszdwlophy//mn) multiplicatum sp. n.

(fig. 76; pls. 33:12, 40:1—3)

Holotype: Specimen USNM 197190, fig. 76:1a—m; pl. 40:2a—c.

Type locality: USNM 727u.

Type horizon: Skinner Ranch Formation, Decie Ranch member.

Derivation of the name: lat. multiplico — to muitiply — after seeming multiplication of septa.

Material. — Six silicified specimens without proximal ends and with very incomplete calices.
The preserved part of the calice of the holotype is filled in with matrix. Maximum n:d ratio
of the holotype 24:9.7x7.8.
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N:d ratio of representative corallites (in mm):

USNM .
cat. nos. N:d ratio Remarks
197190 24:9.7%x 7.8 middle of calice
» 23:8.6x7.9 lowermost part of calice
» 20:6.7< 6.2 just benecath calice
" 17:5.6x4.6 early ephebic stage
197192 20:7.1x 6.2 calice floor
197191 16:5.05.0 near calice floor,
» 7 16:4.9%x4.5 just beneath calice

Diagnosis. — P. (Paraduplophyllum) having n:d ratio at calice floor up to 24:8.8; major
septa often form peripheral carinae that imitate minor sepia; the latier long, contrafused or
contratingent.

Description of the holotype. — The spccimen is ceratoid, having disiir.ct septal [urrows on the
thick external wall. All the transverse sections made below the calice exhibit characters of ma-
turity and only a little morphological variation (fig. 76:1a-—c; pl. 40:2a, b). Slightly wavy
major septa, often thicker than minor septa, especially in iheir peripheral parts, come very close
to or meet metriophylloidally at the corallite axis without forming clear systems. Minor septa
are very long, conirafused and arranged in ihe manner typical for the subgenus. Differences
in widih of sepial loculi corresponding with positions 1 and 11 of tabulae are not always large,
however. Major septa often form additional septa-like carinac, which commonly start at the
exiernal wall, being contratingent to major septa. In some cases they are attached only to lateral
surfcces of the major septa. Both these structures are most frequent in the lowermost preserved
part of the coralliie (fig. 76:1a) and absent in ihe calice (fig. 76:1f). The section made at the
calice floor is situaied almost entirely above the last tabula. Only some peripheral-most parts
of the cardinal quadrants are subtabular (fig. 76:1f, lower). All major septa are radially arranged
and distinctly peripherally thickened. The cardinal septum is shortened. The couter septum does
not differ from other major septa. Its position is indicated by better developed minor septa.
Other minor septa in this section through the calice form only small knobs on the internal surface
of the external wall.

The longitudinal serial scction was made from a very short part of the corallite (fig. 76:
I g—m; pl. 40:2¢), but it shows a clearly biform tabularium as well as the long carinae described
above. Metriophylloid carinae are absent,

Individual variation. — The sectioned paratypes (fig. 76:2a—c; pl. 40:1a, b, 3a, b) vary
in the individual portions of their growth and between themselves. In the first case, there is
ofien a sequence of the morphotypes similar to those described for the holotype. The rejuvenating
specimen (pl. 40:3a, b) illustrates this best, having also the early ephebic stage (pl. 40:3a)
most similar to the type species of ithe subgenus and to P. (P.) oppositum sp. n. The arrangement
of septa in the mature portion of this specimen (pl. 40:3g) is camouflaged by numerous carinae.
A single paratype (fig. 76:2a—c; pl. 40:1a, b) differs from all other specimens in having a much
smaller number of septal carinae, an arrangement of septa closely resembling that of P. (Vacoea)
subgen. n. and the counter septum elongated near the calice floor (fig. 76:2¢). Minor septa
in that region are shortened in several loculi and may disappear.

Remarks. — The species discussed, having similarn: d ratio differs from P. (P.) oppositum
sp. n. and from most of the specimens of the type species in developing peripheral and elongated
carinae of major septa and in the less well differentiated widih of septal loculi corresponding
to Positions I and 11 of tabulae. As a consequence of the latter, the loculi adjacent to the counter
seplum are not distinctly wider than the other ones. The latter characters make it closer to P.
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Fig. 76.
Paraduplophyllum (Paraduplopliyllum) multiplicatum sp. n. 1. Specimen USNM 197190. Holotype. Locality USNM 727,
Skinner Ranch Formation, Decie Ranch member; a—e — transverse sections, early to late ephebic stage; f — calice;
g—m — successive longitudinal sections, made from corallite periphery to its axis. 2. Specimen USNM 197191, Locality
USNM 720e, Lower Skinner Ranch Formation. Transverse sections; a, b — ephebic stage; ¢ — near and above (middle
and upper left) calice floor. All, x8.

(P.) subdendroideum (Guo, 1982). The much larger number of peripheral carinae and a tendency
of some specimens to shorten the major septa a little are main differences that could have been
established so far except for the doubiful colonial growth form of the Chinese specimens. More
complete study on the latter may prove their prioriiy over P. (P.) multiplicatum sp. n. as
a senior synonym.
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Occurrence, — USNM 720e:1, Skinner Ranch Formation, base of Scacchinella beds;
707a:3, 727u:1 Skinner Ranch Formation, Decie Ranch member; 7221:1, Skinner Ranch
Formation, Sullivan Peak member. Upper Wolfcampian.

Subgenus P. (Vacoea) subgen. n.

Type species: P. (V.) tubaeformis sp. n.

Derivarion of the name: lat. vaco — to be empty — after morphology of calices.
Species assigned: P. (V.) amplexoides sp. n., P. (V.) tubacformis sp. n., P. (V.) vermiculare sp. n.

Diagnosis. — Paraduplophyllum having minor septa contratingent and reduced at maturity
in amplexoid species; cardinal septum equal to other major septa; counter septum may form
weak, simple columella in calices, not seen in sections; carinae absent.

Remarks. — Differences between the subgenus discussed and the nominative subgenus are
mentioned in remarks on the latter. The most important characteristics of the genera and sub-
genera, of Lophotichiidae WEYER, 1972 are shown on Table 1I. The following discussion is
thus focussed mainly on the intrageneric relationships of the genera and subgenera described
in this paper. The whole discussion is based on the fact, well documented in this paper, that
early ontogeny of all these taxa is indistinguishable up to the late neanic stage inclusively.
Vacoea subgen. n. is the only taxon in which this basic morphology may be retained up to the
mature portions of corallites. Thus, the subgenus may in theory be ancestral for the whole family.
Such a consideration is not supported by data actually existing (see remarks on the family).
On the contrary, its stratigraphic position and close morphological similarity to some species
of Lophotichium MOORE and JEFFORDS, 1945 and to Assimulia gen. n. indicate its closer relation
to these two genera rather than to the other ancient genera. There are several possibilities of the
occurrence of species within this genus and of their inter- and intra-generic relations. Some of
them are as follows:

a) Vacoea subgen. n. derived from an unknown representative of Lophotichium in the neanic
stage of the latter. Such a concept of paedomorphosis is supported by two facts: 1) Lophotichium
is the stratigraphically oldest known genus, 2) All modifications of the septal apparatus of
Vacoea subgen. n. are based on the neanic morphology, with the cardinal septum not shortened
and the counter septum not yet elongated. Trends of the development within Vacoea subgen. n.,
i. e. the tendency to form a columella — like counter septum in some species and to achieve
amplexoid morphology in the other ones may be interpreted as repetition or reminiscent of the
same tendencies observed within Lophotichium,

b) Although the occurrence of such a closely comparable pair of species as L. dugouterse
sp. n. and P. (V.) vermiculare sp. n. speaks strongly in favour of the concept discussed above
it is also theoretically possible to reach the vacoeoid morphology from taxa related to Duplo-
phyllum (7) sp. de GrooT, 1963. In this case, there will not be paedomorphosis, but a slow evolu-
tion leading towards development of a columella in some and an amplexoid morphology in
other species. First of those two ways of evolution has not been proven as yet, but the recent
study by RODRIQUEZ (1984) shows that the second one may be considered. Apart from the
incomplete knowledge of the Spanish taxa, the long time gap in the occurrence, and the uncertain
ways of communication between Spain and North America (FEDOROWSKI 1981), at least one
North American species described so far, i. e. P. (V.) amplexoides sp. n. may represent this
way of evolution i. e. may belong to Kabakovitchiella WEYER, 1972.

¢) Vacoea subgen. n. derived from a primitive representative of Assimulia gen. n., which in
turn was a paedomorphic descendent of Lophotichium. In the latter case, derivation took place
prior to achievement of the ability to shorten a cardinal septum but after the development
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of elongation of the counter septum. A. uddenitense sp. n. from the Gaptank Formation, Udde-
nites-bearing member, the stratigraphically oldest species described herein, with its laterally
smooth septa and well developed columella, may to some exient prove the possibility of this
way of evolution. Vacoeua subgen. n. would have developed from a taxon similar to A. uddenitense
sp. n. by reduciion of the columella. The slightly elongated counter septum observed in some
specimens and the weak columella present in P. (V.) tubaeformis lophotichioides subsp. n.
have to be considered as rudiments in this case. The morphology of the calice in A. uddenitense
sp. n. is unknown.

d) Vacoea subgen. n. is not a real genus, but a polyphyletic composition of species that
achieved a given morphological level by means of development or reduction of some structural
elements. Such species might have been derived from either of the three afore mentioned
genera (Duplophyllum (?) sp. de Groort, 1963 = gen. n., Lophotichium MOORE and JEFFORDS,
1945 or Assimulia gen. n.). Moreover, Vacoea subgen. n. can be considered ancestral for some
species of Lophotichium (e. g. L.dugoutense sp. n.) and of Assimulia (Ericina) (4. (E.) recrea
sp. n. and A. (E) fructa sp. n.).

Only a part of the possibilities listed above can be accepted as probable, i. e. those based
on similar morphology of the calices. The taxonomic value of this character may be treated
as either important if the genetic interpretation is employed, or secondary if this interpretation
is purely ecological and somatic. Of these two. the first one is accepted in this papcer. Such an
interpretation is based on two facts: 1) Specimens with funnel-shaped as well as wide and empty
calices were mixed together and thus were possibly influenced by similar extrinsic factors, 2)
Boundaries between them are fairly sharp, which would not have been the case if a stcp by siep
ecological change are accepted.

Considering the morphology of calices taxonomically important, a close relation of species
of Vacoea subgen. n. to A. (E.) fracta sp. n. is rather doubtful, while a relation to 4. (£.)
recrea sp. n. seems slightly more possible. The same is true for such a pair of species as P.
(V.) vermiculare sp. n., which might have been derived from L. dugoutense sp. n. or vice versa.

The above discussion does not solve the problem of the relation of genera and specics within
Lophotichiidae WEYER, 1972. The main reason for presenting it is to show at least some ways
of evolution leading towards individual taxa and the uncertainty of classification of such cxtra-
ordinarily plastic taxa. The systematic scheme applied is subjective, but the objective relations
within such a group are possible to reconstruct only when a study of the genetic mechanism is
applicable.

Puraduplophyllum (Vacoea) tubaeformis sp. n.

Holorype: Specimen tISNM, fig. 77:9a—c; pl. 34: 22a, b

Type locality: USNM 728f.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: lat. tuba, ae — trumpet -— after shape of deep calices and curved corallites.

Subspecies assigned: P. (V.) tubaeformis lophotichioides subsp. n.; P. (V.) tubaeformis reductun subsp. n.: P. (V)
tubaeformis tubaeformis subsp. n.,

Diagnosis. — P. (Vacoea) having n:d ratio at calice margins up to 24:12.0 and 26.10-0;
wide calices occupy approximately half the corallite length; minor septa may slightly penetrate
inner zone of calice; major septa in calices arranged zaphrentoidally, or centripetally. beneath
calices grouped in systems.

Remarks. — The species described has been divided into three subspecies, with the nominative
subspecies dominating greatly in number of specimens. The other two subspecies form small
accessory offshoots, showing differences larger than can subjeciively be accepted by the present

14 — Palaeontolngia Polonica 48
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author as interspecific. All subspecies are from the same localities and, judging from the very
well preserved skeletons, were not transported long distances. The problem of such satellite
subspecies, observed also within other genera and species, will be more widely discussed in the
general considerations of this monograph.

The morphology and trends of variation of the species discussed are most similar to those
observed in P. (V.) vermiculare sp. n. It differs from the latter in deeper calices and in the rclation
of this depth to the corallite length, inn:d ratio at the calice margins, well marked septal furrows,
and in higher elevation of the axial area of calices in some subspecies.

Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n.

(figs. 77, 78; pls. 34:4—22; 35; 36; 37:1, 2)

Holotype: Specimen USNM 197202, fig. 77:9a—c; pls. 34:22a, b.

Type locality: USNM 728f.

Type horizon: Lower Bone Spring Formation.

Derivation of the name: lat. tuba, ae — trumpet — after shape of corallites.

Material. — More than 170 silicified specimens, almost all with calices at least partly pre-
served. Many with nearly complete but deeply silicified proximal ends. N:d ratio (in mm)
for the populations is shown on the fig. 78.

Some features of representative corallites (in mm):

USNM Depth of

cat. nos. N:d ratio Length calice Remarks
197228 24:12.5x11.3 20.5 14.3 calice margin
197239 24:10.0x 9.0 17.0 8.2 " "
197227 23:10.8x10.0 ' 23.0 14.2 » -
197202 23: 9.3x 1.5 200 11.3 » "

" 13: 2.8x 2.7 just beneath calice
197234 22: 9.1x 91 16.0 9.1 calice margin
197237 22: 8.0x 8.0 17.0 5.8 » »
197194 22: 8.8x 6.7 incompl. incompl. near calice floor

" 22: 8.0x 8.0 calice floor

” 17: 5.6 x 5.3 just beneath calice
197199 20: 7.6x 7.4 14.0 8.3 calice margin
197231 20: 7.1x 7.1 7.5 6.2 calice margin
197233 20: 7.1x 7.0 15.5 10.0 - "
197220 19: 9.4x 7.7 15.5 11.0 " "
197241 19: 6.8x 5.8 12.0 5.0 " "
197221 18: 7.5%x 6.7 15.0 9.6 - -
197217 18: 6.5x 5.8 14.5 8.8 » »
197230 17: 6.0x 4.6 10.0 5.2 ” -
197225 16: 4.6x 4.0 10.0 5.8 » ,,
197216 15: 3.5%x 3.3 6.0 3.5 » '
197214 14: 34x 3.2 10.0 5.5 ” ,,

Fig. 77.

Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. 1. Specimen USNM 197194, Locality USNM 728¢, Lower
Bone Spring Formation. Transverse sections; a — ephebic stage; b — partly above, partly beneath calice floo1; ¢ — above
calice floor except for most peripheral portions of some septal loculi. 2. Specimen USNM 197195, Locality USNM 727u
Skinner Ranch Formation, Decie Ranch member. Transverse sections; a — ephebic stage; b — calice having axial and
periaxial rejuvenation., 3. Specimen USNM 197196. Locality USNM 728h, Lower Bone Spring Formation; a, b— successive
transverse sections made just beneath calice. 4. Specimen USNM 197197, Locality USNM 728f, Lower Bone Spring



Formation. a, b — transverse sections made just beneath calice but having late neanic morphology. 5. Specimen USNM
197198. Locality and horizon as above. Juvenile corallite; a, b — transverse sections, neanic stags. 6. Specimen USNM
197199, Locality and horizon as above. Transverse section made just beneath calice. 7. Specimen USNM 197200. Locality
USNM 7221, Skinner Ranch Formation, Sullivan Peak member. Transverse sections; a — early ephebic (?) stage; b —
section made just beneath calice floor. 8. Specimen USNM 197201. Locality and horizon as above. Transverse section made
just beneath calice floor. 9. Specimen USNM 197202, Holotype. Locality USNM 728f, Lower Bone Spring Formation
Transverse sections. a — neanic stage; b, ¢ — successive sections made just bencath calice floor. 10. Specimen USNM
197203. Locality and horizon as above. Juvenile corallite; a, b — transverse sections made just beneath calice foor.
11. Specimen USNM 197204, Locality and horizon as above. Transverse section, ephebic stage. All, % 8.
14+
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Fig. 78.
Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Septal index, n: d (in mm) at calice margins. Points corres-
ponding to extreme specimens are united by lines. Correlation line of n:d ratio (cl) is a mean line for individual classes.
Numbers on right side of the picture illustrate amount of specimens possessing given number of major septa.

Diagnosis. — P. (Vacoea) tubaeformis having n: d ratio at calice margin up to 24:12.0, most
commonly 18—20:6—8; major septa thin, most commonly meet in corallite axis, near calice
axis protruded; minor septa beneath calice long, contrafused.

Description of the holotype. — External characters (pl. 34:22a, b). More than half the length
of the specimen and all of its distinctly widened part is occupied by a calice. It looks empty
because of shallow foundations of septa passing gently into very short and narrow bladcs of
major septa (pl. 34:22b). Underdeveloped minor septa become visible only at the calice floor.
The latter is deeper at the counter side. A narrow axial elevation, moderately protruded, is
eccentric and located closer to the cardinal septum. Elevations of septa on the calice floor are
only slightly marked.

In sections made just beneath the calice floor (fig. 77:9¢) the slightly wavy major septa, united
at the corallite axis, are grouped in systems, with none of them dominating. Minor septa are
very irregularly developed. Some of them are as long as the major septa and some are short.
Being all contrafused, they may join the adjacent major septa at small or comparatively large
angles.

In the youngest known section (fig. 77:9a), all septa are thin and straight and arranged typi-
cally for the family and genus. All minor septa are short and contrafused. One of those neigh-
bouring the counter septum is not yet present in the corallite lumen,.
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Ontogeny. — Observations made on several tips of specimens broken at different growth
stages show full agreement with comparable growth stages of other species of this genus. Some
very young specimens found within the collection provide new data as observed in calices.
The youngest specimen, almost complete but coarsely silicified in part, is 2.2mm long and 1.9 x
1.6 mm wide at the calice margin. It is almost trochoid, with only a slightly curved apical region
(pl. 34:13b). The deep and wide calice (pl. 34:13b) occupies more than 2/3 of the corallite length
and bears on its margin approximately 14 shallow curves or concavities, i. e. foundations of
septa. The wall of the inner zone of the calice is almost smooth, with no protruding septal blades.
The true sclerosepta, probably 7 in number, are seen only at the calice floor. Their real number
is uncertain, because of an inadequate state of preservation. The cardinal and the counter septa
are united to form a distinct axial septum. The alar and counter-lateral septa join the axial
septum laterally. At least one metaseptum (or a minor septum adjacent to the counter-lateral
septum) is also present in the counter quadrant. A pair of minor septa might have been already
inserted near the counter septum, but this portion of the calice is coarsely silicified. Also, the
partly preserved apex, with 3 protosepta well seen and 3 (?) other covered with silica (pl. 34:
13a), shows two bodies neighbouring the counter septum. These bodies are most possibly the
foundations of the first minor septa. No other minor septa occur.

Young corallites at the growth stage slightly more advanced than that described above
demonstrate a considerable variability of the calice floor morphology. Closer examination and
comparison of several specimens suggest a kind of heterochronism in appearance of individual
structures when compared to the diameter of calices. It seems most probable that axial ends of
septa at the beginning of ontogeny are not, or very slightly exposed above the last tabula (pl.
34:5a, 10, 11, 15a). This stage of development is probably a period of short duration in most
specimens, because it is only sporadically represented within the collection studied. Young
corallites showing axial ends of septa protruded are much more abundant. The morphology
of this axial part of the calices varies. It may be slightly dominated by a single (counter or cardi-
nal) septum (pl. 34:9), by both of these septa (pl. 34:4b, 8a, 21a) forming an axial septum, or
by axial ends of several septa (pl. 34:6a, 14a, 16a). This protruded axial area is low in most
very young corallites. Rare specimens, however, have this area highly elevated in a very early
stage of development (pls. 34:8a, b, 14a, 16a, 2la; 36:3). An arrangement of septa in systems
is only seldom well seen at this early growth stage (e. g. pl. 34:11, 14a), but the biform tabularium
may be already well developed and clearly documented by differences in position of tabulae
within the triad and next to it (pl. 34:16a).

Rejuvenation. — This phenomenon is rare within the subspecies discussed. When it occurs,
a normal repetition of younger morphology is in most cases observed (pl. 36: 1d, 2a right, 7a).
The deeply laterally rejuvenated corallite (pl. 36:7a) shows a moderately elevated axial area
of the calice, with well developed cardinal septum retained from the old calice. The new counter
septum is elevated higher than the other major septa.

A single specimen (pl. 36:4a, b) shows a very rare kind of rejuvenescence, comparable only
to that described in Assimulia compacta n. sp. The specimen is deeply laterally rejuvenated,
leaving at first almost 2/3 of its old calice (pl. 36:4a right, 4b upper). In the course of the second
phase of rejuvenation, it left another half or so of the formerly rejuvenated calice. The latter
chanse is incomplete, however, and both calices remain united by a narrow, common part of
the margin. The skeleton (external wall) produced in this area is horizontal, with foundations
of septa developed similar to those in caliceshaving a wide and flattened shoulder. This “shoulder”
roofed a part of the left over calice. The inner marginal part of the “shoulder” shows a very
early stage of increase of new septa (pl. 36:4b) developed fairly irregularly, but always at the
side of the cardinal septum.

Septal bodies, located obliquely between some major septa of another rejuvenated corallite
(pl. 36:1a, d) form the next phenomenon worth mentioning. Those septal bodies, developed
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in the loculi occupied by minor septa of the older part of the calice (pl. 36:1a, upper), do not
replace minor septa. This is best documented by two left of them illustrated (pl. 36:1a). Their
function is uncertain, but it should not have been important, because of rarity of similar bodies.
They were traced for only two more times in the subspecies discussed (pls. 36:10a, 37:2a).

The replacement of the minor septa of the old calice by the major septa of the rejuvenated
one (pl. 36:1d, lower) is another phenomenon of the corallite-discussed, fairly rare in the collec-
tion studied. Unfortunately, the state of preservation of the corallite predicted any more detailed
study.

Individual variation. —- Spccimens assigned to the subspecies discussed differ widely in parti-
cular morphological characters, which in turn permit recognition of some distinct groups of
specimens. Individual groups are connected by specimens of intermediate morphology and
do not differ from each other in dimensions. In such a situation any formal taxonomic distinction
of these groups seems unsupported. Occurrence of main groups is commonly connected with
regions and/or stratigraphic levels, which may allow treatment of them at least as distinct
populations.

Almost all specimens derived from the Bone Spring Formation including the holotype, form
a single group essential for the species discussed in morphology and modes of variation. Speci-
mens of this group bear the following characteristics:

1. Well developed septal furrows (pls. 34:4a, 5b, 12, 13b, ¢, 14b, 16b—d, 18b, 19b, 22a;
35:1b, 3, 4a, 5a, 6b, 7a, b, 9b, 10b, c; 36:1b, b, 2b, 5b, 6b, 7b, 10b; 37:1b).

2. Very deep calices, occupying more than half the length of corallites and all widened parts
of them. The morphology beneath calices is simple, resembling juvenile corallites (fig. 77:1a,
4b, 5b, 10Db).

3. Short major septa in the inner parts of calices (pls. 34:5a, b, 8a, 10a, 144, 15a, 19a,
20, 21a; 35:1a, 2, 4b, 5b, 6a, 7c, 8, 10a; 36:3, 9; 37:1a). They elongate along the last tabula
to form systems.

4. Minor septa more or less well developed on calice margins, disappearing in their inner
parts and becoming long and contrafused along calice floors (sec calices mentioned above).

5. The cardinal septum located on the convex side of corallites and/or on the side of attach-
ment. A counter septum is indistinguishable in most cases observed (e. g. pls. 34:18a, 20;
35:5b, 7c, 8; 36:4a).

6. Axial areas of calice floors elevated. This important morphological character is
differently accentuated in two unequal groups of specimens. The greater majority of specimens
have axial ends of septa joined in more or less regular systems to form an axial structure, slightly
similar to that of some specics of Leonardopliyllum MOORE and JEFFORDs, 1945. The upraised
axial ends of contratingent minor septa are incorporated in the peripheral part of this structure.
In extreme specimens it may reach 1—2 mm in height (pls. 34:8a,b, 14a, 21a; 35:8, 10a; 36:3;
37:1a). These highly elevated structures are not present in very large corallites (e. g. pls. 35:1a,
4b, 5b; 36:1d), but they are fairly common in specimens of late neanic and early ephebic stage
(pls. 34:14a, 21a; 35:8; 36:3; 37:1a). Most of the specimens studied have the axial ends of
septa moderately elevated and systems of septa irregularly developed (pls. 34:20; 35:6a, 7;
36:7a, 10).

A small group of specimens from the Bone Spring Formation (¢. g. pls. 36:6a; 37:2a)
have flat calice floors, with major and minor septa elongated along the last tabula and only
slightly protruded. The arrangement of septa in systems is clearly seen and may be emphasized
by the presence of the distinct cardinal septum and cardinal fossula (pl. 36:6a).

The group mentioncd above leads toward the large group of specimens derived mainly
from USNM locality 7221 (Skinner Ranch Formation. Sullivan Peak member). The main dis-
tinguishing characters of specimens of this group are: fuirly long blades of major septa in inner
regions of calices, and calice floors flat with septal blades not protruded in their uxial parts.
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Several corallites of this group have slightly better developed counter septum (pls. 34:9; 36:8)
Some of them have distinct foundations of septa and minor septa developed down to half the
depth of the calice (pl. 34:17). A trend leading in the latter respect directly to the group essential
for the subspecies is much more common, however.

Remarks. — Differences between this and other subspecies of this species are discussed with
the latter. More general remarks are given in remarks on the species.

Occurrence. — AMNH 628:1, 631:1, 696:1; USNM 725¢:5, 728¢:5, 728f:80, 728h:30,
Lower Bone Spring Formation; 707b:7, 7221:33, Skinner Ranch Formation, Sullivan Peak
member; 705a:7, Skinner Ranch Formation, base of Scacchinella beds; 707a:3, 707 w:12,
727u:1, Skinner Ranch Formation, Decie Ranch member; 707ha:1, Skinner Ranch Formation,
Poplar Tank member; 732e:1, 7331:1, Skinner Ranch Formation, Dugout Mountain member,
Upper Wolfcampian.

Paraduplophyllum (Vacoea) tubaeformis reductum subsp. n.
(fig. 79:t, 2; pls. 37:10—20; 38:1—8; 41:1, 2)
Holotype: Specimen USNM 197247, fig. 78:2a—c; pl. 37:10a, b.
Type locality: USNM 728f.

Type horizon: Lower Bone Spring Formation.
Derivation of the name: at. reductus, a, um — distant, remote — after reduction of major septa in corallite axis.

Material. — 25 silicified specimens having at least fragments of calices preserved. Proximal
ends often complete.

Some features of representative corallites (in mm):

USNM . Depth of

cat. nos. N:d ratio Length calice Remarks
197246 23:10.9%x 9.3 incompl. 13.5 calicc margin
197254 23: 9.5x 9.1 ' 10.5 ' '
197260 23: 8.3x 7.0 ' ? calice floor
197251 22:10.7x10.4 20.5 12.2 calice margin

. 19: 6.8x 5.5 beneath calice
197261 22: 9.3% 82 17.0 L5 calice margin
197247 21:9.2x 8.4 17.0 9.5 » »

- 16: 5.7x 5.1 just beneath calice

- 16: 4.4x 4.0 slightly lower
197264 20: 9.1x 7.9 17.0 8.8 calice margin
197252 20: 8.3x 7.7 19.0 8.0 » »

. 17: 4.7x 4.5 beneath calice
197263 17: 6.0x 5.5 8.2 3.2 calice margin
197250 16: 4.9%x 4.7 9.8 5.2 »
197255 14: 43x 4.3 9.0 5.0 » »

Diagnosis. — P. (Vacoea) tubaeformis having maximum n:d ratio at calice margin 23:10.1;
major septa stop short of corallite axis; cardinal and counter septum not differentiated in length.

Description of the holotype. — External characters (pl. 37:10a, b). The specimen is widely
horn-shaped. The convex, cardinal side of its curved apical part is armed with distinct attachment
processes. The external surface, having very distinct septal furrows, bears also delicate growth
strine. The wide, empty calice occupies almost 2/3 of the corallite length. Its upper margin is
wavy due to the equally developed foundations of major and minor septa. Deeper in the calice,
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IFig. 79.
1, 2. Paraduplophyllum (Vacoea) rubaeformis reductunt subsp. n. |. Specimen USNM 197246. Locality USNM 728f,
Lower Bone Spring Formation; a, b — transverse sections, late neanic stage; ¢ — transverse section, ephebic stage; d —
transverse section, lower part of calice; e, f--- succcssive longitudinal sections. 2. Specimen USNM 197247, Holotype.
Locality and horizon as above. Transverse sections; a — neanic stage; b — ephebic stage; ¢ — ncar calice floor. 3—5.
Paraduplophyllum (Vacoeay tubueformis lophotichioides subsp. n, 3. Specimen USNM 197265, Holotype. Locality and
horizon as above. Transverse sections; a, b —- late neanic/early cphebic stage: ¢ — ephebic stage. 4. Specimen USNM
197267. Locality USNM 728h, Lower Bone Spring Formation. Trunsverse scction made partly above, partly beneath
calice floor. 5. Specimen USNM 197268, Locality USNM 728f, Lower Bone Spring Formation. Transverse sections;
a — late neanic stage; b — just beneath calice floor. All, x8.

the former transform gently into very short, narrow blades. extending for approximately 0.5
to 1.0 mm into the calice lumen. Minor septa disappear in the external wall. No intermediate
zone can be distinguished in the calice. The last major septa in quadrants are slightly shortened,
making the arrangement of septa zaphrentoidal. The latter is seen also at the calice floor,
where all major septa stop short of the corallite axis, leaving a small free axial area. The cardinal
septum is distinguishable due to a slighi shostening of the neighbouring major septa. The counter
septum does not differ in length from other major scpta. The uppermost transverse section (fig.
79:2¢) made in counter quadrants just above the last tabula. and in cardinal quadrants just below
it, shows all major septa distinctly shortened, leaving the free axial area much wider than that



UPPER PALAEOZOIC RUGOSE CORALS 217

in the calice. This is due to the amplexoid character of major septa. Minor septa below the calice
floor (fig. 79:2b) are often as long as the adjacent major septa and are commonly contrafused.
Their axial ends are protruded slightly higher than periaxial portions, giving the impression of
being attached to sections of the last tabula, when transversally sectioned (fig. 79:2c¢).

In the section spaced approximately 1 mm from the before described one (fig. 79:2b), the
major septa are already shortened from the corallite axis. The axial ends of those of the cardinal
quadrants are slightly inclined toward the cardinal septum. The latter does not differ in length
from the other major septa. The counter septum is slightly elongated. Minor septa, thinner
than the major ones, are contrafused or contratingent and long in most loculi, joining major
septa at their axial ends. The neanic stage (fig. 79:2a) does not differ in morphology from other
species of this group of corals and is not described in detail.

Longitudinal section (fig. 79:1¢, f). — As scen on the only sectioned paratype, the biform
tabularium consists of widely spaced tabulae. horizontal in Position T and inclined steeply
upwards axially in Position 1I. Axial parts of the tabulae are horizontal.

Individual variation. — Variation observed in calices is not large and concerns inclination
of their floors: zlmost horizontal in the holotype and most paratypes (e. g. pls. 37:14a, 15, 17,
18; 38:4a, 6a), obliquely inclined towards the cardinal septum in some corallites (pls. 37:12,
16; 38:1a, 2a), or irregular (pl. 38:7a). This character may in some specimens be camouflaged
by a very beginning stage of an axial rejuvenation (pl. 38:8a) that made a calice floor flat and
aseptal.

Several calices, especially those of the ontogenetically young corallites, have middle portions
of their floors protruded (pl. 37:18b, 19a). Cal’ce floors of other young corallites (e. g. pl. 37:20)
show two positions of tabulae distinctly marked. Also, in the mature corallites the latter character
may be observed (pl. 38:3a). Its occurrence is in both instances correlated with presence of long,
contrafused or contratingent minor septa.

Corallites of the subspecies discussed exhibit strong differences in ornamentation between
the tips and higher portions of their growth (e. g. pls. 37:13b, ¢, 18a; 38:7b, 8b). The boundary
between the septal furrows bearing part and the tip, ornamented only with growth striae, is
never sharp. Very delicate furrows, developed just beneath the ribbed portion, can be with
some probability traced (pls. 37:13b, c; 38:7b). The septal furrows are surely absent along
a few first milimeters of growth of corallites, although the major and the contrafused minor
septa are already present there.

The ontogenetically youngest paris of the corallite skeleton (pls. 37:13b, ¢; 38:7b) is distinctly
flattened in the cardinal-counter septa plan, and slightly broadened perpendicularly to that
plan. The cardinal side is most commonly attached to the substrate. All completely preserved
corallites have attachment flatenings and/or processes well developed (pls. 37:10b, 13b, ¢, 14D,
19:19b;38:1b, 3b, 4b, 6b, 8b). Rare of them (pl. 38:2b) have th osc structures especially
strong.

Length of the major septa differs in individual specimens, but they are commonly long in
lower part of calice, coming close to the corallite axis (e. g. pls. 37:14a, 15, 17; 38:1a, 2, 3a,
4a, 6a). Minor septa, not seen in calices or only very slightly marked in their middle zone,
are irregular in length in sections (fig. 79:1c¢; pl. 41:2) and sometimes free near calice floors.
In the ontogenetically younger sections they are all long and contrafused (fig. 79:12a, b, 2a;
pl. 41:1).

Remarks. — The subspecies described differs from the nominative subspecies in having
major septa almost equally shortened to form a more or less broad, free axial area. Some extreme
corallites of the nominative subspecies (e. g. pl. 36:4a, 6a, 9), having major septa only slightly
elevated above a calice floor and with axial areas of calices elevated, may be considered as inter-
mediate specimens, leading from the nominative subspecies to the one here discussed. An
absence of any kind of columellae or axial structure in any growth stage makes the distinction
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between this and the other two subspecies adequate. It should be mentioned, however, that
the counter septum may sometimes dominate (pl. 37:14a).

The amplexoid character of septa of the subspecies discussed brings it close to P. (V.)
amplexoides sp. n. Differences in n: d ratio, length of specimens to depth of calice ratio, and the
arrangement of the major and minor septa permit these taxa to be distinguished. Other spécies
are much less similar and will not be discussed.

Occurrence. — USNM locality 715v:1, Skinner Ranch Formation, Decie Ranch member;

721:1, Lower Hueco Formation; 728e:1, 728f:16, 728h:6, Lower Bone Spring Formation.
Upper Wolfcampian.

Paraduplophyllum (Vacoea) tubaeformis lophotichioides subsp. n.
(fig. 79:3—5; pls. 37:3—9; 38:5; 40:4)
Holorype: Specimen USNM 197265, fig. 79:3a—c; pl. 37:9a, b.
Type locality: USNM 728f.

Type horizon: Lower Bone Spring Formation, Upper Wolfcampian.
Derivation of the name: lophotichioides — after similarity to the genus Lophotichiunt Moore and JEFFORDS, 1945,

Material. — 13 silicified specimens having calices at least in part preserved. Apices often
broken apart.

Some features of representative corallites (in mm):

USNM . Depth of T
cat. nos. Nd ratio Length calice Remarks
197265 26:10.6 x 9.5 20.8 10.5 calice margin
» 20: 6.0x 4.5 beneath calice
197273 21: 9.6x 7.6 incompl. 11.0 calice margin
197268 18: 6.8% 6.0 9.7 4.2 . R
197267 18: 6.4x 5.2 incompl. 7.0 » »
197274 17: 6.7%x 5.1 10.7 5.0

Diagnosis. — P. (Vacoea) tubaeformis having maximum n:d ratio 26:10.7x9.3; major
septa in calice zaphrentoidally arranged; axial end of counter septum forms simple columella
in calice, which is absent beneath it; minor septa irregular.

Description of the holotype. — External characters (pl. 37:9a, b). The irregularly conical
specimen is deformed by a strong attachment flattening at the laterally-cardinal side. The partly
dissolved external surface bears distinct septal furrows. The deep calice is cupshaped, with the
marginal zone built of equally developed foundations of major and minor septa (pl. 37:9b).
The latter, seen along 2—3 mm of the upper part of the inner surface of the calice, became
quickly incorporated in the thickened external wall. The major septa are gently elongated down-
wards in the calice, but more distinctly so only in the lower part of its inner zone. Axial ends of
the major septa, except for the slightly shortened last pairs in quadrants, meet at the corallite
axis. The cardinal septum, slightly broken in its lower part, was possibly less elevated than other
fully developed major septa. It meets the corallite axis deeper in the cardinal fossula. The counter
septum forms a distinct, but flat, columella extending above the calice floor approximately
1.2 mm higher than the other major septa.

The morphology in the transverse section made just beneath the calice floor (fig. 79:3¢),
slightly deformed due to the attachment flattening, shows also significant differences in length
of minor septa, with the longest of them developed in counter quadrants. In some loculi, the
minor septa are absent. The major septa form four irregular systems joined together in cardinal
and counter quadrants. Neither the cardinal nor the counter septum dominates in length and
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thickness. The former is located ina narrow cardinal fossula and penetrates the corallite Jumen
deeper than the adjacent major septa.

On the lower side of the same section. spaced approximately 0.8 mm (fig. 79:3b), the major
septa are more regularly arranged and mostly met in the corallite axis. The minor septa arc rather
short and still differentiated in length. Only in the section made approximately 1.3 mm lower
down (fig. 79:3a) do they became more regular. The arrangement of the major septa of this
section does not differ from that described above. The neanic stage, typical for this species and
genus, does not need description in detail.

Individual variation. — In addition to differences in dimensions and n:d ratio listed above,
the morphology of calices is also individualized. Differences in length of the counter septa seem
to be of major importance. In most of the paratypes, these septa are protruded similarly or higher
than in the holotype (e. g. pl. 37:3b, 5, 6, 8a), but in some, a columella is indistinct (e. g. pl.
37:4a, 7). Cardinal septa, although less differentiated in length, vary slightly in individual spec-
imens. Shortening of the last pairs of major septa in systems (quadrants) is well accentuated
and can be traced down to the calice floor. Minor septa may be slightly marked in some loculi
of an inner zone of the calice (pl. 37:7), but in most cases observed, they are fully incorporated
in the external wall. In the marginal zone of calices and at their floors, these septa are easily
distinguishable. :

Variation in sections was studied on two paratypes only (fig. 79:4, 5a, b). Differences between
them in development of columellae mentioned above, do not influence their morphology beneath
the calices. In both of them, it is very similar to that of the holotype. The columellaec do not
occur and the counter septa are not longer than other major septa, except for those slightly
underdeveloped in systems (quadrants). The uppermost section of one specimen (pl. 40:4) made
just above the calice floor shows simple but distinct elongation of the counter septum.

Remarks., — The subspecies described differs from the nominative subspecies in having
the calice floors of corallites not elevated axially, but having axial ends of the counter septum
protruded in a form of columella. This character brings the subspecies discussed close to
Lophotichium dugoutense sp. n. Because several other morphological characters of these two
taxa are also similar, they might have becen considered conspecific. However, the similarity
described does not concern calice floors, 1. ¢. the areas of final formation of all skeletal elements.
The morphology of these parts in P. (Vacoea) tubaeformis lophotichioides subsp. n. and Lopho-
tichium dugoutense sp. n. investigated in sections made just beneath calice floors differs on the
level accepted herein as generic: the counter septum in no way dominates in the former taxon,
and other characters of it are most closely comparable to P. (V.) tubaeformis tubaeformis subsp. n.
Theoretical considerations as to synonymy, relation, or convergence of species exemplified
here by L. dugoutense sp. n. and P. (V.) tubaeformis lophotichioides subsp. n. ate outside these
brief remarks. This problem and similar phenomena are more thoroughly discussed in the general
part of the last volume of this monograph. It should only be stressed herein that a counter septum
in L. dugoutense sp. n. started to dominate early in ontogeny. This charactcr proves a decidedly
different gencric status of the taxa compared.

Occurrence. — USNM locality 728e:2, 728f:9, 728h:2, Lower Bone Spring Formation.
Upper Wolfcampian.

Paraduplophyllum (Vacoea) nealranchense sp. n.
(fig. 80; pls. 33:13--21; 34:1--3)

Holotype: Specimen USNM 197277, fig. 80:4; pl. 33:14a—c.
Type locality: USNM 701 k.

Type horizon: Neal Ranch Formation.

Derivation of the name: nealranchense — alter type horizon.
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Material. — More than 30 silicified specimens; majority with calices, many with proximal
ends preserved, although deeply silicified, sometimes amorphous.

Some features of representative specimens (in mm):

USNM Depth of

cat. nos. N: d ratio Length calice Remarks
197281 22:6.8 15.8 5.6 calice margin
197277 22:6.3 15.0 8.2 » »

,, 14:3.2 . just beneath calice
197279 21:6.4 11.4 6.7 calice margin

" 18:3.7 just beneath calice
197275 18:5.5 ~12.5 7.3 calice margin

” 16:3.6 just beneath calice
197280 16:5.5 incompl. 6.5 calice margin
197283 16:5.4 12.0 5.8 ” ”
197274 14:4.3 ~10.0 5.2 . N

' 13:2.7 just beneath calice
197284 14:3.9 i0.7 4.4 calice margin

Diagnosis. — Paraduplophyllum (Vacoea) having n:d ratio at calice margin up to 22:7.0;
calice occupy 1/2 or more of corallite length; major septa distinctly underdeveloped on calice
wall, meet axially at its floor; cardinal septum distinct; in maturity minor septa may be reduced;
septal furrows delicate.

Fig. 80.
Paraduplophyllum (Vacoea) nealranchense sp. n. 1. Specimen USNM 197274, Locality USNM 701 k, Neal Ranch Formation.
Transverse sections; a — neanic stage, x 15; b — ephebic stage, x 10. 2. Specimen USNM 197275, Locality and horizon
as above. Transverse sections; a — late neanic stage; b — ephebic stage. Both, x 10. 3. Specimen USNM 197276. Locality
USNM 701d, Neal Ranch Formation. Transverse sections; a — late neanicfearly ephebic stage; b — ephebic stage;
¢ — late ephebic stage. All, x 10. 4. Specimen USNM 197277. Holotype. Locality USNM 701k, Neal Ranch Formation.
Transverse section made just beneath calice floor, x10.

Description of the holotype. — The horn-shaped corallite (pl. 33:14¢) is flattened due to
a long-lasting attachment to the substrate. The cardinal septum is located in a corner of the
flattened portion. Septal furrows are delicate along most of the specimen surface and are absent
on its tip, where the growth striae are fairly well developed.
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The calice occupies more than half of the corallite length. Its interior is almost empty, because
of strong underdevelopment of major septa and absence of minor septa on its wall. Foundations
of septa of both cycles are well developed and slightly thickened inside the calice, which
make them distinct in spite of having shallow septal furrows (pl. 33:14b). The minor septa
are well developed at the calice floor, where the major septa are elongated so as to meet at
the calice axis (pl. 33:14a).

The morphology of the calice floor is repeated in the transverse section made just beneath
the calice, except for the less regular arrangement of major septa (fig. 80:4). Minor septa are
all contrafused or contratingent, but their lengths vary from almost equal to the major septa
to reaching only half their size. The counter-lateral minor septa are both long with one of them
being thicker than the counter septum itself, and reaching the corallite axis semi-independently.
The cardinal septum is long and distinct.

Individual variation.— Septal furrows in more than half the total number of corallites studied
are as shallow as in the holotype (pls. 33:16a; 34:1b). There are corallites, however (pls. 33:19a,
20a, 21; 34:2b) showing these furrows fairly well developed. Three corallites, all coming from the
locality USNM 727e show an almost smooth external surface (pl. 33:13). The same corallites
differ also from the holotype in shape, being narrow and almost cylindrical in their upper portions
and having comparatively shallow calices. Two of them (e. g. pl. 33:13) possess major septa
hardly seen on the calice wall, although elongated to a corallite axis on their floors. This extent
of underdevelopment of the major septa is characteristic for all better preserved young corallites
(e. g. pls. 33:17, 20b; 34:1a) independently of slight differences in the arrangement of major
septa and length of minor septa at their floors. A corallite slightly older ontogenetically than
those mentioned above (pls. 33:19b; 34:2a) may have major septa fairly well developed in the
calice. Such specimens may form trend leading toward the comparatively long-septal corallites.
They are not numerous in the collection, however (e. g. pl. 33:18).

Two corallites have the axial ends of their counter septa protruding a little higher than other
major septa (pls. 33:15; 34:2a). The axial portions of the calice floors of these and other corallites
are not clevated, however.

Two other corallites have the minor septa reduced. In the first of them, this might have been
caused by an incipient stage of rejuvenation. It has minor septa well developed up to this stage
of growth (fig. 80:1 a, b). The second specimen possesses minor septa partly (earlier) and comple-
tely (beneath the calice) reduced (fig. 80:3b, c). Also the shape of septa in the ontogenetically
youngest stage of this corallite differs from that in other specimens of the species discussed, being
similar to Assimulia n. gen. (fig. 80:3a). All those differences make the taxonomic position
of this corallite doubtful. Slight domination in the thickness of the cardinal septum, observed
in this corallite, can also be seen in some other specimens (fig. 80:2a, b) including the holotype
(pl. 33:14a). A trend of reduction of length of the major septa towards an amplexoid morphology
has not been observed.

Remarks. — The species described is most similar to the Upper Wolfcampian P. (V)
tubaeformis sp. n. and especially to the nominative subspecies of the latter. This mainly concerns
the relation of the depth of calices to the length of corallites and the morphology of younger
parts of corallites beneath the calices. Main differances between these two species are in n:d
ratio, with more numerous septa in P. (V.) nealranchense sp. n., in the much weaker development
of the major septa in inner parts of the calices and in the non-protruding calice floors in the
latter species. These differcnces are small and indicate a close relation between these two species.

The similarity of the species discussed to P. (V.) vermiculare sp. n. is less distinct because of
the different relation of the calice depth to corallite length, a tendency of the latter to form an
axial area free of septa and much smaller average dimensions and different n:d ratio.

Occurrence. — USNM 701:2, 701a%:2, 701d:2, 701k:24, 721g:1, 727¢:3, Neal Ranch
Formation. Lower Wolfcampian.
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Fig. 81.
Paraduplophylium (Vacoea) vermiculure sp. n. Corallites having calice floor flat. 1. Specimen USNM 197288. Locality
USNM 720¢, Skinner Ranch Formation, base of Scacchinella beds; a, b — transverse sections, early neanic stage, x 24,
¢ — transverse section, neanic stage, x 8; d—g — transverse sections, early to late ephebic stage, x 8: h — longitudinal
section, x 8. 2. Specimen USNM 197289. Holotype. Locality and horizon as above; a—c — transverse sections, early
to late ephebic stage; d — longitudinal section. All, x 8. 3. Specimen USNM 197290. Locality and horizon as above;
a, b — transverse sections, early to late ephebic stage, x 8. 4. Specimen USNM 197291, Locality USNM 707w, Skinner
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Paraduplophyllum (Vacoea) vermiculare sp. n.

(figs. 81—84; pls. 38:9—23; 40; 41:3—13; 43:1)

Holotype: Specimen USNM 197289, fig. 81: 2a—d; pl. 39:1a, b.

Type locality: USNM 720e.

Type horizon: Skinner Ranch Formation, base of Scacchinellu beds.
Derivation of the name: lat. vermis, is — worm — after shape of corallites.

Material. — More than 1200 silicified specimens. Calices, preserved in majority of specimens,
are often filled in with matrix. Deep silicification made internal structure of many specimens
hardly recognizable. N: d ratios are shown on fig. 84.

Some features of representative corallites (in mm):

USNM

- Depth of
cat. nos. N:d ratio Length calice Remarks
197321 16:5.6 incompl. 8.0 calice margin
197348 16:5.5 18.0 7.0 " »
197297 16:5.3 25.5 x~ 3.5 near calice margin

" 16:5.2 just beneath calice

" 16:4.5 early ephebic stage
197300 16:4.8 ~20.5 7.0 calice margin

» 14:4.0 just beneath calice
197341 15:5.0 15.0 8.0 calice margin
197289 15:4.5 x24.5 5.2 " "

N 15:3.9 just beneath calice

» 14:3.0 carly ephebic stage
197326 14:4.3 16.5 5.0 calicc margin
197338 14:4.2 25.0 4.5 » "

197288 14:3.7 ~23.0 4.8 " " _

" 14:3.7 just beneath calice
197319 14:4.5 24.0 3.8 calice margin
197335 13:4.5 10.0 4.5 s “

197331 13:4.4 14,0 3.0 " ”
197342 13:4.2 ) 28.0 5.5 , ”
197349 13:4.1 11.5 4.3

Diagnosis. — Paraduplophyllum (Vacoea) having n:d ratio at calice margin up to 20:6.2,
most commonly 14—16:3,0—4-5; major septa may leave small free axial area in ephebic stage;
calices shallow; minor septa long and contratingent and/or contrafused at calice floor and in
sections,

Description of the holotype. — The specimen is vermiform (pl. 39:1b), with delicate furrows
and growth striae. Its proximal end curved almost planispirally for approximately 180°, bears
attachment flattening and attachment processes on the lateral side of that curved part. The

— — - —— e 3 —— e s — ——

Ranch Formation, Decie Ranch member. Transverse sections; a — early ephebic stage; b — just beneath calice floor;
shallow axial rejuvenation. Both, x 8. 5. Specimen USNM 197292, Locality and horizon as above. Transverse sections;
a — early ephebic stage; b — morphological changes caused by beginning of rejuvenation, ¢ — peripheral rejuvenation.
All, x 8. 6. Specimen USNM 197293. Locality USNM 7381, Cibolo Formation, Breccia Zone. Transverse sections; a —
late neanic/early ephebic stage; b — axial rejuvenation showing neanic morphology ; ¢ — further growth of the same coralli-
te, morphologically comparable to fig. 6a; d—f — late ephebic growth of rejuvenated corallite. All, x 8. 7. Specimen USNM
197294. Locality USNM 707w, Skinner Ranch Formation, Decie Ranch member. Transverse sections; a — early neanic
stage, b — neanic stage; ¢, d — early and late ephebic stage. All, x 8. 8. Specimen USNM 197295. Locality USNM 720e,
Skinner Ranch Formation, base of Scacchinella beds. Transverse section, ephebic stage, x 8.
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Fig. 82.
Paraduplophyllum (Vacoea) vermiculare sp. n. Corallites having calice floor differentiated in hight. I. Specimen USNM
197296. Locality USNM 738r, Cibolo Formation, Breccia Zone. Transverse sections of coraliite extremely variable in
development of minor septa and counter septum; a—g — early to late ephebic stage, x 8. 2. Specimen USNM 197297,
Locality and horizon as above. Transverse sections; a — late neanic stage; b—d — ephebic stage. All, x 8. 3. Specimen
USNM 197298. Locality USNM 707w, Skinner Ranch Formation, Decie Ranch member. Transverse sections ; a — ephebic
stage; b — very deep, laterally-axial rejuvenation. Both, x 8. 4, Specimen USNM 197299. Locality USNM 738r, Cibolo
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epibiontic cladochonid coral (pl. 39:1b) indicatcs the living position of the holotype. The
calice (pl. 39:1a) is 6 mm deep and occupies slightly less than a quarter of the specimen’s length.
" Tt consists of rather a narrow peripheral zone with foundations of major and minor septa equally
developed and of an inner zone having minor septa hardly seen or completely embedded in the
thickened external wall. Major septa only slightly extend inward from the calice wall. The picture
(pl. 39:1a) exaggerates this character by overstressing lower parts of the major septa. They
elongate rapidly near calice floor, tending to meet each other in the calice axis. Axial parts of
all septa at the calice floor are protruded higher than their peripheral parts, which made this
region slightly elevated. This have resulted from the shape of tabulae, which highly elevated
axially, and not from the exposition of the septal blades themselves. The cardinal septum, located
in the cardinal tabular fossula, is slightly less, and the counter septum slightly more elevated
than other major septa (pl. 39:1a). Minor septa, long and contrafused or contratingent at the
calice floor. are laterally connected with the lateral sides of the major septa by horizontal
tabulac in Position T of SUTHERLAND (1965) to form elevations contrasting well with steeply
peripherally dipping neighbouring loculi, occupied by tabulae in Position 11. The topmost
parts of the latter form the elevated axial area of the calice.

The morphology in longitudinal section (fig. 81:2d) confirms observations made in the calice.
The horizontal tabulae secn on the left side of the picture are the tabulae in Position |. Those
in Position I are less well scen. Only a few of them are exposed at the right side of the picture.
Sections of the paratypes described below, show this character more clearly.

On the upper surface of the transverse section made just beneath the calice (fig. 81:2¢),
the major septa withdraw slightly from the corallite axis, remaining long and mostly in contact,
however. The minor septa are slightly thinner, but often almost as long as the major septa.
The lower surface of the same section (fig. 81 :2b) spaced slightly less than I mm from the formerly
described one, shows all major septa long, rather thin, grouped in systems which join near the
corallite axis, with the cardinal and counter septa directly united. The late neanic or early
ephebic stage (fig. 81:2a) shows a direct connection of the cardinal and counter septa with very
distinct alar pseudofossulae. This character is developed much better herc than in most of the
paratypes investigated. The arrangement of septa in the juvenile part of the specimen is typical
for the family and has not been investigated in more detail.

Individual variation. — External characters. The shape of the corallites, although ndtura]]y
variable due to extrinsic factors, remains a function of very slow but permanent increase in
diameter. This resulted in their slender, often vermiform shape (pls. 38:9, 10b, 11b, 12, 15b,16b,
18b, 19, 21,23;39:2,3b,4b,7,12b,13a, 14b, 16, 18b, 20b, 25b). All better preserved specimens
bear delicate growth striae and shallow, but distinct, septal furrows. Apexes are almost smooth.
Only the latter parts of corallitcs bear mostly small and delicate attachment processes. Talons

L —

Formation, Breccia Zone; a, b — successive longitudinal sections; deep axial rejuvenation in upper portion of growth,
x 4. 5. Specimen USNM 197300. Locality USNM 707w, Skinner Ranch Formation, Decie Ranch member. Transverse
sections; a — deep axial rejuvenation having early neanic morphology; b — neanic morphology ; ¢ — ephebic morphology.
All, x 8. 6. Specimen USNM 197301. Locality USNM 720¢, Skinner Ranch Formation, base of Scacchinella beds; a, b —
transverse sections, early cphebic and ephebic stage, x 8. 7. Specimen USNM 197302. Locality USNM 707w, Skinner
Ranch Formation, Decie Ranch member. Transverse section of a few subsequent axial and lateral rejuvenations, x 8.
8. Specimen USNM 197303, Locality and horizon as above. Transverse sections; changes in morphology caused by early
stage ol rejuvenation, % 8.9, Specimen USNM 197304. Locality and horizon as above. Transverse section. Two subsequent
rejuvenations; the second having early neanic morphology, x 8. 10. Specimen USNM 197305. Locality USNM 720e,
Skinner Ranch Formation, base of Scacchinella beds. Transverse section, ephebic stage; septa wavy and major septa bent
in axial portions, x 8. 11. Specimen USNM 197306. Locality USNM 738r, Cibolo Formation, Breccia Zone. Transverse
section made just beneath calice Aloor but having late neanic morphology, x 8. 12. Specimen USNM 197307. Locality
USNM 720e, Skinner Ranch Formation, base of Scacchinella beds. Transverse section made just beneath calice floor,
but having early ephebic morphology, x 8. 13. Specimen USNM 197308, Locality USNM 707w, Skinner Ranch Formation,
Decie Ranch member. Transverse section made just beneath calice floor, but having late neanic morphology, x8.

15 — Palaeontiologia Polonica 48
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Fig. 83.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimens USNM having calice floor flat. 1. Specimen USNM 197309,
Locality USNM 738r, Cibolo Formation, Breccia Zone. Transverse sections; a—- neanic stage; b,c—ephebic stage. All.
x 8. 2. Specimen USNM 197310. Locality and horizon as above: a, b — Lransverse sections, ephebic stage; short septal
specimen, x 8. 3. Specimen USNM 197311. Locality USNM 707w, Skinner Ranch Formation, Decie Ranch member,
Transverse sections; a—c — carly to late neanic stage; d — just beneath calice floor, but retaining neanic morphology.
All, x 8. 4. Specimen USNM 197312. Locality USNM 720e, Skinner Ranch Formation, base of Scacchinella beds. Trans-
verse section made just beneath calice floor, x 8. 5. Specimen USNM 197313, Locality USNM 707w, Skinner Ranch
Formation, Decie Ranch member. Transverse scctions; a — neanic stage; b, ¢ — deep axial rejuvenation having ncanic
morphology; d — ephebic stage. All, x 8. 6. Specimen USNM 197314. Locality USNM 702d, Hess Formation, Taylor
Ranch member. Transverse section of lateral rejuvenation having mature morphology, x 8. 7. Specimen USNM 197315,
Locality USNM 707w, Skinner Ranch Formation, Decie Ranch member. Transverse sections; a — axial rejuvenation
having late neanic morphology; b — ephebic stage. Both, x 8. 8. Specimen USNM 197316. Locality USNM 72d, Hess
Formation, Taylor Ranch member; a, b — successive longitudinal sections; biform arrangement of peripheral parts of
tabulae (left) and deep axial rejuvenation (middle), x 4. 9. Specimen USNM 197317. Locality USNM 738r, Cibolo Form-
ation, Breccia Zone. Transverse sections; a—c — very early to early neanic stage, x24.

or strong attachment processes or attachment surfaces are very rare (e. g. pls. 38:16b. 22b,
23b; 39:12b, 23b). Many specimens have proximal ends strongly curved (e. g pls. 38:11b,
12, 21, 22b; 39:25b) and some are even coiled (pl. 38:13). Atiachment processes and surfaces
of coiled specimens, if present, are never developed inside the ring, but always on its lateral
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Paraduplophyllum (Vacoea) vermiculare sp. n. N:d ratio of three groups of specimens derived from particular localities

A—C) and of the whole species (D). Points corresponding to extreme specimens are united by lines. Numbers in individual

classes of frequency diagram correspond to amount of corallites measured in given classes. A — locality USNM 738r

(Cibolo Formation, Breccia Zone), B — locality USNM 707w (Skinner Ranch Formation, Decie Ranch member), 3 —

locality USNM 720¢ (Skinner Ranch Formation, base of Scacchinella beds), D — data for the whole species, collected
frem most of localities.

or lower side, which suggests that they hung from or coiled around vertically oriented objects.
Some corallites may rapidly change direction of their growth (pl. 39:16).

Calices are 4.5—8.0 mm deep, occupying a third to a fifth, very seldom up to an cigth of the
corallite length. Their marginal zones show very liitle variation, being slightly wider or narrower,
but always of the kind described lor the holotype (e. g. pls. 37:10a. 14, 22a; 39:5, 12a, 14a,

157
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261b). Variability of the inner zones is larger. Major septa, always short, may protrude a little
more (pls. 38:14, 18a, 23a; 39:5, 9a, 17, 27) or a little less (pls. 38:104a, 15a, 19a; 39:4a, 23a,
26b) from external walls. Length of the minor septa varics more distincily. The greater majority
of specimens have these septa very short, sometimes hardly recognizable and, similar to the
holotype, rapidly elongated near calice floors. They form pairs with mcjor septa there, being
both, contrafused and connected to them by the tabulae in Position I. This and deep peripheral
depressions of the tabulae in Position II may give the impression of a great thickness of septa of
a single cycle (pls. 38:17, 20; 39:6, 8a, 10a, 11, 23a, 28). In a large number of specimens, reduc-
tion of length of minor septa along internal walls of calices is so advanced as to make loculi
between adjacent major septa smooth (pls. 38:10a, 11a, 22a; 39:3a, 5, 9a, 14a, 23a). This
character does not depend on the structure of the calice floors. Specimens of the opposite extreme,
i. e. with well distinguishable minor septa on the walls, are not common. This character appears
mainly in specimens having comparatively long major septa, which made them similar to. Assi-
mulia gen. n. (pls. 38:14, 17, 18a, 23a; 39:25a). In rare specimens (pl. 39:22) an unique increase
in minor septa occurs in the calice. The marginal zone of equally developed major and minor
septa, passes down into regular major septa of the inner zone of the calice. Minor septa there
became contratingent to the adjacent major septa, while deeper in the calice, and with no connec-
tion with the formerly mentioned minor septa, other septal structures appear between major
septa (pl. 39.22).

Variability in development of septa at calice floors and, conscquently, the morphology of
the latter, is the largest and most controversial. 1t will be discussed in more detail in the general
part of the last volume of this monograph, together with other aspects of the growth of rugose
coral skeletons. In the following discussion only facis without interpretations are presenied.

Two groups can be distinguished: one with major and minor septa exposed above the last
tabula in a calice versus the specimens having this tabula almost smooth. The second group,
being in greater minority, contains only a few specimens with really broad and flat last tabula
(e. g. pls. 38:10a, 15a, 16a; 39:4a, 5). The other ones tend towards the spccimens of the first
group (pl. 38:11a, 14, 19a, 22a, 23a). The holotype (pl. 39:1a) has been chosen among such
intermediate corallites. Rare specimens of this group have counter septum protruding slightly
above a calice floor (e. g. pl. 39:24a).

Corallites having differentiated calice floors can be grouped as follows: specimens having
exposition of septa more or less equal (pls. 38:18a; 39:6, 10a, 21, 26b), specimens with axial
parts of major septa forming a kind of knob (pl. 39:14a, 20a, 23a, 25a), and specimens having
either the counter septum itself or a plate in the cardinal/counter septa plan more exposed than ihe
other major septa (pls.38:17,20;39:9a, 15a, 18a, 244, 28). In most cases observed, the mentioned
plate is directly connected with the counter septum, leading this group of specimens towards
Lophotichium Moore and Jeffords, 1945. In some corallites, however, both the cardinal and
the counter septum participate equally in formation of that plate. In rare instances (pl. 39:17a),
major septa form not a knob, but a depression at the calice axis, being united deeper in the calice
but having their periaxial ends free and exposed high above the last labula and the point of
junction.

The cardinal septum and the cardinal fossula are the next variable characters of taxonomical
value. Both these features are often recognizable, but seldom conspicuous. This again has no
direct connection with the morphology of the calice floors. The cardinal septum in deeper parts
of calices is, in most cases, less exposed than other major septa, but it is not shortened, reaching
the corallite axis along the cardinal fossula floor (pls. 38:11a, 17; 39:6, 18a). It may extend as
high as other major septa, however (pl. 39:14a, 21, 24a, 25a, 26b, 27) or become recognizable
only due to the arrangement and position of other major septa and, first of all, the minor septa.
Development and shape of the cardinal fossula depend on the variable arrangement of the major
septa, exposition of the cardinal septum, and length of adjacent major and minor septa. All
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of these made it very variable and not always recognizable. The alar pseudofossulae, often fairly
well seen in transverse sections of immature portions of specimens, are hardly or not at all
seen in their calices.

The variability of transverse sections of mature parts of the corallites is fairly large, but only
two groups of variants arc of greater importance: specimens with straight versus vavy septa
and specimens with septa united at the corallite axis versus slightly shortened. Specimens with
strongly wavy septa are in the great minority within the collection studied. They are always
small and thick-walled, with septa comparatively thick and permanently met at corallite axes.
Snccimens with flat (fig. 81:3a, b; pl. 40:9) and diversified (fig. 82:10; pl. 41:5) calice floors
do not differ morphologically in sections made just beneath calices. This group of specimens
tends strongly towards Assimulia (Ericina) flexibilis sp. n. The morphology of the calices is
in fact the only criterion of distinction between them. On the other hand intermediate specimens
between thesc and the typically built corallites are present (fig. 82:3a, 6b, 8; pls. 41:4, 11, 16;
42: 6. 12).

Differences in morphology of specimens having straight septa are larger independently of
the morphology of the calice floors. Among several trends observed the following seem most
important: _

1. Specimens having well developed cardinal fossula and sometimes also alar pseudofossulae.
Septa may permanently be in contact at corallite axes (fig. 82:11—13) or slightly shortened
(fig. 81:1e, f, 6d—f; pl. 40:8a, b, 13). This morphology, as well as other discussed, may
change in the course of corallite growth.

2. Specimens with major and minor septa long, thin, permanently in contact, with the main
protosepta hardly distinguishable (fig. 83:3a—d; pl. 40:15).

3. This group, the largest group within the collection, contains specimens having septa
arranged irregularly, either in contact at corallite axes (figs. 81:5a—c; 82:6a, b; 83:5a—d;
pl. 40:10, 11, 14) or irregularly withdrawn from them (figs. 81:7a—d; 82:2a—d; 83:6; pl.
40:16). Such a shortening of septa may be permanent or temporary, long- and short-lasting.
In some specimens septa are united and elevated in a calice, although they have been shortened
in younger growth stages. Quite a few specimens of this group retain their juvenile arrangement
and shape of septa up to a comparatively wide diameter.

Variants in development of alar pseudofossulae are independent of the afore designated
groups of specimens. In some corallites, they could be very distinct in some stages of growth,
while in the others, they are hardly distinguishable (see figures and plates mentioned above).
Sometimes only a single alar pseudofossula is devcloped (e. g. fig. 81:4a; 82:5b; pl. 41:6).
It pays the role of the false cardinal fossula.

A single specimen (fig. 82:1a—g; pl. 41:7a—c) shows an extraordinarily variable ontogeny.
lis septal apparatus became irregularly arranged in early ephebic stage tending towards reduction
of length of septa (fig. 82:1b) and then to a total reduction of minor septa in the corallite lumen
(fig. 82:1c). This stage of growth is soon replaced by a regular morphology (fig. 82:1d, e),
tending again towards irregularity in arrangement and slight reduction of length of septa below
the calice (fig. 82:1f, g). No reasonable explanation for the events described is available. They
rather should not be interpreted as genetic, and the specimen was left within the species discussed.

Longitudinal section. — Observations made on several specimens (e. g. figs. 81:1h, 2d;
82:4a, b; 83:8a, b; pls. 40:7; 41:13a, b), although variable in details show the same main
characters as the holotype. Tabulae in Position I are either horizontal or directed slightly down-
ward axially. Those in Position 11 are inclined steeply upward in peripheral parts and oblique
or horizontal, sometimes trapezoidal at corallite axes. This picture is especially clear in the short-
septal specimens (e. g. fig. 83:8a, b).

Ontogeny. — Specimens in an aseptal stage of development are not present in the collection
studied. The ontogenciically youngest transverse section investigated (fig. 83:9a), 0.2x0.4 mm
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in diameter, have the initial septal apparatus already developed. It can be hypothesized,
however, that the post-larval calices were aseptal. Insertion of septa in the calices must have
preceded the appearance of the first tabula. The only way to retain traces of existance of an
aseptal morphology would have been an opposite sequence of appearance of basal and radial
structural elements. This has, for instance, been observed by RozkowskaA (1956) in the Middle
Devonian genus Protomacgeea ROZKOWSKA, 1956.

An increase in septa in P. (V.) vermiculare sp. n. is a function of increase in corallite diameter
and is very slow. Long and narrow specimens (pl. 39:11, 28) illustrate this well. Comparison
of polished surfaces of their apices with calices documents an increase in septa in sequcnce.
The first metasepta may be inserted either in the counter or in the cardinal quadrants. Insertion
of the minor septa is not quite clear. This concerns first of all the counter-lateral minor septa.
They look like being inserted prior to the appearancc of first lateral protosepta in some specimens
and after appearance of all protosepta in the others. This problem will be studied in more detail
separately, if a less silicified material is found. The present results (figs. 81:1a, b; 83:9a—c)
are not convincing.

Rejuvenation. — The following variants have been recognized: 1) A very shallow, peripheral
rejuvenation (figs. 81:5a—c; 82:8; pls. 40:10; 41:12). Only small fragments of the old external
wall are left behind newly built skeletons. Fragments of a new wall look like dissepiments. Some
septa. mainly minor, may be reduced. Some other, new or reconstructed, may appear. All these
processes made sections of this variant very distinct from the standard morphology. In contrast
to this, the morphology of the inner parts of calices change very little (e. g. pl. 38:15a, 22a).

2) A deep axially-lateral rejuvenation (fig. 82:7, 9; pl. 41:8, 10). Axial parts of some old
septa are incorporated in the skeleton of the new calice, but most of them are left behind.
New septa are inserted at the new external wall. In the periaxial longitudinal section (fig. 82:4b),
this process can give the impression of a total discontinuity of lower and upper parts of a skeleton.

3) A deep lateral rejuvenation (fig. 83:6; pl. 41:9) leads to total incorporation of onc part
of an old calice into the new one and a total separation from the rest of it.

4) An axial rcjuvenation (figs. 82:5a-—c; 83:5b, ¢, 7a) leads towards complete separation
of a new calice from an old one. This process, similar to other variants discussed, might have
appeared onc time only and lead to survival of the coral (polyp). It might also have been repeated
several times (fig. 81:6b). Such a scries of rejuvenations is often unsuccessful. Also a deep and
single rejuvenation (fig. 82:3a, b; pl. 41:11) might not have resulted in survival of a specimen.
The morphology of the latter variant differs greatly from the standard one. An aseptal early
stage of axial rejuvenation (fig. 81:4b; pl. 41:4) has only been observed once. It gave a weak,
small new calice, restricted to the floor part of the old one.

Remarks. — The species discussed is a key-taxon for understanding of the whole group of
related or morphologically similar genera and species, and for some more general considerations
as well. It comes close to P. (P.) oppositum sp.n. and P. (V.) tubaeformis sp. n. It is distinguishable
from the former by the different arrangement of major and minor septa and the morphology
of the tabularium. From the latter. more closely related species, it differs by having much smaller
dimensions, different n: d-ratio, and shallower calices.

Occurrence, — Locality USNM 724p:172, 724q:1, Skinner Ranch Formation, undivided;
712p:26, basc of Skinner Ranch Formation;714p:1,716t:19, 720f:1, 720g:1, Lower Skinner
Ranch Formation; 707a:165, 707w:295, 715v:l, Skinner Ranch Formation, Decie Ranch
member; 705a:17, 720¢:295, Skinner Ranch Formation, base of Scacchinellu beds; 707h:3,
Skinner Ranch Formation, Poplar Tank member; 707d:2, 7221:4, 733j:1, Skinner Ranch
Formation, Sullivan Peak member; 702d:4, 702¢:4, Hess Formation, Taylor Ranch member;
7381:284, Cibolo Formation, Breccia Zone; 728e:1, 728f:3, 728h:1, Lower Bone Spring
Formation. Upper Wolfcampian.
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Paraduplophyllum (Vacoea) amplexoides sp. n.

Holotype: Specimen USNM 197358, fig. 85:2a—i; pl. 43:2a—c.

Type localiry: USNM 720e.

Type horizon: Skinner Ranch Formation, base of Scucchinella beds.

Derivation of the name: amplexoides — after amplexoid mature stage.

Subspecies assigned: P. (V.) amplexoides amplexoides subsp. n., P. (V.) amplexvides longiseptatum subsp. n.

Diagnosis. — Paraduplophyllum (Vacoea) having n: d ratio at calice floor up to 20:7.5;
major sepla in ephebic stage almost equally shortened, with cardinal and counter septa tending
to elongation; minor septa either reduced or well developed, contrafused only in early ontogeny.

Remarks. — All specimens assigned to this species can easily be divided into two groups
on the basis of length of minor septa in the ephebic stage. This is the main criterion for the sub-
species distinction. A slightly different n: d ratio, with small specimens dominating in P. (V.)
amplexoides longiseptatum subsp. n., is the next difference.

The laiter subspecies is fairly close to the short-septal variants of P. (V.) vermiculare sp. n.
and can possibly be derived from them. For three reasons, P. (V.) amplexoides sp. n. has
been distinguished as an independent species: 1) The amplexoid character appears early in
phylogeny of the discussed group of specimens, reaching a high level of development almost
immediately (P. (V.) amplexoides amplexoides subsp. n.). This can be interpreted as an early,
independent offspring from the main stock. 2) The short-septal specimens of P. (V.) vermiculare
sp. n. never reach a distinct level of reduction of length of major septa, which always come fairly
close to the corallite axis. In the course of growth of individual specimens, the more amplexoid
stage is often replaced by long-septal one showing inconstance and fortuity of this character.
3) The nominative subspecies shows distinct and early reduction of minor septa. This is much
less well developed in P. (V.) amplexoides longiseptatum subsp. n., but also the latter subspecies
has most of the minor septa free and not contratingent in maturity.

The nominative subspecies shows also a great homeomorphic similarity to some specimens
of Lophotichium simulatum sp. n. Such ampleximorph specimens of the latter species can be
distinguished from P. (V.) amplexoides sp. n. mainly on the early ephebic stage, which has
normally developed, dominating counter septum and long minor septa.

Occurrence. — As for the subspecies.

Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n.

(fig. 85; pls. 41:14, 15; 42:1-—3; 43:2—11)

Holotype, type lacality, type horizon and derivation of the name: as for the species.

Material. — More than 70 differently preserved specimens; all silicified, some deeply and
coarsely so. Several specimens with almost complete calices and/or proximal ends.

Some features of representative specimens (in mm):

USNM

) Depth of
cat. nos. N:d ratio Length calice Remarks
197370 23:8.2xR.2 18.5 rejuven, calice margin
197364 21:9.5x8.3 incompl. 29.0 just beneath calice
197357 20:9.0x 7.4 40.5 ? calice margin
20:8.9x7.2 bencath calice
19:7.0x 6.8 early ephebic stage

197367 19:7.8x6.5 22.5 6.0 calice margin
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197358 19.6.2x06.2 255 ~ 3.7 near calice margin
" 19:5.8x 5.5 Just beneath calice
" 16:5.0%x5.0 late neanic stage
197362 18:6.3%x6.1 incompl. 5.6 calice margin
“ 18:5.2%x4.8 just beneath calice
» 17:4.4x4.0 carly cphebic stage
197373 18:6.0x 5.6 mcompl. incompl. calice Roor
197372 17:6.1x5.0 » " calice floor
197366 17:5.7x5.5 . 4.7 calice margin
197365 16:5.5%x 5.5 » ? middle of calicc

Diagnosis. — Paraduplophyllum (Vacoea) umplexoides having minor septa very short, often
completely reduced in ephebic stage.

Description of the holotype. — The specimen is horn-shaped (pl. 43:2¢), and internally
silicified in part, with incomplete calice and proximal end. The inner zone of the calice bears
very short major septa, that became equally elongated along the calice floor, reaching up to
half the corallite radius. None of these septa can be distinguished by its length. The cardinal
tabular fossula is probably absent or very shallow, when present. Location of the cardinal and
counter septa is deduced from the arrangement of the last tabula in Position 1. Minor septa
are completely reduced. The flat axial area that occupies approximately half the calice diameter
dips gently toward the concave side of the corallite.

The section made beneath the calice floor (fig. 85:2f) is typically amplexoid, with major
septa arranged radially, equally thick, and shortened. Minor septa are completely reduced in
almost all loculi. As in the calice (pl. 43:2a, b) the cardinal and the counter septum are indicated
only by the tabula in Position 1.

Sections made 4.5 and 3.0 lower down respectively (fig. 85:2d, e) show a different morphology,
considered herein as late neanic or early ephebic. All major septa are long, reaching or almost
reaching the corallite axis, but not being united there. The cardinal and the counter septum are
as long as the other major septa. Minor septa vary considerably in length and arc almost
reduced in some loculi. Those neighbouring the counter septum do not differ from the other ones.

The early ontogeny (fig. 85:2a—c) is disturbed by a shallow lateral rejuvenation and by
a coarse silicification at the tip. It does not differ from that typical for the genus, however. All
septa are thin, with minor septa long and contrafused and/or contratingent.

Rejuvenation. — In carly ontogeny, the holotype underwent a shallow rejuvenation (fig.
85:2b, ¢). The general rule in this process is to retain the major septa and to increase ncw minor
septa on the new wall that is built between the former ones. In some loculi (fig. 85:2b, ¢, right
side) one minor septum is inserted normally. i. e. toward the cardinal septum and the second
one toward the counter septum. This caused a rearrangement of major and minor septa in the
whole quadrant and the replacement of the latter by the former in the rejuvenated calice. At
the beginning stage discussed, this rearrangement is marked by an increase of two septa of the
rejuvenated calice from a common base offered by the former major septum of the old calice
(fig. 85:2b, lower right two pairs of septa).

The very early stage of the axially-lateral rejuvenation observed in the calice of one paratype
(pl. 43:5a) explains the relation between old and new septa and the foundation of new structural
elements. Old septa have been continuing to develop only in the deeper part of the calice. Lateral
thickenings — foundations of the external wall — separate them from their upper parts and
from the minor septa, which were left behind the newly formed calice. The inner side of the
thickening adjacent to the cardinal septum shows secondary foliations, interpreted herein
as foundations of septa. All these structures, secondarily thickened in the process ef diagenesis,
can be closely compared with septal swellings (FEDOROWSKI 1978) characteristic of very early
stage of offsetting. The drastic shortening of the old septa just above the thickenings (Foundations



Fig. 85.
Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. 1. Specimen USNM 197357, Locality USNM 7281, Cibolg
Formation, Breccia Zone. Transverse sections; a — neanic stage; b, ¢ — early ephebic stage; d, ¢ — ephebic stage. 2,
Specimen USNM 197358. Holotype. Locality USNM 720¢, Skinner Ranch Formation, base of Scacchinella beds; a __
transverse section, neanic stage; b — transverse section, very early stage of rejuvenation; ¢ — transverse section, latera]
rejuvenation; d, e—transverse sections, late neanic morphology; f — transverse section, ephebic stage; g—i — Successjye
longitudinal sections made from corallite periphery to its axis. 3. Specimen USNM 197359. Locality and horizon as above,
Transverse section, ephebic stage. 4. Specimen USNM 197360. Locality and horizon as above. Transverse section, ephebic
stage 5. Specimen USNM 197361, Locality 705a, Skinner Ranch Formation, base of Scacchinella beds. Transverse section,
early. ephebic stage. 6. Specimen USNM 197362. Locality USNM 720e, Skinner Ranch Formation, base of Scacchinella
beds. Transverse section, ephebic stage. All, x 8.
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of the external wall) may either be diagenetic or, more probably, resulted from the original
break in secretion of calcium carbonate.

The structure bounding the rest of the newly founded calice forms a low, semicircular eleva-
tion of the tabula, being clearly of basal origin (pl. 43:5a). This elevation does not show any
foliations, making that side of the newly formed calice aseptal.

Longitudinal section. — In the section made almost exactly axially (fig. 85:2i), middle parts
of tabulae are widely spaced (4 for 4.2 mm), horizontal and with some accessory axial tabellae
in the more juvenile part of the corallite. In the amplexoid part of the specimen (fig. 85:2i,
upper portion) the tabellae are lacking. Lateral parts of the tabulae in Position 1I dip toward
the external wall (fig. 85:2i, lower right, 2h). In Position T (fig. 85:2i, upper left and right; 2h,
lower left; 2g, upper left, lower right) they are almost horizontal or inclined slightly downward.
The more peripheral section (fig. 85:2h) shows the amplexoid character of the major septa
in the corallite axis.

Individual variation. — The variation established is not large. All well preserved calices
(e. g.pl. 43:4, 5a, 8) have foundations of major and minor septa equally developed at the marginal
zone and either distinctly underdeveloped or completely reduced minor septa in the inner
zone (pl. 43:3, 4, 5a, 7, 10). All major septa are equal in length in individual calices, but their
length between calices vary a little. This is especially so at the floors where, in some calices, septa
remain restricted to the peripheral part (pl. 43:3, 7, 10), while in the other ones (pl. 43:4, 9a,
11a) they came fairly close to the calice axes. The latter specimens form the majority of the
collection. Skewness of the calice floor is another variable character. Being always oblique,
the calice floor may be almost horizontal in some specimens (e. g. pl. 43:3, 7, 11a) and steeply
inclined in others (e. g. pl. 43:7).

Variability in sections is mainly in the length of the major and minor septa, which vary in
individual specimens from rather Jong-septal (fig. 85:5, 6; pl. 42:3a, b) to very short-septal,
with almost no minor septa developed (fig. 85:1d, e, 4; pls. 4]1:14, 15; 42:1, 2e). The moment
of reaching the amplexoid stage differs in individual specimens. In most of them, it is restricted
to the uppermost 2—4 mm of growth only (e. g. fig. 85:5, 6, and the holotype, fig. 85:2f).
In some others, this stage starts fairly early in ontogeny and lasts along the major part of corallite
growth (fig. 85:1b—e; pl. 42:2c—e¢). No replacement of amplexoid and long-septal stages
has been observed in the course of growth of a single specimen.

Occurrence. — Locality USNM 705a:1, 720e:62, Skinner Ranch Formation, base of
Scacchinella beds; 702d:2, 702e:6, Hess Formation, Taylor Ranch member; 726n:2, Upper
Hess Formation, ? 728¢:1, Lower Bone Spring Formation; 7281:1, Cibolo Formation, Breccia

Zone. Upper Wolfcampian.

Paraduplophyllum (Vacoea) amplexoides longiseptatum subsp. n.

(figs. 86, 87; pls. 42:4—7; 43:12, 13)

Holotype: Specimen USNM 197374, fig. 86:1a—m; pl. 42:6a—c.

Type locality: USNM 733j.
Type horizon: Skinner Ranch Formation, Sullivan Peak member.
Derivation of the name: longiseptatum — after long minor septa.

Material. — 34 silicified specimens, almost all having calices and/or proximal ends at least
in part preserved.
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Some features of representative specimens (in mm):

cgfljl(l\)i. ‘N:d ratio Length Dz;tf;eof Remarks
197374 20:6.9% 6.6 ~22.0 210.0 calice margin
» ) 18:6.7x 6.5 beneath calice
» 17:5.5% 5.0 early ephebic stage
197385 19:7.3% 7.0 incompl!. ~ 7.0 calice margin
197383 18:6.0x 5.7 18.0 ? beneath calice
» 18:5.0x4.8 middle of growth
197379 17:6.2%5.8 19.0 6.0 calice margin
» 16:6.0x5.3 just beneath calice
197377 15:5.0x 5.0 ~20.0 ? middle of rejuvenation
197382 14:3,7x 3.5 22.7 ~ 5.0 calice margin
14:3.6 x3.6 beneath calice

Diagnosis. — Paraduplophyllum (Vacoea) amplexoides having long minor septa in all growth
stages.

Description of the holotype. — The twice rejuvenated specimen is horn-shaped, with the
cardinal septum located on its convex side. The old calice of the upper rejuvenation is 10 mm
deep and 6.9 X 6.6 mm in diameter. The young one has approximately 6 mm and 4.6 x4.0 mm
respectively. The counter septum of the young calice dominates, being higher and penetrating
the calice farther axially than other major septa. The cardinal septum does not differ from
the short, radially arranged major septa. Minor septa, except for their foundations at the marginal
zone, are completely reduced.

The ontogenetically most advanced section (fig. 86:1¢; pl. 42:6b) is amplexoid, with the
cardinal and counter septa slightly longer than other major septa. The former is also slightly
thicker. Most of the major septa, much thicker peripherally, thin rapidly axially. Some are
slightly shortened. Minor septa are longer and more clearly contratingent or contraclined in
the counter quadrants. Those neighbouring the cardinal septum and some other major septa
in the cardinal quadrants are reduced.

[n the younger mature cross section (fig. 86:1d; pl. 42:6a) the cardinal and counter septa
may be distinctly clongated. Minor septa are all long and mostly contratingent, although some
are contrafused. The specimen rejuvenated for the first time early in ontogeny, producing
a mature-like morphology there (fig. 86:1a). In further growth of the rejuvenated part (fig.
86:1b), with all major septa long and straight, mostly met at the corallite axis, and with straight,
contrafused minor septa, the morphology is typical of less specialized species of the genus
discussed.

The deep lateral rejuvenation of the upper part of the holotype caused a complete recon-
struction of its morphology. The earliest stage available for study (fig. 86:1f, g), aseptal in part,
can well be considered as following the morphology of a very early stage of rejuvenation observed
in a calice of one of the paratypes of the nominative subspecies (pl. 43:5a) described earlier.
The rejuvenated calice is dual in a character, being in one half composed of the unchanged,
old cardinal quadrants, and, on the opposite side, built of a completely new wall, with some
foundations of new septa on it. The new wall is supported by the old alar septa and the old
counter septum, which is the only unshortened septum of the counter quadrants. Only some
of the major septa, 1. e. the cardinal, counter, and alar protosepta and possibly also one or two
metasepta underwent rejuvenation and continued to develop as thin, new septa in the new
calice (fig. 86:1f—j). Most of the metasepta are either newly inserted on the new wall (fig.
86:1g—k, left side) or their origin is uncertain. They may have been inherited from the old
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Fig. 86.
Paraduplophyllum (Vacoea) amplexoides longiseptutum subsp. n. Specimen USNM 197374, Holotype. Locality USNM
733j, Skinner Ranch Formation, Sullivan Peak member. Transverse seciions; a, b — first rejuvenation of corallite, having
Jate neanic/early ephebic morphology; c—e ~ ephebic stage; f-—m ~-successive sections of laterally axial rejuvenatidfx,
with counter septum supporting rejuvenated calice lowermost. All, x 8.
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Fig. 87.
Paraduplophyilum (Vacoea) aniplexoides longiseptatum subsp. n. 1. Specimen USNM 197375, Locality USNM 738r,
Cibolo Formation, Breccia Zone, Transverse sections; a — neanic stage; b — carly ephebic stage; ¢ — ephebic stage.
2. Specimen USNM 197376, Locality USNM 720e. Skinner Ranch Formation, base of Scacchinelja beds. Transverse
section, ephebic stage. 3. Specimen USNM 197377 Locality USNM 724p, Skinner Ranch Formation, undivided. Trans«
verse sections of rejuvenated corallite; a — ephebic morphology; b — late neanic morphology. 4. Specimen USNM
197378. Locality USNM 716t, Lower Skinner Ranch Formation. Transverse section, ephebic stage. S. Specimen USNM
197379, Locality USNM 733j, Skinner Ranch Formation, Sullivan Peak member. Transverse section, ephebic stage.
6. Specimen USNM 197380, Locality USNM 705a, Skinner Ranch Formation, base of Scacchinella beds. Transverse
section, ephebic stage. 7. Specimen USNM 197381, Locality USNM 7381, Cibolo Formation, Breccia Zone. Transverse
section, ephebic stage. 8. Specimen USNM 197382, Locality USNM 724 p, Skinner Ranch Formation,undivided. Transverse
section, ephebic stage. 9. Specimen USNM 197383, Locality USNM 733j, Skinner Ranch Formation, Sullivan Peak member.
Transverse section, ephebic stage. 10. Specimen USNM 197384, Locality USNM 7381, Cibolo Formation, Breccia Zone.
Transverse section, ephebic stage. All, x 8.

part of the calice (fig. 86:11, upper right), then reduced (fig. 86:1j. k), and reinserted again
(fig. 86:1k, I). However ihey appeared. they are clways located opposite to the remnants of the
old major septa.

Old minor septe were reduced in the course of rejuvenation without being inherited in the
rejuvenated calice. New. never contratingent minor septa are inserted early and serially, but at
least in part between thic already existing major septa (fig. 86:1f—h, right). They tend to be
contratingent or contrafused. reaching this arrangement individually (fig. 86:11, k), but mainly
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only at the long-septal stage that ends the process described, bringing the morphology of the
corallite back to the irregularly neanic stage (fig. 86:1m).

Individual variation. — Differences in the neanic and early ephebic stage are small and were
caused either by a curvature of specimen, a development of attachment processes, or the other
extrinsic factors. The individualized moment of reaching mature morphology is more important.
Specimens having the amplexoid stage restricted to the uppermost portion of the corallites
prevail. Variation of the mature, amplexoid stage concerns first of all the length of the major
septa, which may sometimes be very short (fig. 87:2), but commonly are fairly long (fig. 87:3a,
4, 6; pl. 42:7b). The holotype and several paratypes are intermediate between these two variants.
Extremely long-septal specimens (fig. 87:8, 10), which are morphologically close to some corallites
of P. (V.) vermiculare sp. n., are all young corallites and should be considered as incompletely
mature individuals.

Length of the cardinal and counter septa vary to a certain extent, but only in elongation,
not in shortening. In some specimens or some stages of growth (fig. 87:3a, 4, 5, 9; pl. 42:4,
5, 7b), they are longer than oiher major septa, while in other corallites they do not extend
beyond the average (fig. 87:1c¢, 2, 6, 7, 8). This is true for both the long- and the short-septal
specimens. In some corallites (e. g. fig. 87:1a—c, 7), minor septa in some loculi of the cardinal
quadrants became regularly reduced toward the cardinal septum. This is a very rare variant.
More frequent, but also uncommon, is an incidental reduction of minor septa in some loculi.
The great majority of the specimens observed have all minor septa well developed.

Remarks. — P. (V) amplexoides longiseptata subsp. n. differs from the nominative subspecies
first of all in possessing long minor septa permanently and almost invariably present. The slight
difference inn:d ratio is not fully confirmed because of the inadequate number of specimens
available for study.

The subspecies discussed shows also a close similarity to Kabakovitchiella WEYER, 1972,
Feporowsk1 (1986) pointed out the uncertain family position of that genus and its possible
location within Lophotichiidae WEYER, 1972. If this concept is confirmed by study of the
ontogeny of the topotypes of that genus, a new solution for the amplexoid taxa of Paradup-
lophyllum will be necessary. They will then fit in the diagnosis of Kabakovithiella. Consequent-
ly, the genus Paraduplophyllum or at least Vacoea subgen. n. may be a junior synonym of
Kabakovitchiella, unless amplexoid morphology is accepted as a distinguishing subgeneric
character, which has not been done in this paper.

Occurrence. - Locality USNM 724p;6, Skinner Ranch Formation, undivided; 716t:1,
Lower Skinner Ranch Formation; 705a:6, 720e:7, Skinner Ranch Formation, base of Scac-
chinella beds; 707w:w, Skinner Ranch Formation, Decie Ranch member; 733j:8, Skinner
Ranch Formation, Sullivan Peak member; 738r:5, Cibolo Formation, Breccia Zone; 728e:1,
Lower Bone Spring Formation. Upper Wolfcampian.
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. EXPLANATION OF PLATES 1—43

PLATE |

1. 7 Allotropiochisma (? Allotropiochisma) uddenitense sp. n. Specimen USNM 196695. Holotype. Locality USNM 701 p,
Gaptank Fm., Uddenites-bearing member; a, b — transverse sections, ephebic stage, x3.

2.7 Allotropiochisma (? Allotropiochisma) uddenitense sp. n. Specimen USNM 196696. Locality and horizon as above.
Transverse sections; a — early ephebic stage x5, b — late neanic stage, x 10,

3. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 139777, Locality and horizon as above. ( = Amplexi-
zaphrentis sp. A. Ross and Ross, 1963, pl. 49:3). Transverse section, ephebic stage, x 3.

4. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 139775, Locality and horizon as above ( = Amplexiza-
phrentis sp. A. Ross and Ross, 1963, pl. 48:7). Longitudinal section, x 3.

5. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196701. Locality and horizon as above. Transverse section,
ephebic stage, x 3.

6. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196699, Locality and horizon as above. Transverse section,
neanic stage, x 10,

7. Allotropiochisma (Abeophyllum) texanum sp. n. Specimen USNM 196707. Locality and horizon as above. Transverse
section, ephebic stage, xS.

8. Allotropiochisma (Abeophyllum) texanum sp. n. Specimen USNM 196705, Holotype. Locality and horizon as above.
Transverse sections; a — neanic stage, x 4; b — cphebic stage, part of cardinal fossula sectioned above last tabula, x 3.

9. Allotropiochisma (Abeophyllum) texanum sp. n. Specimen USNM 196703, Locality and horizon as above. Transverse
sections, ephebic stage, x3.

PLATE 2

L. 2 Ewryphyllum profundum sp. n. Specimen USNM 196719, Locality USNM 728f, Lower Bone Spring Fm. a — side
view with entrance of commensal? worm tube, x2; b -—relarion of septa to worm tube inside calice, x 2; ¢ — calice
with deep cardinal fossula, x 2.

2. Allotropiochisina (Alligia) flabellun sp. n. Specimen USNM 196697, Holotype. Locality USNM 701¢, Neal Ranch
Fm. Calice floor, x2.

3. 2 Euryphyllum profundum sp. n. Specimen USNM 196720, Locality USNM 728e, Lower Bone Spring Fm: a — calice,
x4; b —side view, x2,

16+
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10.
11.

13.

13.

14,

[5.

. Allotropiochisma (Alligia) flabellum sp. n. Specimen USNM 196698, Locality USNM 706x, Neal Ranch Fm;a — calice

floor with axial depression, cardinal fossula upwards; b — reversed side of weathered tabula of juvenile part of corallite,
cardinal fossula upwards, x4.

. ? Euryphyllum profundum sp. n. Specimen USNM 196721, Locality USNM 728e, Lower Bone Spring Fm; a — external

view of juvenile corallite, x4; b — calice. x4.

. ? Euryphyllum profundum sp. n. Specimen USNM 196722. Locality 728f, horizon as above; a — calice with well

developed counter septum; cardinal septum on concave side; b— external view, both, x4,

. ? Euryphyllum profundum sp. n. Specimen USNM 196715. Locality USNM 728e¢, horizon as above; a — external

view of juvenile specimen with strong attachment on cardinal septum side, x2; b — calice, x4.

. ? Euryphyllum profundum sp. n. Specimen USNM 196723. Locality and horizon as above; a — external view, x2;

b —calice, x4.

. ? Euryphyllum profundum sp. n. Specimen USNM 196724, Locality and horizon as above; a — view from tip with

proximal end of corallite originally twisted around worm tube (now dissolved) and entrance of tube into corallite
wall; compare fig. 9c, right, x 6; b —external view, x4; c — calice with embeded vorm tube right, x 4.

? Euryphyllum profundun: sp. n. Specimen USNM 196725. Locality and horizon as above. Calice, x4.

? Euryphyllum profundum sp. n. Specimen USNM 196713. Locality and horizon as above; a — external view, x 3;
b — calice oriented obliquely to show morphology of cardinal fossula, x 3.

. ? Euryphyllum profundumsp. n. Specimen USNM 196714, Locality and horizon as above ; a — calice, X 4; b— external

view, x2.
? Euryphyllum profundum sp. n. Specimen USNM 196716. Holotype. Locality USNM 728f, horizon as above; a —
external view, x2; b — calice; inner ends of major septa bend to trame deep cardinal fossula, x4.

PLATE 3

. Actinophrentis columnare sp. n. Specimen USNM 196729. Locality USNM 701, Neal Ranch Fm. Calice, x5,
. Actinophrentis columnare sp. n. Specimen USNM 196726. Locality USNM 702t, Neal Ranch Fm. Calice floor, x 4.
. ? Euryphyllum robustum sp. n. Specimen USNM 196712. Holotype. Locality USNM 705a, Skinner Ranch Fm,

External view and marginal zone of calice; foundations of major and minor septa equally developed, x 2.

. 2 Euryphyllum robustum sp. n. Specimen USNM 196708. Locality USNM 706x, Neal Ranch Fm. Broken and partly

weathered tip showing arrangement of major septa and shape of cardinal fossula, x4.

. Actinophrentis columnare sp. n. Specimen USNM 196730. Locality USNM 7221, Skinner Ranch Fm., Sullivan Peak

member. Calice without minor septa, x4.

. Actinophrentis columnare sp. n. Specimen USNM 196728. Locality 701, Neal Ranch Fm. Calice with foundations

of minor septa present, x4.

. Bradyphyllum postwannense sp. n. Specimen USNM 196739. Locality USNM 701 p, Gaptank Fm., Uddenites-bearing

member. External view with contemporaneous increase of major and minor septum next to alar septum, x4,

. Actinophrentis bonespringense sp. n. Specimen USNM 196731. Holotype. Locality USNM 728e. Lower Bone Spring

Fm; a — external view showing increase of septal furrows; minor septum marked by arrow with letter ,m”, alar
septum with letter ,,A”, x 6; b — external view; overgrowth of worm tube left, x 4; ¢ — fragment of calice (cardinal
septum to the right); youngest major septum apparently much longer than its furrow shown on fig. 8a, x 6; d—calice;
clearly elongated counter septum and pinnate arrangement of major septa, x4.

. Actinophrentis bonespringense sp. n. Specimen USNM 196732, Locality USNM 728h, horizon as above Juvenile

specimen; a — calice, x 6; b—external view with strong attachment on left, x4.

. Lytvolasma aucta sp. n. Specimen USNM 196759. Locality USNM 701 p, Gaptank Fm., Uddenites-bearing member;

a — external view with furrow of alar septum marked ,,A’ and furrows of major and minor septa marked ,,M" and
,»m” respectively, x6; b— view from cardinal septum side with surface of attachment lowermost, x2.

. Allotropiochisma (Alligia) flabelluin sp. n. Specimen USNM 196699. Locality and horizon as above. Calice floor with

cardinal fossula extending to its axis, x2.

. Actinophrentis bonespringense sp. n. Specimen USNM 196733, Locality USNM 728e, Lower Bone Spring Fm. Juvenile

specimen; a — external view, x2; b — calice with well developed columella, x4.

Actinophrentis bonespringense sp. n. Specimen USNM 196734, Locality and horizon as above; a — external view, x2;
b — calice with only slight elongation of counter septum, x4.

Lytyolasma aucta sp. n. Specimen USNM 196761. Locality USNM 701 p, Gaptank Fm., Uddenites-bearing member.
Epitheca partly eroded but septal furrows recognizable, x 2.

Actinophrentis bonespringense sp. n. Specimen USNM 196735, Locality 728¢, Lower Bone Spring Fm. Juvenile spec-
imen;a — calice, x 4; b — external view; septal furrows hardly if at all distinguishable on apex but distinct uppermore,
X2,



UPPER PALAEOZOIC RUGOSE CORALS 245

PLATE 4

.2 Euryphyllum robustum sp. n. Specimen USNM 196708. Locality USNM 706x. Neal Ranch Fm.; a — transverse

section, neanic stage, x 5; b — transverse section, ephebic stage, x 3; ¢ — longitudinal section near calice floor in
cardinal-counter septa plan; cardinal fossula right, x3.

. Euryphyllm robustum sp. n. Specimen USNM 196711. Locality and horizon as above. Transverse sections; a —

ephebic stage, b — late neanic stage. Both, x3.

.2 Ewryphyllum robustum sp. n. Specimen USNM 196710. Locality and horizon as above. Transverse sections; a —

neanic stage, x10; b — ephebic stage, x3.

.7 Euryphyllum robustuni sp. n. Specimen USNM 196712. Holotype. Locality and horizon as above. Transverse section,

ephebic stage, x3.

. 2 Euryphyllum profundum sp. n. Specimen USNM 196715. Locality USNM 728e, Lower Bone Spring Fm; a, b —

transverse sections, neanic stage, x20.

.2 Euryphyllum profundum sp. n. Specimen USNM 196718. Locality and horizon as above. Transverse section, ephebic

stage; commensal? worm tube embedded in external wall, x 10.

. Euryphyllum profundum sp. n. Specimen USNM 196714. Locality and horizon as above. Transverse section, ephebic

stage, x5.

. Actinophrentis columnare sp. n. Specimen USNM [96726. Locality USNM 702t, Neal Ranch Fm. Transverse sections;

a, b — neanic stage, x10; ¢ — ephebic stage, xS5.

. Actinophrentis columnare sp. n, Specimen USNM 196727, Holotype. Locality USNM 706x, Neal Ranch Fm. Trans-

verse sections; a — early neanic stage, x 10; b — late neanic stage, x5.

. Actinophrentis bonespringense sp. n. Specimen USNM 196731, Locality USNM 728¢, Lower Bone Spring Fm. Trans-

verse sections, a, b — early neanic stage, x 20; ¢ — neanic stage with commensal worm tube, x 20; d — late neanic/
early ephebic stage, x 10.

. Actinophrentis columnare sp. n. Specimen USNM 196728. Locality USNM 701, Neal Ranch Fm. Transverse sections;

a — neanic stage, x 10; b — ephebic stage, x5,

PLATE 5

. Bradyphyllum sp. 2. Specimen USNM 196750. Locality USNM 728e, Lower Bone Spring Fm.; a—c — transverse

sections, late neanic to early ephebic stage, x 5.

. Lytvolasma asymmetrica SOSHKINA, 1925, Specimen 803/146. Holotype. Housed in Paleontological Institute of the

Academy of Sci. of the USSR, Moscow. Transverse sections; a — early ephebic stage = SOSHKINA 1925, pl. I:la;
b — ephebic stage = SosHKINA, 1925, pl. 1:1.

. Lytvolasma aucta sp. n. Specimen USNM 196760. Locality USNM 701 p, Gaptank Fm., Uddenites-bearing member.

Transverse sections; a — early neanic stage; b, ¢ — late neanic stage; allx 10, d — ephebic stage, xS5.

4. Lytvolasma auctasp. n. Specimen USNM 196756. Locality and horizon as above. Transverse section, ephebic stage, x 5.

. Monophyllum cassum sp. n. Specimen USNM 196766. Locality and horizon as above; a, b — transverse sections,

early ephebic stage, x5.

. Lytvolasma auctasp. n. Specimen USNM 196762. Locality and horizon as above. Transverse section, neanic stage, x 10,
. ? Lytvolasmasp. Specimen USNM 196763. Locality USNM 728¢, Lower Bone Spring Formation. Transverse sections;

a — early neanic stage, x 10; b — ephebic stage, xS5.

. Lytvolasma aucta sp. n. Specimen USNM 196759. Locality USNM 701 p, Gaptank Formation, Uddenites-bearing

member. Transverse section, ephebic stage, x 5.

. Lytvolasma aucta sp. n. Specimen USNM 196761, Locality and horizon as above. Transverse section, fate ephebic

stage, X 5.

. Falsiamplexus reductus sp. n. Specimen USNM 196808. Locality USNM 700, Gaptank Formation, Upper (?) Missou-

rian. Transverse sections; a, b — late necanic and early ephebic stage, x 10.

. Monophyllum cassum sp. n. Specimen USNM 196764, Locality USNM 701 p, Gaptank Formation, Uddenites-bearing

member. Transverse sections; a — early ephebic stage, x 5; b —late ephebic stage showing incipient axial rejuvenation,
x 5.

. Monophyllum cassum sp. n. Specimen USNM 196767, Holotype. Locality USNM 702t, Neal Ranch Formation.

Transverse section, ephebic stage, xS5.

. Falsiamplexus reductus sp. n. Specimen USNM 196807. Locality USNM 700, Gaptank Formation, Upper (?) Missou

rian. Transverse sections; a, b — ephebic stage, x5,
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14.

15.

—

e

1

—

12.

S5

Falsiamplexus reductus sp. n. Specimen USNM 196809. Locality and horizon as above; a — transverse section,
cphebic stage, b — longitudinal section. Both, x35. )

Falsiamplexus reductus sp. n. Specimen USNM 196806. Holotype. Locality USNM 700a, Gaptank Formation, Upper
(?7) Missourian. Transverse scctions; a—e — early ncanic stage; f, g — latc neanic/early ephebic stage; h — ephebic
stage, Allx10.

PLATE 6

. Bradyphyllum counterseptatiun sp. n. Specimen USNM 196743, Locality USNM 701, Neal Ranch Formation; a —

calice having shallow rejuvenation and showing amplexoid character of major septa, x4; b — external view, x 2.

. Bradyphyllum sp. 2. Specimen USNM 196750, Locality USNM 728¢, Lower Bone Spring Formation. Calice, x 4.
. Falsiamplexus delicatus (Ross and Ross, 1963). Specimen USNM 196772. Locality USNM 700g. Gaptank Formation,

Virgilian. Group of corallites attached to each other to form apparent colony, x 2.

. Falsiumplexus flexibilis sp. n. Specimen USNM 196803. Locality USNM 728e, Lower Bone Spring Formation;

a— calice, x4; b —external view showing worm tube embeded in external wall, x4.

. Falsiainplexus flexibilis sp. n. Specimen USNM 196804. Locality and horizon as above. Calice, x 4.
. Monophyllum cassum sp. n. Specimen USNM 196768. Locality USNM 701 d, Neal Ranch Formation. Calice floor, x 4.
. Monophyllum sp. Specimen USNM 196770. Locality USNM 728e, Lower Bone Spring Formation; a — external

view of two corallites, x 2; b — calice of juvenile corallite and upper part of calice of large corallite showing founda-
tions of septa and shape of their upper ridges; x4; ¢ — calice of large specimen, x4,

Falsiamplexus flexibilis sp. n. Specimen USNM 196798. Holotype. Locality and horizon as above; a — relation of
major septa so lower surface of tabula seen in broken specimen; depression (bulge on the picture) of card inal fossula
lower left, x4; b—external view of upper portion of corallite, x2; ¢ — calice, x4,

Falsiamplexus elongatus sp. n. Specimen USNM 196778. Locality USNM 701 h, Neal Ranch Formation. Calice, x 4.

. Falsiamplexus flexibilis sp. n. Specimen USNM 196805. Locality USNM 728e, Lower Bone Spring Formation; a —

calice strongly disturbed by worm tube, x4; b —external view, x2.

. Monophyllum cassum sp. n. Specimen USNM 196769. Locality USNM 701, Neal Ranch Formation; a — external

view, x 2; b -—calice, x4.

Falsiample.xus flexibilis sp. n. Specimen USNM 196802, Locality USNM 7221, Skinner Ranch Formation, Sullivani
Peak member; a — rejuvenated calice having irregular floor; b — external view; broken part exhibits horizontal axia,
tabulae. Both, x2.

PLATE 7

. Falsiamplexus delicatus (Ross and Ross, 1963). Specimen USNM 196771. Locality USNM 700g, Gaptank Formation,

Virgilian; a — corallite 1, longitudinal, slightly oblique section, x 3, b — section of fragment ot biohermal limestone
with group of corallitcs, x 3; ¢ — another section of the same sample; corallites 3 and 4 (compare fig. 26:2, 3) in the
middle, x 3.

. Falsiamplexus delicatus (Ross and Ross, 1963). Specimen USNM 196772, Locality and horizon as above. Section of

fragment of biohermal limestone with group of corallites at different stage of growth, x3.

. Falsiamplexus elongatus sp. n. Specimen USNM 196779. Locality USNM 701k, Neal Ranch Formation. Transvgrse

section, ephebic stage, x 3.

. Falsiamplexus flexibilis sp. n. Specimen USNM 196796. Locality USNM 728¢, Lower Bone Spring Formation;

a, b— transverse section, ephebic stage, x5.

. Falsiamplexus flexibilis sp. n. Specimen USNM [96801. Locality and horizon as above. Transverse sections; a — early

neanic stage, x 10; b, ¢ — neanic and late neanic stage, x5; d, e — ephebic stage, x35.

. Falsiamplexus elongatus sp. n. Specimen USNM 196780. Locality USNM 701 h, Neal Ranch Formation. Transverse

section, ephebic stage, x 3.

. Falsiamplexus flexibilis sp. n. Specimen USNM 196802, Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak membear. Transverse section, ephebic stage, x35.

. Falsiamplexus flexibilis sp. n. Specimzan USNM 196795, Locality USNM 728¢, Lower Bone Spring Formation. Trans-

verse section, early ephebic stage, x 10.



UPPER PALAEOZOIC RUGOSE CORALS 247

. Fulsiamplexus flexibilis sp. n. Specimen USNM 196799, Locality and horizom as above. Transverse section; ephebic

stage, x 5.

. Falsiamplexus flexibilis sp. n. Specimen USNM 196798. Holotype. Locality and horizon as above; a — late neanic

stage, x |0; b — early ephebic stage, x 10, ¢ — ephebic stage, x 10; d — late ephebic stage, x 3.

PLATE 8

. 2 Lytvolasma sp. Specimen USNM 196763, Locality USNM 728¢, Lower Bone Spring Formation. Calice; major

septa overgrow worm tube; cardinal fossula upwards, x 8.

. Falsiamplexus elongatus sp. n. Specimen USNM 196783, Locality USNM 701 k, Neal Ranch Formation; a — calice

with small sponge attached to major septum; b — broken part showing trapezoid tabulae. Both, x 4.

. Fulsiamplexus elongatus sp. n. Specimen USNM 196784, Locality 701, horizon as above. External view; peculiar attach-

ment to brachiopod shell, x2.

. Fulsiamplexus elongatus sp. n. Specimen USNM 196785. Locality USNM 701 h, horizon as above. External view

of two corallites” attached to each other, x2.

. Falsiamplexus elongatus sp. n. Specimen USNM 196774, Locality USNM 701k, horizon as above. External view, x 2.
. Fulsiamplexus elongatus sp. n. Specimen USNM 196773. Holotype. Locality USNM 701 h, horizon as above; a —

external view; b — calice having axial rejuvenation. Both, x2.

. Falsiamplexus elongatus sp. n. Specimen USNM 196786. Locality USNM 701 k, horizon as above. Calice having three

shallow rejuvenations, x4:

. Fuisiamplexus elongatus sp. n. Specimen USNM 196787. Locality USNM 701 h, horizon as above; a — calicc having

scveral rejuvenations, x4, b — external view, x2.

. Fulsiamplexus elongatus sp. n. Specimen USNM 1[96788. Locality USNM 721g, Uppcr Neal Ranch Formation.

Juvenile specimen; a — calice, x 6; b —external view and calice, x 6.

. Falsiamplexus elongatus sp. n. Specimen USNM 196789. Locality USNM 701k, Neal Ranch Formation; a — calice

having deep rejuvenation; partly broken; b — brozoan'co'lony attached to external surface of corallite. Both, x 2.

. Falsiamplexus elongatus sp. n. Specimen USNM 196790. Locality and horizon as above. Different ornamentation

of tip and uppermore portion of corallite, x 2.

. Falsiamplexus elongarus sp. n. Specimen USNM 196791. Locality and horlzon as above. Calice having deep rejuvena-

tion at its floor and commensal worm tube at upper right margin, x4.

. Falsiamplexus elongatus sp. n. Specimen USNM 196792. Locality and horizon as above; a — arrangement of scpta

below tabula in late neanic stage; cardinal fossula lower left, x6; b — calice, x4.

" Falsiamplexus elongatus sp n. Specimen USNM 196793. Locality USNM 742¢, Neal Ranch Formation. Periphery

of broken calice showing arrangement of peripheral tabulae (lower) and shallow rejuvenation, x 4.

. Fulsiamplexus elongatus sp. n. Specimen USNM 196794, Locality USNM 701, horizon as above. Juvenile specimen;

a —calice, x4; b—external view, x2.

. Fulsiamplexus reductus sp. n. Specimen USNM 196806. Holotype. Locality USNM 700a, Upper (?) Missourian.

External view of corallite attached to bryozoan colony, x2.

. Falsiamplexus reductus sp. n. Specimen USNM 196807. Locality USNM 700, Upper (?) Missourian; a, b — external

view of corallite showing peculiar rejuvenation.

. Lophophyllidium (Lophophyllidium) compressum (JEFFORDS, 1942). Specimen USNM 196876. Locality and horizon

as above. Trace of fish (?) teeth on external surface of corallite, x6.

. Lophophyllidium (Lophophyllidium) compressum (JEFFOrDS, 1942). Specimen USNM 196873. Locality USNM 70le,

Gaptank Formation. Uddenites-bearing member. External view, x2.

PLATE 9

. Lophophyllidium (Lophophyllidium) westii (Brepe, 1898). Specimen USNM 196833, Locality USNM 700a, Gaptank

Formation, Upper (?) Missourian; a — transverse section neanic stage, x 10; b — transverse section, early ephebic
stage; inner end of cardinal scptum attached to abaxial wall of cardinal tabular fossula and absent from middle
part of fossula, x5; ¢, d —transverse scctions, carly ephebic stage, x 3; e, f — transverse sections, ephebic stage,
x 3; g — longitudinal section exposing stage of disappearance of columella, x 3,
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10.

. Lophophyllidium (Lophophyllidium) westii (BEepe, 1898). Specimen USNM 196830. Locality and horizon as above.

Transverse sections; a — cphebic stage, % 3; b — carly ephebic stage, xS5.

. Lophophyllidium (Lophophyllidium) westii (BeeDE, 1898). Specimen USNM 196827. Locality USNM 721. Lower

Hueco Formation. Transverse sections; a — early ephebic stage; b — ephebic stage. Both x 3.

. Lophophyllidium (Lophophyllidiumn) westii (BEeDE, 1898). Specimen USNM 196836. Locality USNM 700a, Gaptank

Formation, Upper (?) Missourian. Transverse sections; a — late neanic/carly ephebic stage, x5; b — ephebic
stage, % 3.

. Lophophylilidium (Lophophyllidium) westii (BEEDE, 1898). Specimen USNM 196837. Locality USNM 700, Gaptank

Formation, Upper (?) Missourian; a — neanic stage, x 5; b, ¢ — carly cphebic stage, x 5; d — ephebic stage, x 5.

. Lophophyllidium (Lophophyllidium) westii (BEEDE, 18938). Spccimen USNM 196826, Locality USNM 701e, Gaptank

Formation, Uddenites bearing member; a, b — ephcbic stage, % 3.

. Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898). Specimen USNM 196838. Locality and horizon as above.

a, b — transverse sections, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898). Specimen USNM 196839. Locality and horizon as above.

Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898). Specimen USNM 196832. Locality and horizon as above:

a — transverse section, ephebic (?) stage, X 3; b, c — rejuvenation, % 3; d — longitudinal section of columellate
portion, x 3.
Lophophyllidium (Lophophyllidium) westii (Beepg, 1898). Specimen USNM 196840. Locality USNM 700a, Gaptank

Formation, Upper (?) Missourian; a — transverse section, ephebic stage; b — longitudinal section. Both, x 5.

. Lophophyllidium (Lophophyllidium) westii (BEFDE, 1898). Specimen USNM 196684. Locality USNM 700, Gaptank

Formation, Upper (?) Missourian. Transverse section; a — ephebic stage having rudimentary columella; b—
ephebic stage showing Aniplexocarinia-like morphology. Both, x 3.

PLATE 10

. Lophophyllidium (Lophophyllidiuni) westii (BEEDE, 1898). Specimen USNM 196828. Locality USNM 700, Gaptank

Formation, Uppcr (?) Missourian, Trace of fish (?) teeth on former calice ridge, x 6.

. Lophophvilidium (Lophophyllidium) westii (BeEpE, 1898). Specimen USNM 196830. Locality USNM 700a, Gaptank

Formation, Upper (?) Missourian; a—deep (lower) and two or three shallower (middle) traces of fish (?) teeth,
x 2; b —detail of fig. 2a showing destruction and its recover, x6.

. Lophophyllidium (Lophophyilidium) westii (BEeDt, 1898). Specimen USNM 1968335, Locality 70] ¢, Gaptank Formation,

Uddenites bearing member. Calice floor having shallow depression of cardinal fossula and uprising portion next
to counter septum, X 2.

. Laphophyllidium (Lophophyllidiuin) distortum (WORTHEN, 1875). Specimen USNM 196846. Locality USNM 700,

Gaptank Formation, Upper (?) Missourian; a — fragment of fig. 4b enlarged to show contemporaneous increase of
two septal furrows, x 60: b — corallite surface; cardinal septum furrow located axially; contemporaneous (left)
and in sequence (right) increasc of septal furrows, x 10. )

. Lophophylidium (Lophophytlidium) distortum (WorRTHEN, 1875). Specimen USNM 196845, Locality USNM 721g,

Ncal Ranch Formation. Calice floor having axially irregular columella, xS.

. Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875). Specimen USNM 196847, Locality USNM 70le.

Gaptank Formation, Uddenites bearing member. External view, x 2.

. Lophophvilidium (Lophophyllidium) absitum (JEFFORDs, 1947). Specimen USNM 196888. Locality USNM 720b.

Hueco Formation. Calice floor, x4.

. Lophophyllidium (Lophophyvllidium)y absitum (JerrorDs, 1947). Specimen USNM 196885, Locality USNM 701 ¢. Gaptank

Formation, Uddenites bearing member. External view, x2.

. Lophophyllidium (Lophophyllidium) absitum (Jereorps, 1947). Specimen USNM 196886. Locality USNM 720D,

Hueco Formation; a — external view: b — calice floor. Both, x 3.

. Lophophyllidium (Lophophyllidium) absitin (JEFForDSs, 1947). Specimen USNM [96887. Locality USNM 70le,

Gaptank Formation, Uddenites bearing member: a — external view, x 3; b — zaphrentoid morphology of broken
tip, % 3.

. Lophophyllidium (Lophophyilidium) absitum (JErrorps, 1947). Specimen USNM 196889. Locality USNM 720D,

Hueco Formation. External view; incrcase of septal furrows, x 10,

. Lophophyllidium ( Lophophyllidiun) absitum (JE¥FORDS, 1947). Specimen USNM 196890. Locality USNM 7051, Gap-

tank Formation, undivided; a — cxternal view; b — calice floor. Both, x2.
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PLATE 11

. Lophophyllidium (Lophophyllidium) westii (BEEDE, 1898). Specimen USNM 196834, Locality USNM 70le, Gaptank

Formation, Uddenites bearing member; a — longitudinal section; b, c — transverse sections, early (?) ephebic stage.
All, x3.

. Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875). Specimen USNM 196848. Loca.hty and horizon as

above. Transverse section, ephebic stage, x2.

. Lophophyllidium (Lophophyllidium) dunbari MOORE and JErrorDS, 1941. Specimen USNM 196895. Locality USNM

701d, Neal Ranch Formation. Transverse section, ephebic stage, x3.

. Lophophyllidium (Lophophyllidium) westii (BEEDE 1898). Specimen USNM 196842. Localxty USNM 700a, Upper

(7 Missourian. Longitudinai section, x 3.

. Lophophyllidium (Lophophyllidiun) distortum (WORTHEN, 1875). Specimen USNM 196843. Locality USNM 701e,

Gaptank Formation, Uddenites bearing member; a, b — transverse sections, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875). Specimen USNM 196849. Locality and horizon as

above; a, b — transverse sections, ephebic stage, x 3.
Lophophyllidium (Lophophyllidium) dunbari Moore and JEFrorDs, 1941. Specimen USNM 196858. Locality USNM
727c. Neal Ranch Formation. Transverse sections; a — ephebic stage, x2; b — late ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) dunbari MooRE and JerrorDS, 1941. Specimen USNM 196859. Locality USNM

701 e, Gaptank Formation, Uddenites bearing member. Transverse sections. a — ephebic stage; b — early ephebic
stage with morphology disturbed by a strange object. Both, x3.

. Lophophyllidium (Lophophyllidium) distortum (WORTHEN, 1875). Specimen USNM 196850. Locality USNM 700a,

Gaptank Formation, Upper (?) Missourian. Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) westii (Beepe, 1898). Specimen USNM 196824, Locality and horizon as above.

Transverse section, neanic stage, x 10.

. Lophophyllidium (Lophophyllidium) westii (BEepE, 1898). Specimen USNM 196829. Locality USNM 701 u, Gaptank

Formation, Uddenites bearing member. Transverse section, ephebic stage, x 3.

. Lophophyliidium (Lophophyllidiunm) dunbari Moore and JerrorDS, 1941. Specimen USNM 196851. Locality USNM

701e. Horizon as above; a, b — transverse sections, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) dunbari MooRe and JEFFORDS, 1941. Specimen USNM 196855. Locality USNM

701k, Neal Ranch Formation. Trariverse section, neanic stage, X 3.

. Lophophyllidium Lophophyllidium plummeri JEFFORDS, 1947, Specimen USNM 196896, Locality USNM 706x, Neal

Ranch Formation. Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) dunbari MooRE and JEFFORDS, 1941. Specimen USNM 196852, Locality USNM

701 e, Gaptank Formation, Uddenites bearing member. Transverse section, ephebic stage, %3,
Lophophyllidium (Lophophyllidiunty dunbari MooRe and JEFFORDs, 1941. Specimen USNM 196854, Locality USNM
721, Lower Hueco Formation; a, b — transverse sections, ephebic stage, x5, )

Lophophyllidium (Lophophyllidium) dunbari Moore and JEFFORDS, 1941. Specimen USNM 196857, Locality USNM
727 e, Neal Ranch Formation. Transverse section, early ephebic stage, x 5.

PLATE 12

. Lophophyllidium (Lophophyllidium) dunbari Moorg and JEFForDs, 1941. Specimen USNM 196855. Locality USNM

701k, Neal Ranch Formation; a — external view; b — calice (cardinal septum left). Both, x2.

. Lophophyllidium (Lophophyllidium) dunbari MooRre and JEFFORDS, 1941. Specimen USNM 196860. Locality USNM

701 d, Neal Ranch Formation; a — external view, x2; b — calice having juvenile morphology and large dimensions,
x 2; ¢ — complex structure of columella, x4,

. Lophophyllidiuim (Lophophyllidium) dunbari Moore and JEFFORDs 1941. Specimen USNM 196861. Locality USNM

727e, Neal Ranch Formation. View of specimen attached to hardened upper sheet of sea floor mud (?), x2.

. Lophophyllidium (Lophophyllidium) dunbari MooRE and JEFFORDS, 1941, Specimen USNM 196862. Locality USNM

701, Neal Ranch Formation. Calice floor, x4.

. Lophophyllidium (Lophophyllidium) dunbari MoorE and JEFFORDS, 1941. Specimen USNM 196852. Locality USNM

701 e, Gaptank Formation, Uddenites bearing member. External view of corallite overgrown by bryozoan colony, x 2.

. Lophophyllidium (Lophophyllidium) dunbari MooRrE and JEFFORDS, 1941. Specimen USNM 196863. Locality USNM

701k, Neal Ranch Formation; a — external view of young corallite attached to brachiopod shell ; b —calice. Both, x 4.

. Lophophyllidium (Lophophyllidiun) dunbarii Moore and JEFFORDS, 1941. Specimen USNM 196864, Locality and hori-

zon as above; a — external view; b —calice. Both, x2,
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. Lophophyilidium (Lophophyllidium) dunbari Moore and JEFFORDS, 1941, Specimen USNM 196865. Locality USNM

701. Horizon as above: a — broken calice with complex columella {cardinal septum upward); b — external view;
corallite remains attached to brachiopod shell along its all length. Both, x2.

. Lophophyllidium (Lophophyllidium) dunbari MooRrEe and JEFrorDS, 1941. Specimen USNM 196866. Locality and horizon

as above; a — calice; b —external view. Both, x2.

Lophophyllidium (Lophophyllidium) dunbari Moore and Jerrorps, 1941. Specimen USNM 196867, Locality USNM
721 g, Upper Neal Ranch Formation. Obliquely broken corallite; a — reclation of deep lateral rejuvenation to old
septa; b — to tabulae. Both, x4.

. Lophophyllidium (Lophophyllidium) dunbari MooRE and Jirrorps, 1941. Specimen USNM 196868, Locality and horizon

as above; a — external view; b — calice. Both, x2.

. Lophophyllidium (Lophophyllidium) dunbari Moore and Jerrorps, 1941. Specimen USNM 196869. Locality USNM

701, Neal Ranch Formation; a — calice; b — external view. Both, x2.

. Lophophyllidium (Lophophyllidium) dunbari MOoREe and JErrorps, 1941, Specimen USNM 196870, Locality and horizon

as above. External view of broken corallite, x2.

. Lophophyllidium (Lophophyllidium) dunbari Moore and JEFrorps, 1941, Specimen USNM [96871. Locality and horizon

as above. External view, x2,

. Lophophyllidium (Lophophyllidium) dunbari Moore and JEFFORDS, 1941, Specimen USNM 196872. Locality USNM

701a, horizon as above. Calice, x2.

. Lophophyllidium (Lophophyllidium) dunbari Moore and Jerrorps, 1941, Specimen USNM 196859. Locality USNM

701e, Gaptank Formation, Uddenites bearing member. External view, x2.

. Lophophyllidium (Lophophyllidiunm) wewokanum Jerrorps, 1947. Specimen USNM 196900. Locality USNM 705f,

Gaptank Formation undivided; a — external view; b — calice floor. Both, x 2.

PLATE 13

. Lophophyllidium (Lophophyllidiunt) compressum Jerrorps, 1942, Specimen USNM 196877, Locality USNM 700

Gaptank Formation, Upper (?) Missourian. Transverse sections; a — early neanic stage, x 10; b, ¢ — early to late
ephebic stage, xS.

. Lophophyllidium (Lophophyllidiunt) compressum Jerrorps, 1942, Specimen USNM 196878. Locality USNM 700a,

Gaptank Formation, Upper (?) Missourian. Transverse sections; a — neanic stage, x 10; b, ¢ — ephebic stage, x 5.

. Lophophyllidiwn (Lophophyllidium) compressum JeFrorps, 1942, Specimen USNM 196879. Locality and horizon as

above. Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) compressum JeFrForDS, 1942, Specimen USNM 196874, Locality and horizon as

above. Transverse sections; a -— early ephebic stage; b — ephebic stage. Both, x 3.

. Lophophyllidium (Lophophvilidiun) compressum JEFFORDS, 1942. Specimen USNM 196880. Locality and horizon

as above. Transverse section, ephebic stage, x 2.

. Lophophyllidium (Lophophyllidium) compressum JEFrornps, 1942, Specimen USNM 196881, Locality and horizon as

above. Transverse sections; a — neanic stage, x 10; b, ¢ — ephebic stage, x 5.

. Lophophyllidium (Lophophyllidium) compressum JEFFORDs, 1942. Spccimen USNM 196882, Locality USNM 700,

Upper (?) Missourian. Transverse sections; a — early ephebic stage, b — ephebic stage. Both, x2.

. Lophophyllidium (Lophophyllidium) absitum JEFFORDS, 1942. Specimen USNM 196885. Locality USNM 701 e, Gaptank

Formation, Uddenites bearing member. Transverse sections; a — early ephebic stage: b — late ephebic stage. Both, x 3.

. Lophophyllidium (Lophophyllidium) absitum JEFFORDS, 1942, Specimen USNM 196886. Locality USNM 720b, Hueco

Formation; a—c transverse sections, ephebic stage; a, bx 3, ¢x 5.

. Lophophyllidium (Lophophyllidium) absitum JEFrorps, 1942, Specimen USNM 196888, Locality and horizon as above.

Transverse section, ephebic stage, x 5.

. Lophophyllidium (Lophophyllidium) absitum Jevrorps, 1942, Specimen USNM 196891, Locality and horizon as above.

Transverse section, ephebic stage, x 3.

. Lophophyllidiunt (Lophophyllidiun) absitun JExrorps, 1942, Specimen USNM 196892, Locality and horizon as above;

a, b — transverse scctions, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) absitum JEFrorDS, 1942, Specimen USNM 196893. Locality USNM 705j, Gaptank

Formation undivided. Transverse section, ephebic stage, x3.

. Lophophyllidium (Lophophyllidiun) absirum JEFForDS, 1942. Specimen USNM 196883. Locality USNM 720b, Hueco

Formation: a, b — transverse section, ephebic stage: ¢ — longitudinal section. All, x 3,

. Lophophyllidium (Lophophyilidium) absitum JEFFORDs, 1942, Specimzn USNM 139737 ( = L. solidum Ross and Ross,

1962). Locality USNM 704w, Gaptank Formation undivided. Transverse section, ephebic stage, x 3.
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Lophophyllidiunt (Lophophyilidium) absitum Jerrorps, 1942, Specimen USNM 196887. Locality USNM 701 e, Gaptank
Formation, Uddenites-bearing member. Transverse section, ephebic stage, x 3.
Lophophyllidium (Lophophylliditm) absitum JErrorDs, 1942. Specimen USNM 196894. Locality USNM 701 v, Gaptank
Formation, Uddenites-bearing member. Transverse section, ephebic stage, x 3.

PLATE 14

. Lophophyllidium (Lophophyllidium) wewokanum JerForDS, 1947. Specimen USNM 196898. Locality USNM 701 u,

Gaptank Formation, Uddenites-bearing member. Transverse sections; a — late neanicfearly ephebic stage; b, ¢ —
cphebic stage. All, x 3.

. Lophophyllidium (Lophophyllidium) wewokanum JEFroRrDS, 1947. Specimen USNM 196900. Locality USNM 705f,

Gaptank Formation undivided. Transverse section, ephebic stage, x 5.

. Lophophyllidium (Lophophyllidium) wewokanum JEFrOrRDS, 1947, Specimen USNM 196901, Locality USNM 708n,

Gaptank Formation, beds with Triricites burgessae. Transverse section, ephebic stage, x 5. .

. Lophophyllidiuni (Lophophyllidium) skinneri Ross and Ross, 1962. Specimen USNM 139744 ( = Ross and Ross, 1962,

pl. 162:18). Transversc section, carly ephebic stage, x 5.

. Lophophyllidium (Lophophyllidium) cf. confertum JeErrorRDS, 1942. Specimen USNM 196904. Locality USNM 705j,

Gaptank Formation undivided. Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophophyllidium) wewokanum JerrorDs, 1947. Specimen USNM 196899. Locality USNM 701 u,

Gaptank Formation, Uddenites-bearing member. Transverse sections; a — ephebic stage, x 3; b — late neanic/early
ephebic stage, xS.

. Lophophyllidium (Lophophyllidiunty skinneri Ross and Ross, 1962, Specimen USNM 196903. Locality USNM 702t,

Neal Ranch Formation. Transverse section, ephebic stage, x 5.

. Lophophyllidium (Lophophyllidium) cf. confertum JEFFORDS, 1942, Specimen USNM 196905. Locality USNM 705f.

Transverse sections; a, b —early and late neanic stage, x5, ¢ — ephebic stage, x3.

. Lophophyllidium (Lophophyllidium) wewokanum JEFrorDs, 1947. Specimen USNM 19602. Locality USNM 706x,

Neal Ranch Formation. Transverse section, ephebic stage, x 3.
Pseudowannerophyllum solidum (Ross and Ross, 1962). Specimen USNM 196908. Locality USNM 711 g, Hess Forma-
tion. Transverse section, late neanic stage, x 10.

. Pseudowannerophyllum solidiun (Ross and Ross, 1962). Specimzn USNM [96909. Locality USNM 701 p, Gaptank

Formation, Uddenites-bearing member. Transverse sections; a -— loose columella, x 10; b — ephebic stage, x5.

. Pseudowannerophyllum solidum (Ross and Ross, 1962). Specimsn USNM 196907. Locality and horizon as above.

Transverse sections; a — cphebic stage, x5; b — columzlia of the above section enlarged to show early stage of
increase of secondary lamellaec by means of peripheral split, x 20; ¢ — columzlia of ontogenetically more advanced
stage of growth having numerous secondary lamellae, x 10.

. Lophophyilidium (Lophophyllidium) sp. Spccimen USNM 196911, Locality USNM 721, Lower Hueco Formation.

Transverse sections; a — neanic stage, x 10; b — Jate neanic/early ephebic stage, x 5; ¢ — ephebic stage, x 5.

PLATE 15

. Pseudowannerophyllum soliduin (Ross and Ross, 1962). Specimen USNM 196610. Locality USNM 701 ¢, Neal Ranch

Formation. Calice floor, x4.

. Pseudowannerophyllum solidum (Ross and Ross, 1962). Specimen USNM 196909. Locality USNM 701 p, Gaptank

Formation, Uddenites bearing member. Polished transverse section showing biform arrangement of peripheral parts
of tabulae and their relation to major and minor septa, x 6.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196920. Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member ; a — group of three corallites and morphology of calice of the Jower juvenile
one, x6; b— calice of upper juvenile corallitc, x 10.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196921, Locality and horizon as above;

a —calice; b, ¢ —cxternal view. All, x2.

. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196932, Locality and horizon as above. Calice floor

having shallow rcjuvenation, x4.
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6.

7.

11,

12.

13.

14,

15.

17.

18.

Lophophyilidiunt (Lophbillidiun) erugunt sp. n. Specimen USNM 196934, Locality and horizon as above. Calice floor
having broken columella, x4.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196922. Locality and horizon as above.
Juvenile specimen; a — calice; b — external view. Both, x 6.

. Lophophyllidium (Lophbillidium) cyathaxoniaforne sp. n. Specimen USNM 196923, Locality and horizon as above.

calice of juvenile corallite, x6.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196924. Locality and horizon as above.

Juvenile corallite; a — external view; b — calice. Both, x6.

. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196933. Locality and horizon as above. Weathered

specimen showing relation of peripheral parts of tabulae to major septa, x4.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196925, Locality and horizon as above;
a —external view of corallite overgrown by bryozoan colony; b — calice. Both, x2.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196917, Locality and horizon as above;
a — calice, x4; b —external view, x2.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196916. Locality and horizon as above.
Calice, x2.

Lophophyliidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196926. Locality and horizon as above.
a —external view; b — calice floor. Both, x2.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196927. Locality and horizon as above;
a —calice, x3; b — external view, x2,

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196928. Locality and horizon as above.

Juvenile corallite; a — calice, x 6; b — broken tip showing arrangement of septa in early neanic stage, x 10.
Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196929, Locality and horizon as above.
Calice of juvenile corallite having three subsequent rejuvenations, x 10.

Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196930, Locality and horizon as above;
a —external view, x2; b —calice, x4.

PLATE 16

. Lophophyliidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196917. Locality USNM 7221, Skioner

Ranch Formation, Sullivan Peak member; a, b — transverse sections, ephebic stage, x 10.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196919. Locality and horizon as above.

Transverse section, early ephebic stage, x 10.

. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196931. Holotype. Locality and horizon as above;

a — transverse section, ephebic stage, x 10; b — morphology of columella and its relation to inner ends of major
septa, x20.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196918. Locality and horizon as above;

a, b —successive transverse sections of columella, x 20,

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196912. Holotype. Locality and horizon

as above; a — ephebic stage, x10; b — columella having two lamellae temporary incorporated, x20.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196913. Locality and horizon as above.

Transverse sections; a — lateral attachment of counter septum to columella, x20; b — late ephebic stage, X 10;
¢ — symmetrical attachment of counter septum to columella, x20.

. Lophophyllidium (Lophbillidium) cyathaxoniaforme sp. n. Specimen USNM 196915. Locality and horizon as above.

Transverse section, ephebic stage; relation of major septa to columella, x20.

. Lophophyliidium (Lophbillidiuni) sp. 1. Specimen USNM 196952. Locality USNM 709f, Lenox Hills Formation. Trans-

verse section, ephebic stage, x 5.

PLATE 17

. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196931. Holotype. Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member; a — calice, x4; b — external view, x2.

. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196935, Locality and horizon as above; a — external

view, x2; b— axial septum of early postlarval growth stage, x 10.
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. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196936. Locality and horizon as above. Calice of

juvenile corallite, x 6.

. Lophophyllidium (Lophbillidium) erugum sp. n. Specimen USNM 196937. Locality and horizon as above. Calice of

mature corallite having thin columella, x2.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196939. Holotype. Locality USNM 705a,

Lower Skinner Ranch Formation; a — calice; b — external view. Both, x2.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196944, Locality and horizon as above.

Juvenite corallite; a — calice; b — external view. Both, x2.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196942, Locality and horizon as above;

a — calice; b —external view showing traces of rootlets of boring sponges. Both, x2.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196945. Locality and horizon as above;

a — a calice having complex columella; b — external view. Both, x2.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196946. Locality USNM 720e, Lower

Skinner Ranch Formation. Specimen overgrown by bryozoans and alge; a — calice having short and thin columella;
b — external view. Both, x2.

? Paralleynia acclinis sp. n. Specimen USNM 196954, Locality USNM 701d, Neal Ranch Formation. Calice, x 5.
Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196947, Locality USNM 705a, Lower
Skinner Ranch Formation. Calice of juvenile corallite, x2.

. ? Paralleynia acclinis sp. n. Specimen USNM 196955. Locality USNM 701 d, Neal Ranch Formation. Broken specimen

showing mutual relation of basal and radijal skeletal elements, xS5.

. ? Paralleynia acclinis sp. n. Specimen USNM 196956. Locality and horizon as above; a — calice; b — external view.

Both, x5.

. ? Paralleynia acclinis sp. n. Specimen USNM 196957. Looality and horizon as above; a — external view of corallite

attached to branching bryozoan colony; b — calice. Both, x 5.

PLATE 18

. Lophophyllidium (Lophbillidiun) magnocolumnare sp. n. Specimen USNM 196943, Locality USNM 720e, Lower

Skinner Ranch Formation; a — transverse section, ephebic stage; b — longitudinal section. Both, x3.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196940. Locality USNM 707b, Skinner

Ranch Formation, Sullivan Peak member. Transverse section, ephebic stage, x 5.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n. Specimen USNM 196942, Locality USNM 705a, Lower

Skinner Ranch Formation. Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophbillidiuin) magnocolumnare sp. n. Specimen USNM 196948. Locality USNM 707b, Skinner

Ranch Formation, Sullivan Peak member. Transverse section, ephebic stage, x 3.

. Lophophyllidium (Lophbillidium) magnocolumnare sp. n, Specimen USNM 196939, Holotype. Locality USNM 705a,

Lower Skinner Ranch Formation; a, b — early ephebic stage, x 5; ¢ — ephebic stage, x 3; d, e — successive longitu-
dinal sections, x 3.

. Lophophyllidium (Lophbillidium?) sp. 2. Specimen USNM 196950. Locality and horizon as above; a — transverse

section; ephebic stage; b-— longitudinal section. Both, x5,

. Lophophyllidium (Lophbillidium?) sp. 2. Specimen USNM 196949, Locality and horizon as above; a, b — transverse

sections, ephebic stage, x 5.

. ? Paralleynia acclinis sp. n. Specimen USNM 196958, Locality USNM 701, Neal Ranch Formation. Transverse

section, ephebic stage, x 10.

. Lophotichium vescum MoORE and JEFFORDS, 1945, Specimen KU 57326. Paratype ( = MOORE and JEFFORDS, 1945,

fig. 66). Univ. Kansas Locality 7385, Greenleaf Lake, Oklahoma, Hale Formation, Morrowan; a — transverse section
of peripheral part of corallite; counter septum in the middle; arrangement of peripheral parts of tabulae in biform
tabularium in the case of reduction of minor septa; diagenetically altered foundations of major and minor septa seen
in peripheral part of septotheca, x30; b — transverse section, ephebic stage, x 5.

. Lophotichium rotundiseptumsp. n. Specimen USNM 196960. Locality USNM 701, Neal Ranch Formation; Transverse

sections. a — late neanic/early ephebic stage, x 5; b — early ephebic stage, x 3; ¢ -—ephebic stage, x2.
Lophotichium rotundiseptum sp. n. Specimen USNM 196962. Locality USNM 701 a3. Neal Ranch Formation; a, b —
transverse sections, ephebic stage, x 3.
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PLATE 19

. Lophophyllidium (Lophbillidium?) sp. 2. Specimen USNM 196950. Locality USNM 705a, Lower Skinner Ranch

Formation. Calice, x4.

2. Lophophyllidium (Lophbillidiuii?) sp. 2. Specimzn USNM 196949. Locality and horizon as above. External view, x 2.

10.

11,

13.
14,

15.

11.
12.

. Lophotichium rotundiseptun sp. n. Specimen USNM 196963, Locality USNM 727¢, Neal Ranch Formation; a —

cxternal view; b — calice. Both, x 2.

. Lophotichium rotundiseptus sp. n. Spzeimzn USNM 196964, Locality USNM 701 d, Neal Ranch Formation. Broken

corallite showing arrangcment of tabulae, x 2.

. Lophotichium rotundiseptum sp. n. Specim:n USNM 196964. Locality USNM 701, Neal Ranch Formation. Catice

having cardinal fossula well devcloped, x4.

. Lophotichium rotundiseptum sp. n. Specim:n USNM 196966. Locality and horizon as above; a --- external view of

corallite having four shallow rejuvenations, b — calice. Both, x 2.

. Lophotichium rotundiseptum sp. n. Spzciman USNM 197967. Locality and horizon as above; a — calice; b — polished

transverse section made just above calice floor. Both, x2.

. Lophotichium rotnumdiseptum sp. n. Specimen USNM 196968, Locality USNM 701k, Neal Ranch Formation. Calice,

x 2.

. Lophotichium rotundiseprum sp. n. Specimen USNM 196969, Locality USNM 701, Neal Ranch Formation. Juvenile

specimen; a — external view; b — calice. Both, x4.

Lophotichium rotundiseptum sp. n. Specimen USNM 196959, Holotype. Locality and horizon as above: a -- calice
having deep rejuvenation, x4; b-— external view, x2.

Lophotichium rotundiseptuni sp. n. Specimen USNM 196970, Locality and horizon as above. External view of corallite
having very deep rejuvenation at lower and shallow rejuvenation at upper portion of growth, x2,

. Lophotichium rotundiseptum sp. n. Specimen USNM 196971, Locality USNM 701k, Neal Ranch Formatioa; a —

calice, b —external view. Both, x2.

Lophotichium rotundiseprum sp. n. Specimen USNM 196972, Locality and horizon as above. Calice, x 4.
Loplotichium rotundiseptum sp. n. Specimen USNM 196973, Locality USNM 701, Neal Ranch Formation; a — calice,
x4; b—external view and calice, x2.

Lophotichium rotundiseprum sp. n. Specimen USNM 196974, Locality and horizon as above. Reversed sid: of broken
specimen showing relation of sepla to lower surface of tabula, cardinal tabular fossula (lower) and relation of tabulae
to counter gepium and columella (middle), = 06.

PLATE 20

. Lophophyllidium (Lophbillidium) sp. 1. Specimen USNM 196953, Locality USNM 705a, Lower Skinner Ranch Form-

ation. Calice having very deep axial rejuvenation, x4,

. 2 Paralleynia acclinis sp. n. Specimen USNM 196810. Holotype. Locality USNM 701d, Neal Ranch Formation; a —

external view; b — calice. Both, x5.

. ? Paralleynia acclinis sp. n. Specimen USNM 196811, Locality and horizon as above. Corallite attached 1o fenestellid

bryozoan colony; a — calice; b — external view. Both, x4.

. ? Paralleynia acclinis sp. n. Specimen USNM 196812, Locality and horizon as above; a — calice; b — external view.

Both, x5,

. ? Paralleynia acclinis sp. n. Specimen USNM [96813. Locality USNM 704, Neal Ranch Formation; a — external

view x5; b-—calice, x5; ¢-— broken tip having aulos already developed, x10.

. 7 Paralleynia acclinis sp. n. Specimen USNM 196914, Locality USNM 701 d, Neal Ranch Formation. Part of oblique

longitudinal section showing trabecular structure of septa, x 60.

. ? Paralleynia acclinis sp. n. Specimen USNM 196815, Locality USNM 701 ¢, Neal Ranch Formation: a — external

view; b — calice. Both, x 4.

. ? Paralleynia acclinis sp. n. Specimen USNM 196816. Locality USNM 701, Neal Ranch Formation; a — external

view, x4; b — broken calice showing structure of aulos and its relation to scpta of cardinal quadrants, x 6.

. ? Paralleynia acclinis sp. n. Specimzn USNM 196817. Locality and horizon as above; a — calice, x 6; b — neanic

stage with aulos not yet developed, x 10.

. ? Paralleynia acclinis sp. n. Specimen USNM 196818. Locality USNM 701d, Neal Ranch Formation; a — external

view, b — calice. Both, xS.

? Paralleynia acclinis sp. n. Specimen USNM 196819. Locality and horizon as above. Calice, x 5.
Lophotichium dugoutense sp. n. Specimen USNM 196985. Locality USNM 733j, Skinner Ranch Formation, Sullivan
Peak member; a — external view, x2; b —calice having axial rejuvenation, x4.
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. ? Paralleynia acclinis sp. n. Specimen USNM 196820. Locality USNM 70td, Neal Ranch Formation: a — calice;

b — external view. Both, x 5.

. Lophotichium dugoutense sp. n, Specimen USNM 196986. Locality USNM 733j, Skinner Ranch Formation, Sullivan

Pcak member. Calice of rejuvenated, juvenile corallite, x 10.

. Lophotichium dugoutense sp. n. Specimen USNM 196987, Locality and horizon as above. Aseptal (?) growth stage

of corallite; a — external view of specimen attached to large corallite, x 10; b — calice, x8.

. Lophotichium dugoutense sp. n. Spacim:2n USNM 196988. Locality and horizon as above. Juvenile specimen;a - calice,

x 10; b —external view, x 6.

. Lophotichium dugoutense sp. n, Specimzn USNM 196989. Locality and horizon as above; a — cxternal view, x2;

b -— calice showing four subsequent rejuvenations: innermost one aseptal, x4.

. Lophotichium dugoutense sp. n. Specimzn USNM 196978. Locality and horizon as above. Mature calice having well

developed columella, x 4.

. Lophotichium dugoutense sp. n. Specimen USNM 196981. Locality and horizon as above: a — external view, x2;

b — calice having counter scptum almost equal to other major septa, x4.

Lophotichium dugoutense sp. n. Specimen USNM 196990. Locality USNM 738r, Cibolo Formation, Breccia Zone;
a — external view, x2; b — calice, x4.

Lophotichium dugoutense sp. n. Specimen USNM 196991, Locality USNM 733j, Skinner Ranch Formation, Sullivan
Peak mzmber. Juvenile specimen; a — calice, x4; b — external view showing very deep rejuvenation, x 2.

PLATE 21

. Lophotichium vescum MoORE and JEFFORDS, 1945. Specimen KU 57352. Paratype. Univ. Kansas locality 7385, Green-

leafe Lake, Oklahoma. Hale Formation, Morrowan. Housed in the Kansas University Muscum. Transverse sections;
a — late neanic/early ephebic stage ; contratingent minor septa present at all but last major septa in quadrants; cardinal
septum very long, x 30; b — late ephebic stage, X 5; ¢ — fragment of fig. | b showing carinaz-like modifications of
major septa on both sides of counter septum, x 60.

. Lophotichium vescum MOORE and JEFrorps, 1945. Specimen KU 57330. Paratype. Locality, horizon, and depository

as above. Transverse section, ephebic stage, x 5.

. Lophotichium vesciim MoOORE and JErrForDS, 1945. Specimen KU 57333, Paratype. Locality, horizon, and depository

as above; a—transverse section, carly ephebic stage; ..interruptions’ and ..duplications” ol countci-lateral minor scpta
resulted from their strong waviness near or at some tabulae; b — longitudinal section showing counter-lateral minor
septa .interrupted” and strongly bent columella (lower part). Both, x 30.

PLATE 22

. Lophotichium dugoutense sp. n. Specimzn USNM 196975. Holotype. Locality USNM 733}, Skinner Ranch Formaticn,

Sullivan Peak member. Transverse scction of rejuvenated corallite having carly ephebic morphology, x 5.

. Lophotichium dugoutense sp. n. Specim:n USNM 196992. Locality and horizon as above. Transverse section, ephebic

stage, xS5.

. Lophortichium dugoutense sp. n. Specimen USNM 196882, Locality and horizon as above. Transverse section of reju-

venated corallite having late neanic morphology, x5.

. Lophotichium dugoutense sp. n. Specimen USNM 196983, Locality and horizon as above. Transverse section, ephebic

stage, x3S.

. Lophotichium dugoutense sp. n. Specimen USNM 196976. Locality USNM 728e, Lower Bone Spring Formation.

Transverse section, ephebic stage, x 10.

. Lophotichium dugoutense sp. n. Specimen USNM 196981. Locality USNM 733j, Skinner Ranch Formation, Sullivan

Peak member. Transverse section of lateral rejuvenation, ephebic stage, x 3.

. Lophotichium sinudatum sp. n. Specimen USNM 197020. Locality and horizon as above. Transverse section, ephebic

stage, x 5.

. Lophotichium simulatum sp. n. Specimen USNM 197012, Locality USNM 728¢, Lower Bone Spring Formation.

Transverse section, ephebic stage, x 5.

. Lophotichium simulatum sp. n. Specimen USNM 197921, Locality and horizon as above. Transverse section, ephebic

stage, x5.
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11.
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16.
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18.
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22.

23.

24.

25.

26.

—_—

Lophotichium simulatum sp. n. Specimen USNM 197013, Locality USNM 705a, Lower Skinner Ranch Formation;
a, b —successive transverse sections, ephebic stage, x 5.

Lophotichium simulatum sp. n. Specimen USNM 197018, Locality USNM 733, Skinner Ranch Formation, Sullivan
Peak member. Transverse section, ephebic stage, x 3.

. Lophotichium simulatun sp. n. Specimen USNM 197022. Locality USNM 7281, Cibolo Formation, Breccia Zone;

a, b —successive transverse sections, ephebic stage, x 5.

. Lophotichium simulatum sp. n. Specimen USNM 197016, Locality USNM 702d. Hess Ranch Formation, Taylor

Ranch member. Transverse section, ephebic stage, x 3.

Lophotichium simulatum sp. n. Specimen USNM 197023. Locality USNM 707w, Skinner Ranch Formation, Decie
Ranch member. Transverse section, ephebic stage, x 5.

Lophotichium simulatum sp. n. Specimen USNM 197024. Locality USNM 720e, Lower Skinner Ranch Formation.
Transverse section, ephebic stage, xS.

Lophotichium simulatum sp. n, Specimen USNM 197025, Locality and horizon as above. Transverse section, ephebic
stage, XS5. :

Lophotichium simulatum sp. n. Specimen USNM 197026, Locality and horizon as above. Transverse section, ephebic
stage, x35.

Lophotichium simulatum sp. n. Specimen USNM 197010. Locality and horizon as above. Transverse section, ephebic
stage, xS5.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197056. Locality USNM 705a, Skinner Ranch
Formation, base of Scacchinella beds; a — transverse section, x 3; b — longitudinal section, x 5.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197050. Locality and horizon as above. Trans-
verse section, early ephebic stage, xS5.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197050. Locality and horizon as above. Trans-
verse sections; a — just beneath calice; coarsely recrystallized axial area is bordered by sections of tabulae (compare
fig. 60:1¢), x3; b — ephebic stage having commensal organism tube in axial area, x35.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM [97057. Locality and horizon as above. Trans-
verse section, ephebic stage, x3.5.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197049, Locality and horizon as above. Longi-
tudinal section, x 3.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197046. Locality and horizon as above. Trans-
verse section, ephebic stage (compare fig. 61:1a), x 3.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197058. Locality and horizon as above.
Transverse section, ephebic stage, x3.5.

Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen YPM 21815, Holotype. Locality 68, Leonox Hills
Formatiop. Transverse section, ephebic stage, x 10.

PLATE 23

. Lophotichium dugoutense sp. n. Specimen USNM 196993, Locality USNM 733j, Skinner Ranch Formation, Sullivan

Peak member. Juvenile corallite; a — external view of corallite attached to brachiopod shell; b — calice having four
(?7) septa already inserted. Both, x8.

. Lophotichium dugoutense sp. n. Specimen USNM 196994, Locality and horizon as above. Rejuvenated calice having

mature morphology, x5.

. Lophotichium dugoutense sp. n. Specimens USNM 196995a, b. Locality and horizon as above. Two corallites attached

to bryozoan colony; a — calice of corallite ,,a” having counter septum distinctly elongated, x 5; b — broken, rejuven-
ated calice of corallite ,b”, x4.

. Lophotichium dugoutense sp. n. Specimen USNM 196996. Locality and horizon as above. Calice having very deep

axial rejuvenation of early neanic morphology, x6.

. Lophotichium dugoutense sp. n. Specimen USNM 196997, Locality and horizon as above. Calice of juvenile corallite,

x 10.

. Lophotichium dugoutense sp. n. Specimen USNM 196998. Locality and horizon as above. Calice of ephebic corallite

having counter septum weakly developed, x4.

. Lophotichium dugoutense sp. n. Specimen USNM 196999. Locality and horizon as above. Calice; very deep, almost

aseptal, axial rejuvenation, x 6.

. Lophotichium dugoutense sp. n. Specimen USNM 197000. Locality and horizon as above. Calice, x4.
. Lophotichium dugoutense sp. n. Specimen USNM 197001, Locality and horizon as above. Juvenile corallite. Inner
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surface of calice wall showing relation of foundations of septa to their blades and disappearance of minor septa. Car-
dinal septum left, x6.

. Lophotichium dugoutense sp. n. Specimen USNM 196976. Locality USNM 728¢, Lower Bone Spring Formation;

a — calice having deep axial rejuvenation, x4; b —external view, x2.

. Lophotichium dugoutense sp. n. Specimen USNM 197002, Locality USNM 733j, Skinner Ranch Formation, Sullivan

Peak member. Partly broken calice having laterally-axial rejuvenation, x4.

. Lophotichium dugoutense sp. n, Specimen USNM 197003. Locality and horizon as above. Slightly broken calice,

ephebic stage, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197011, Locality USNM 720e, Lower Skinner Ranch Formation.

Calice, x 4.

. Lophotichium dugoutense sp. n. Specimen USNM 197005. Locality USNM 733j, Skinner Ranch Formation, Sullivan

Peak member. Calice margin showing union of some septa, x8.

. Lophotichinm dugoutense sp. n. Specimen USNM 197006. Locality and horizon as above. Juvenile corallite attached

to bryozoan colony, x2.

. Lophotichium simulatum sp. n. Specimen USNM 197027, Locality USNM 728h, Lower Bone Spring Formation;

a — calice; b —external view, Both, x4,

. Lophotichium simulatum sp. n. Specimen USNM 197015, Locality USNM 728e, Lower Bone Spring Formation. Ca-

lice, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197029. Locality USNM 720e, Lower Skinner Ranch Formation;

a — calice (cardinal septum upwards), x4; b-—external view, x2.

. Lophotichium simulatum sp. n. Specimen USNM 197030, Locality USNM 7221, Skinner Ranch Formation. Sullivan

Peak member. Calice floor, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197025, Locality USNM 720e, Lower Skinner Ranch Formation.

Calice having oflset connected to two old major septa, x4.

PLATE 24

. Lophotichium simulatum sp. n. Specimen USNM 197031, Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak member. Calice (cardinal septum upper left), x6.

. Lophotichium simulatum sp. n. Specimen USNM 197032. Locality and horizon as above; a — calice, x4; b — calice

margin showing equal development of foundations of major and minor septa, disappearance of the latter and shape of
upper margins of major septa, xG6.

. Lophotichium simulatum sp. n. Specimen USNM 197028. Locality USNM 733j, Skinner Ranch Formation, Sullivan

Peak member. Calice, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197033. Locality USNM 728e, Lower Bone Spring Formation;

a — calice having deep axial rejuvenation; b — external view. Both, x2.

. Lophotichium simudatum sp. n. Specimen USNM 197034. Locality USNM 728f, Lower Bone Spring Formation;

a —external view, x2, b—calice, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197035. Locality USNM 728¢, Lower Bonc Spring Formation. Calice

floor, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197036. Locality USNM 707 ha, Skinner Ranch Formation, Poplar

Tank member. Corallite attached to brachiopod shell; a — inner side of calice wall; septa of corallite follow pattern
of external sculpture of brachiopod shell; b —calice. Both, % 4.

. Lophotichium simulatum sp. n. Specimen USNM 197037. Locality USNM 733j, Skinner Ranch Formation, Sullivan

Peak member. a — external view, x 2; b — calice, x4; ¢ — very young (aseptal) corallite attached to the older one,
x 8.

. Lophotichium simulatum sp. n. Specimen USNM 197038, Locality and horizon as above. Calice having deep lateral

rejuvenation, x4.

. Lophotichium simulatum sp. n, Specimen USNM 197039, Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak member. Calice; biform arrangement of tabulae well marked in rejuvenated part, x4.

. Lophotichium simulatum sp. n. Specimen USNM 197007. Holotype. Locality and horizon as above; a — external

surface showing increase of septa furrows; b —-calice having young corallite attached to septum. Both, x4.

. Lophotichium simudatum sp. n. Specimen USNM 197040, Locality USNM 720e. Lower Skinner Ranch Formation.

External view, x2,

. Lophotichium simulatum sp. n. Specimen USNM 197041. Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak member. Broken corallite showing tabulae in Position 1T and slightly amplexoid character of major septa, x 4.

17 — Palaeontnlogia Polonica 48
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14,

15.

Lophotichium simulatum sp. n. Specimen USNM 197020. Locality USNM 733j, Skinner Ranch Formation, Sullivan
Peak member. Slightly broken calice, x 4.

Lophotichium simulatunt <p. n. Speccimen USNM 197042, Locality USNM 7221, Skinner Ranch Formation, Sullivan
Peak member. Calice floor, x 4.

PLATE 25

. Assimulia (Assimulia) rergida (Ross and Ross, 1962). Specimen USNM 197059. Locality USNM 705a, Skinner Ranch

Formation, base of Scacchinella beds; a — external view; b — calice. Both, x2.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197053. Locality and horizon as above. Calice,

x 4.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197060. Locality and horizon as above. Calice

having very shallow rejuvenation, x 4.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197051, Locality and horizon as above; a —

external view, x2: b — calice, x2.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197061. Locality and horizon as above; a —

external view of slightly abraded corallite; b — calice. Both, x2.

. Assimulia (Assimudia) tergida (Ross and Ross, 1962). Specimen USNM 197062, Locality and horizon as above. Calice

having axial rejuvenation, x 2.

. Assimulia (Assinudia) rergida (Ross and Ross, 1962). Specimen USNM 197055. Locality and horizon as above. Calice,

x4,

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197063, Locality USNM 707a, Skinner Ranch

Formation, Decic Ranch member; a — external view of corallite attached to tabulate coral colonv: b — calice.
Both, x4.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197064, Locality USNM 705a, Skinner Ranch

Formation, base of Scacchinella beds. External view and calice, x 2.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197065, Locality USNM 727f, Upper Skinner

Ranch Formation. Longitudinally broken corallite showing biform arrangement of tabulae, x4.

. Assimulia (Assimudia) tergida (Ross and Ross, 1962). Specimen USNM 197054, Locality USNM 732e, Skinner Ranch

Formation, Dugout Mountain member; a — calice x 6, b-—external view, x2.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197047. Locality USNM 702d, Hess Forma-

tion, Taylor Ranch member. Calice, x 4.

. Assimulia (Assimulia) tergida (Ross and Ross, 1962). Specimen USNM 197066, Locality USNM 705a, Skinner Ranch

Formation, base of Scacchinella beds; a — calice; b — external view. Both, x2.

. Assimulia (Assimulia) arta sp. n. Specimen USNM 197068. Locality USNM 706x, Neal Ranch Formation. External

view, X 2.

. Assimulia (Assimulia) arta sp. n. Specimen USNM 197067, Holotype. Locality and horizon as above. Transverse

section of peripheral part of corallite; double rows of trabeculae in external parts of septa become either united in
single rows or one row of trabeculae disappears innerwards, x 20.

. Assimulia (Assimulia) abscessa sp. n. Specimsn USNM 197074, Locality USNM 7221, Skinner Ranch Formation,

Sullivan Peak member. External view and calice having peculiar rejuvenation or containing strange young corallite, x 6.

. Assimulia (Assimulia) abscessa sp. n. Specimen USNM 197075, Locality USNM 707b, Skinner Ranch Formation,

Sullivan Peak member; a — external view, x2; b — young corallite developed in calice of older one, x6.

PLATE 26

. Assimulia (Assimulia) arta sp. n. Specimen USNM 197067, Locality USNM 706x, Neal Ranch Formation. Transverse

section, ephebic stage, x2.

. Assimulia (Assimulia) abscessa sp. n. Specimen USNM 197069. Holotype. Locality USNM 707b, Skinner Ranch

Formation, Sullivan Peak member; a — transverse section; ephebic stage, b. ¢ — periaxial and axial longitudinal
sections. All, xS5.
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Assimulia (Assimudia) abscessa sp. n. Specimen USNM 197076. Locality USNM 70Sa, Skinner Ranch Formation,
base of Scacchinella beds; a — transverse section, ephebic stage; b — longitudinal section. Both, x 5.

Assinudia (Assimudia) abscessa sp. n. Specimen USNM 197073, Locality USNM 728e, Lower Bone Spring Formation;
a-—c — transverse sections, ephebic stage, x 5.

Assimulia (Assimulia) abscessa sp. n. Specimen USNM 197077, Locallty USNM 707b, Skinner Ranch Formation,
Sullivan Peak member. Transverse section, ephebic stage, x 5.

Assimulia (Assimulia) abscessa sp. n. Specimen USNM 197078. Locality and horizon as above. Transverse section,
ephebic stage, x 5.

Assimulia (Assimulia) abscessa sp. n. Specimen USNM 197072. Locality and horizon as above. Transverse section,
ephebic stage, x 5.

Assimulia (Assimulia) abscessa sp. n. Specimen USNM 197070. Locality and horizon as above; a, b — transverse
sections, ephebic stage; ¢ — longitudinal section, x 5; d — longitudinal section of peripheral part of corallite showing
mutual relations of major and minor septa and septal carinae (?), x20.

. Assimulia { Assimulia) flexibilis sp. n. Specimen USNM 197080. Locality USNM 728f. Lower Bone Spring Formation.

Transverse sections; a — late ephebic stage: b — ephebic stage. Both, x 0.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197090. Locality and horizon as above. Transverse section,
ephebic stage, x 0.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197089. Locality and horizon as above. Transverse scction,

_ephebic stage, x 10.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM [97088. Locality and horizon as above: a, b — transverse
sections, ephebic stage, x 10.

PLATE 27

I Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197091. Locality USNM 7281 |.ower Bone Spring Formation.

N

=

© N

b

15.
16.

17.

18.

17+

Ontogenctically youngest part of corallite showing lack of septal furrows lowermost and occurrence of six septa in
broken tip. x10. :

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197083. Holotype. Locatity and horizon as above: a — external

view, x4; b—calice, x4.

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197085, Locality USNM 728 h, Lower Bone Spring Formation:

a —calice, x 6; b —external view, x4.

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197086. Locality USNM 728f, Lower Bone Spring Formation.

Calice. x 4.
Assimulia (Assimulia) flexibilis sp. n. Specimen USNM [97092. Locality and horizon as above. Calice, x 4.

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197093. Locality and horizon as above. Calice, x4.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197089. Locality and horizon as above: a — calice, x4;
b —external view, x2.

Assimulia (Assimudia) flexibilis sp. n. Specimen USNM 197094, Locality and horizon as above; a — calice, x'4;
b — external view, x 2. :

Assimulia (Assimulia) flexibilis sp. n. Specimzn USNM 197090. Locality and horizon as above. Calice, x 4.

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197095. Locality and horizon as above: a — external view, x 4;

b — calice having two shallow periaxial rejuvenations and very deep axial rejuvenation, x 4.

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197096. Locality and horizon as above. External view of corallite

rapidly reducing its diameter, x 4.

. Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197097. Locality and horizon as abovc Young corallite de-

veloped inside large calice, x 8.

. Assimulia (Assimulia) flexibilis sp. n. Specimzn USNM 197098. Locality and horizon as above. External view of corallite

having strong attachment processes, x 4.

. Assimulia (Assimulia) flexibilis sp. n. Specim=n USNM 197099. Locality and horizon as above; a — external view of

corallite having strong attachment processes; b — calice. Both, x 4.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197100. Locality and horizon as above. Calice, x 4.
Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197101, Locality and horizon as above; a — calice having
axial area protruded a little; b — external view. Both, x4.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197102, Locality and horizon as above: a — external view,
x 2: b —rejuvenated calice, x4.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197103. Locality and horizon as above; a — external view;
b — calice. Both, x4,
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19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197104, Locality and horizon as above. Calice showing biformity
of tabularium well accentuated, x4,

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197105, Locality and horizon as above; a — external view;
b — calice. Both, x4.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197106. Locality and horizon as above. Calice, x4.
Assinmudia (Assimulia) flexibilis sp. n. Specimen USNM 197107. Locality and horizon as above. Calice, x4.
Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197082, Locality and horizon as above. Calice, x 4.
Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197108. Locality and horizon as above. Calice, x4.
Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197109, Locality and horizon as above. Corallite attached to
brachiopod shell, x2.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197110. Locality and horizon as above. Calice floor showing
distinct biformity of tabularium, X 6.

Assimulia (Assimulia) Hexibilis sp. n. Specimen USNM 197111. Locality USNM 705a, Skinner Ranch Formation,
base of Scacchinella beds. Juvenile specimen. Calice having axial area protruded, x 6.

Assimulia (Assimulia) flexibilis sp. n. Specimen USNM 197112, Locality USNM 7221, Skinner Ranch Formation,
Sullivan Peak member. Calice floor, x4,

PLATE 28

. Assimulia (Assimudia) frequentis sp. n. Specimen USNM [97116. Locality USNM 728e, Lower Bone Spring Formation ;

a — calice, x 3; b, ¢ — external view; strong attachment surface in lower and rapid narrowing of diameter in middle
part of corallite, x2.

. Assimulia (Assimulia) frequentis sp. n, Specimen USNM 197122, Locality and horizon as above. Calice having three

subsequent rejuvenations, xS.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197123, Locality and horizon as above; a -— external view,

x 3; b— lower part of corallite enlarged to show attachment to its own tip, x6; ¢ — calice, x4.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197124, Locality and horizon as above. Calice showing shallow

rejuvenation and cardinal septum dominating, x 4.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197113, Holotype. Locality and horizon as above; a — calice

showing slight domination of cardinal septum, x4; b —external view, x4.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197125. Locality and horizon as above ; a — external view, x 2;

b — calice having deep axial rejuvenation; septa of old calice retained in new one, x4.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197126. Locality and horizon as above. Juvenile corallite;

a — calice; b —external view. Both, x6.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197127, Locality and horizon as above. Calice having cardinal

septum indistinguishable, x4.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 1971 15. Locality and horizon as above; a — cluster of juvenile

corallites attached 10 mature one, x2; b —two very young corallites; external view of larger one (upper right) and
calice of aseptal (?) one (middle left), x10.

. Assimulia (Assimulia) compacta sp. n. Specimen USNM 197130. Locality and horizon as above ; a — calice of offsetting

specimen showing arrangement of septa in hystero-neanic stage (upper right), x 10; b — view of calice of offsetting
specimen, x 4; ¢ — basal platform of offset that has only started its growth (upper middle) and its relation to atavo-
septa, x10.

. Assimulia (Assimulia) compacta sp. n. Specimen USNM 197129, Locality USNM 728f, Lower Bone Spring Formation;

a, b —external view of two sides of corallite having very strong attachment surface, x2.

PLATE 29

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197116. Locality USNM 728e, Lower Bone Spring Formation

Transverse section, ephebic stage, x 10,

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197114, Locality USNM 714p, Lower Skinner Ranch Form-

ation. Transverse section, ephebic stage, x 10,



UPPER PALAEOZOIC RUGOSE CORALS 261

. Assinudia (Assimulia) frequentis sp. n. Specimen USNM 197121. Locality USNM 720e, Lower Skinner Ranch Form-

ation; a, b —transverse sections, ephebic stage, x 10.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197113. Holotype. Locality USNM 728e, Lower Bone Spring

Formation. a, b — transverse sections, ephebic stage, x10.

. Assimulia (Assimulia) frequentis sp. n. Specimen USNM 197115, Locality and horizon as above. Transverse section,

ephebic stage, x 10.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197141. Locality USNM 722h, Skinner Ranch Formation, Sullivan

Peak member. Transverse sections; a, b—ephebic stage; ¢ — deep peripheral rejuvenation showing neanic morphology.
All, x 5.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197138, Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak member. Transverse sections; a — late neanic/early ephebic stage; b, ¢ —ephebic stage. All, x35.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197134. Locality and horizon as above. Transverse sections; a —

early ephebic stage; b —ephebic stage. Both, x5.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197142. Locality and horizon as above. Transverse sections; a —

carly ephebic stage, x5; b — ephebic stage, x10; ¢ — ephebic stage, x 5.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197135, Locality and horizon as above. Transverse section, ephebic

stage, x5,

PLATE 30

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197140. Holotype. Locality USNM 7221, Skinner Ranch Formation,

Sullivan Peak member; a— transverse section, ephebic stage, x 5; b—carinae-like structure of septum in longitudinal
section, x S0.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197132. Locality and horizon as above; a, b — transverse sections,

ephebic stage; ¢ — longitudinal section. All, x 5.

. Assimuldia (Ericina) fracta sp. n. Specimen USNM 197143. Locality and horizon as above. Transverse section, ephebic

stage, x 5.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197144. Locality and horizon as above. Transverse section, ephebic

stage, x35.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197158. Locality USNM 728¢, Lower Bone Spring Formation,

Transverse sections; a — axial rejuvenation; b — ephebic stage. Both, x5.

. Assinuilia (Ericina) recrea sp. n. Specimen USNM 197156. Locality and horizon as above. Transverse sections; a —

ephebic stage; b — stage of growth having major septa withdrawn from corallite axis (compare fig. 73:1c¢). Both, x 5.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197151, Holotype. Locality and horizon as above; a, b — transverse

sections, early neanic stage, % 20; ¢ —early ephebic stage, x 5; d — ephebic stage, x 5; e — longitudinal axial section,
x 5.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197161, Locality and horizon as above. Transverse sections. a —

ephebic stage; b — calice (lower) and continued to growth part of corallite (upper right). Both, x 5.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197157, Locality USNM 707b, Skinner Ranch Formation, Sullivan

Peak member. Transverse section, ephebic stage, x 5.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197163. Locality and horizon as above. Transverse section, ephebic

stage, xS5.

. Assimulia (Erictna) recrea sp. n. Specimen USNM 197162. Locality USNM 728¢. Lower Bone Spring Formation.

Transverse section, ephebic stage, x 5.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197155, Locality USNM 722 h, Skinner Ranch Formation, Sullivan

Peak member. Transverse section, ephebic stage, x 5.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197160. Locality USNM 728e, Lower Bone Spring Formation.

Transverse section, ephebic stage, x 5.

. Assinudia (Assimulia) sp. |. Specimen USNM 197131, Locality USNM 7221, Skinner Ranch Formation, Sullivan Peak

member. Transverse section, ephebic stage, x 5.

. Paraduplophyllum (Paraduplophyllum) oppositum sp. n. Specimen USNM 197179. Locality 702d, Hess Formation,

Taylor Ranch member. Transverse sections; a — rejuvenation having early ephebic morphology; b — ephebic stage.
Both, xS.

. Paraduplophyllum (Paraduplophylium) oppositum sp. n. Specimen USNM 197180. Locality and horizon as above,

Transverse section, early ephebic stage, x5,
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. Paraduplophyllum (Paraduplophylium) oppositim sp. n. Specimen USNM 197176, Holotype. Locality and horizon as

above. Transversc section, cphebic stage. x 5.

. Paraduplophyllum (Paraduplophyllum) oppositunt sp. n. Specimen USNM 197181, Locality and horizon as above.

Transverse sections of rejuvenated corallite; a — early ephebic morphology: b — ephebic morphology. Both, xS.

PLATE 31

. Assimudia (Assimulia) compacta sp. n. Specimen USNM 197128. Holotype. Locality USNM 728f, Lower Bone Spring

Formation: a — calice having deep lateral rejuvenation, x 4; b — polished surface of section made just beneath calice
floor. showing morphology in transmitted light directed through calice, x4:. ¢ —external view, x2.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197145, Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak member; a — calice having axial rejuvenation, x4; b — external view, x 2.

. Assimulia (Ericina) fracta sp. n. Specimen USNM [97146. Locality and horizon as above; a, b — external view of

curved corallite having strong attachment processes on its convex side; b — deep axial rejuvenation. All, x 2.

. Assimulia (Evicina) fracta sp. n. Specimen USNM 197140. Holotype. Locality and horizon as above; a — very deep

calice focused on its floor to show slight domination of counter septum and its connection to cardinal septum, x 4;
b —external view, x2.

. Assimulia (Ericina) fracta sp. n, Specimen USNM 197150. Locality USNM 721, Lowcr Hueco Formation, Calice

having counter septum elongated a little, x 4.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197139, Locality 7221, Skinner Ranch Formation, Sullivan Peak

member ; a — lower part of broken calice, x 5; b — lragment ol the above cnlarged to show morphology of scpta, x 10.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197147, Localitv and horizon as above. Broken corallite showing

relation of slightly amplexoid septa to flat, axial portions of tabulae, x4.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197148, Locality and horizon as above. Series of shallow rejuven-

ations in slightly broken calice, x 4.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197144, Locality and horizon as above. Lower portion of broken

calice, x4.

. Assimulia (Ericina) fracta sp. n. Specimen USNM 197132, Locality and horizon as above: a — external view, x2;

b — slightly broken calice, x 4.

. Assimulia (Evicing) fracta sp. n. Specimzn USNM 197149, Locality and horvizon as abovc; a — calicc, <4; b -—

external view of corallite strongly attached to brachiopod shell. x 2.

PLATE 32

. Assimulia (Evicina) recrea sp. n. Specimen USNM 197164. Locality USNM 728e, Lower Bone Spring Formation.

Several successive rejuvenations leading to reduction of corallite morphology down to aseptal stage, x6.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197165, Locality and horizon as above. External view of corallite

having strong attachment processes: uppermost one attached 1o corallite’s own surface near its tip, x 4.

. Assimulia (Ervicing) recrea sp. n. Specimen USNM 197156. Locality and horizon as above; a, b — scolecoid corallite

rejuvenated in different portions ol its growth, x 2.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197166. Locality and horizon as above. Calice of juvenile corallite,

x4,

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197167, Locality and horizon as above: a — calice having very

deep axial rejuvenation, x 2; b -— external view of corallite attached to brachiopod shell, x 2: ¢ — rejuvenated calice
(enlarged from 5a) showing further rejuvenations leading to appearance of neanic morphology, x 10.

. Assimulia (Ericina) recreu sp. n. Specimen USNM 197168. Locality and horizon as above: a — calice showing several

rejuvenations, x 2. b — external view, x2; ¢ — youngest rejuvenation (enlarged from fig. 6a) showing zaphrentoid
arrangement of septa, x 10.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197151, Holotype. Locality and horizon as above; a — calice having

several rejuvenations; b — external view; attachment processes (lower Icft) developed up to middle part of corallite
length. Both, x2. .

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197169, Locality and horizon as above; a — external view showing

increase of septal furrows; b — calice having scries of lateral rcjuvenations. Both, x4,
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. Assimulia (Ericina) recrea sp. n. Specimen USNM 197170, Locality and horizon as above; a — calice having very

deep laterally-axial rejuvenation, x2; b — rejuvenated part of corallite enlarged to show first trial of rejuvenation,
enclosing large portion of calice (upper) by formation of skeletal element connecting inner ends of major septa, and
incorporation of three atavo septa in second rejuvenation, x 10.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197171, Locality and horizon as above. Calice of juvenile corallite,

X 6.

. Assimulia (Ericina) recrea sp. n. Spscimen USNM 197172, Locality and horizon as above. Broken calice showing

morphology of series of rejuvenations near calice floor, X 6.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197173, Locality and horizon as above; a — calice having several

lateral and axial rejuvenations, x4; b — lateral view, x4; ¢ — youngest rejuvenation showing reduction of septal
apparatus down te aseptal stage, x10.

PLATE 33

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197174, Locality USNM 728e, Lower Bone Spring Formation;

a —external view x2; b—calice having incipient stage of axial and lateral (lower right) rejuvenation, x 4.

. Assimulia (Ericina) recrea sp. n. Specimen USNM 197175, Locality and horizon as above. Juvenile corallite; a — exter-

nal view; septal furrows are absent lowermost; b — calice having aseptal rejuvenation. Both, x4.

. Assinuilia (Assimmulia) sp. 1. Specimen USNM 197131, Locality USNM 7221, Skinner Ranch Formation, Sullivan

Peak member. Calice, x2.

. Paraduplophyllum (Paraduplophy!lum) oppositum sp. n. Specimen USNM 197182, Locality and horizon as above.

Calice floor, x4.

. Paraduplophyllum (Paraduplophyllum) oppositum sp. n. Specimen USNM 197183. Locality USNM 702d, Hess Form-

ation, Taylor Ranch member. Calice having peculiar kind of lateral rejuvenation (upper part), x2.

. Paraduplophyllum (Paraduplophyllum) oppositum sp. n. Specimen USNM 197184, Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member. Calice floor showing great difference in arrangement of tabulae in two po-
sitions, x 6.

. Paraduplophyllum (Paraduplophyllum) oppositum sp. n. Specimen USNM 197185, Locality USNM 702d, Hess Form-

ation, Taylor Ranch member; a — external view; b — calice showing foundations of major and minor septa equally
developed on its margin, disappearance of minor septa in its inner zone, and development of long, contratingent
minor septa on its floor, x4.

. Paraduplophyllum (Paraduplophyllum) oppositum sp. n. Specimen USNM 197186. Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member. Calice of juvenile corallite, x8.

. Paraduplophyllum (Paraduplophyllum) oppositum sp. n. Specimen USNM 197187, Locality USNM 722h, Skinner

Ranch Formation, Sullivan Peak member. Calice floor, x6.

. Paraduplophylium (Paraduplophylluni) oppositum sp. n. Specimen USNM 197188. Locality USNM 722}, Skinner

Ranch Formation, Sullivan Peak member. Juvenile corallite; a, b — external view, x4; ¢ — calice, x 6.

. Paraduplophyliuim (Paraduplophyllum) oppositum sp. n. Specimen USNM 197189. Locality and horizon as above;

a — calice, x 6, b —external view, x4.

. Paraduplophyllum (Paraduplophyllum) multiplicatum sp. n. Specimen USNM 197192. Locality and horizon as above.

Calice floor, x4.

- Paraduplophylium (Vacoea) nealranchense sp. n. Specimen USNM 197278, Locality USNM 727¢, Neal Ranch Form-

ation. Fragment of upper portion of calice wall showing absence of septal blades, x 6.

. Paraduplophyllum (Vacoea) nealranchense sp. n. Specimen USNM 197277. Holotype. Locality USNM 701k, Neal

Ranch Formation; a — calice floor, x4; b-—calice margin, x4; ¢ —external view, x2.

. Paraduplophyllum (Vacoea) nealranchense sp. n. Spzcimzn USNM 197280. Locality and horizon as above. Calice

having counter septum protruded, x 4.

. Paraduplophyllum (Vacoea) nealranchense sp. n. Specim~n- USNM 197281, Locality and horizon as above ; a — external

view: b — calice. Both, x4.

. Paraduplophythuom (Vacoea) nealranchense sp. n. Spzeimen USNM 197282, Locality and horizon as above. Calice of

juvenile corallite attached inside calice of mature one, x4.

. Paraduplophyllum (Vacoea) nealranchense sp. n. Spaecimzn USNM 197279. Locality USNM 701, Ncal Ranch Forma-

tion. Calice, x4,

. Paraduplophyllum (Vacoea) nealranchense sp. n. Specimen USNM 197283, Locality USNM 701 k, Neal Ranch Form-

ation; a -—external view of corallite attached to brachiopod shell, x 3; b — calice having cardinal septum prominent,
x 4. :
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20.

21.

]

14.

15.

18.

20.

Paraduplophyllum (Vacvea) nealranchense sp. n. Specimen USNM 197284, Locality and horizon as above. Juvenile
corallite; a — calice; b —external view. Both, x4.

Paraduplophyllum (Vacoea) nealranchense sp. n. Specimen USNM 197285. Locality USNM 701. Neal Ranch Form-
ation. External view of corallite coiled in its juvenile portion, x 4.

PLATE 34

. Paraduplophyllum (Vacoea) nealranchense sp. n. Specimen USNM [97286. Locality USNM 721g, Upper Neal Ranch

Formation. Juvenile corallite; a — calice; b — exiernal view. Both, x6.

. Paraduplophyllum (Vacoea) nealranchense sp. n. Specimen USNM 197275, Locality USNM 701k, Neal Ranch Form-

ation; a — calice x6; b —external view, x4,

. Paraduplophyllum (Vacoea) nealranchense sp. n. Specimen USNM 197276. Locality and horizon as above; a — calice;

b — external view of corallite attached to bryozoan colony. Both, x 6.

. Paraduplophytlum (Vacoea) tubaeformis tubaeformis subsp. n. Spccimen USNM 197205, Locality USNM 7281, Lower

Bone Spring Formation; a — external view; b — calice. Both, x4,

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197206. Locality and horizon as above.

Juvenile corallite; a — calice; b, c — external view, All, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197207. Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member. Juvenile corallite attached to one more advanced in growth; a — calice
floor; b — external view. Both, x6.,

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197208, Locality USNM 728f, Lower

Bone Spring Formation. Some septa of juvenile corallite are cemented directly to brachiopod shell, which it is attached
to, x8.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197209. Locality and horizon as above.

Juvenile corallite; a — calice having axial area distinctly protruded, x 6; b — external view expressing lack of septal
furrows, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaefornmis subsp. n. Specimen USNM 197210. Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member. Juvenile corallite having calice floor flat, x4,

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 19721 1. Locality USNM 728[, Lower

Bone Spring Formation. Juvenile corallite attached to brachiopod shell; a — calice; b — external view. Both, x 4.

. Paraduplophylluin (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197212, Locality USNM 728h,

Lower Bone Spring Formation. Juvenile corallite. Calice having its floor almost regularly convex, x 6.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197213, Locality USNM 7281, Lower

Bone Spring Formation. External view of juvenile corallitc having coiled tip without septal furrows and strong deve-
lopment of the latter at its upper portion, x4.

. Paraduplophyllum (Vacoea) tubaeformnis tubaeformis subsp. n. Specimen USNM 197214, Locality USNM 728h,

Lower Bone Spring Formation. Juvenilc corallite; a — broken tip, x 15; b — calice, x 10; ¢ — cxternal view, x 0.
Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197215, Locality and horizon as above.
Juvenile corallite having deep septal furrows above tip; a — calice; b — external view. Both, x4.
Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp.n. Specimen USNM 197216. Locality USNM 728f, Lower
Bone Spring Formation. Juvenile corallite; a — calice having flat floor; b — external view. Both, x4.

. Paraduplophyllunm (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197217. Locality and horizon as above;

a — calice floor showing arrangement of major and minor septa and two positions of tabulae. Position IT best seen at
counter septum (upper); b — external view of strongly bent corallite attached to its own tip; ¢ — increasc of septal
furrows (uppermost); d — increase of septa corresponding to those furrows. Note much greater length of septal blades
when compared to length of their lurrows. All, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197218. Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member. Calice of juvenile corallite having foundations of septa very well developed,
x 4.

Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197219. Locality USNM 728f. Lower
Bone Spring Formation; a — calice having weak foundations of minor septa, blades of which are absent, x4; b —
external view; arrangement of septal furrows strongly altered by attachment to cylindrical object, x2.

. Paraduplophyllum (Vacoea) tubaeformis tubacformis subsp. n. Specimen USNM 197220. Locality USNM 728h,

Lower Bone Spring Formation. Mature corallite; a -— calice, b —external view. Both, x4.
Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197221, Locality and horizon as above,
Calice of mature corallite, x 4.
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. Paraduplophyllum (Vacoea) tubaeformis tubaeforimis subsp. n. Specimen USNM 197222. Locality USNM 728f, Lower

Bone Spring Formation. Juvenile corallite; a — calice having axial area highly protruded (counter septum left) x §;
b — external view and calice margin, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197202. Holotype. Locality and hori-

zon as above. Maturc corallite; a — external view, x2; b —calice, x4.

PLATE 35

. Paraduplophylium (Vacoea) tubaeformis: ubaeformis subsp. n. Specimen USNM 197196. Locality USNM 728h, Lower

Bone Spring Formation; a — calice; b —external view; increase of septal furrows (middle) and strong attachment
processes (right). Both, x2.

. Paraduplophyllum (Vacoea) tubaeformis tubaeforniis subsp. n. Specimen USNM 197223, Locality USNM 728f, Lower

Bone Spring Formation. Calice ol juvenile corallite, x6.

. Paraduplophyllum (Vacoea) tubueformis tubueformis subsp. n. Specimen USNM 197224. Locality USNM 725c,

Lower Bone Spring Formation. Mature corallite attached to brachiopod shell. Matrix surrounding middle portion
of corallite corresponds probably with upper surface of sea floor mud precipitated with silica, x2.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197225. Locality USNM 728{, Lower

Bone Spring Formation; a — two corallites attached to the same piece of matrix and to each other, x2; b — calice
of larger specimen having counter septum protruded higher than other major septa, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197226. Locality and horizon as above;

a —external view, x2, b —calice, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197227. Locality USNM 728h, Lower

Bone Spring Formation; a — calice floor protruded a little; b — external view; septal furrows deformed by strong
attachment processes. Both, x 4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197228. Locality USNM 7281, Lower

Bone Spring Formation; a, b — external view; strong attachment to productid brachiopod shell; ¢ — calice having
its floor moderately protruded. All, x4,

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197229. Locality and horizon as above.

Calice having its Hoor highly protruded, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197230, Locality and horizon as above.

Mature corallite attached to sponge branch; a — calice strongly deformed by attachment; b—external view. Both, x 4.
Paraduplophyllum (Vacovea) tubaeformis tubaeformis subsp. n. Spectmen USNM 197231, Locality USNM 728 h, Lower,
Bone Spring Formation; a — calice; b, ¢ — external view of corallite attached to productid brachiopod shell. Over-
growth of brachiopod spine strongly deformed septal furrows (c), but only slightly septal blades (a, upper). All, x 4.

PLATE 36

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197232, Locality USNM 728f, Lower

Bone Spring Formation; a — walls of old and rejuvenated calices showing septal bodies located between major septa
of new calice not related to old major septa, x6; b, c—external view, x4; d — calice, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197233, Locality and horizon as above.

Two corallites attached to each other, only one of which rejuvenated; a — calices, x4; b — external view, x2.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Spccimen USNM 197234, Locality USNM 728h,

Lower Bone Spring Formation. Juvenile corallite. Calice showing disappearance of minor septa and protruded floor,
x 4.

. Paraduplophyllum (Vacoea) tubueformis tubaeformis subsp. n. Specimen USNM 197235, Locality USNM 7221, Skinner

Ranch Formation, Sullivan Peak member; a — {ragment of calice having part of its margin not separated during
rejuvenation x8; b —calice x4; ¢ —external view showing strong attachment processes (left), x 2.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197236. Locality USNM 728h,

Lower Bone Spring Formation; a — calice wall; newly inserted septal blades do not correspond in length with their
furrows (sec Sb); b — external view; inscrtion of septal furrows. Both, x4.
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Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197237. Locality USNM 728f, Lower
Bone Spring Formation. Mature corallite; a — calice having long cardinal septum located in distinct septal fossula,
x 4; b —external view of corallite attached to brachiopod shell, x 2.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197238, Locality USNM 728h,

Lower Bone Spring Formation. Juvenile corallite; a — calice having deep lateral rejuvenation; b — external view;
simultaneous increase of septal furrows in upper part. Both, x4.

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197239, Locality USNM 7221, Skinncr

Ranch Formation, Sullivan Peak member. Calice having almost radial arrangement of major septa, x4.

. Paraduplophylluin (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197240. Locality USNM 729f, Lower

Bone Spring Formation. Calice, x 4.
Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 19724 1. Locality and horizon as above.
a — calice having septal bodies comparable to those shown on fig. la, x6; b — external view, x4.

PLATE 37

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197242, Locality USNM 702¢,

Hess Formation, Taylor Ranch member; a — calice having its floor highly protruded; b — external view illustrating
increase of septal furrows. Both, x4,

. Paraduplophyllum (Vacoea) tubaeformis tubaeformis subsp. n. Specimen USNM 197243, Locality USNM 728, Lower

Bone Spring Formation; a — calice having blades of some minor septa contratingent to major septa on its wall, x 4;
b — external view of corallite attached to brachiopod shell, x2.

. Paraduplophyilum (Vacoea) tubacformis lophotichioides subsp. n. Specimen USNM 197266. Locality and horizon as

above; a — external view, x6; b —calice, x4.

. Paraduplophyllum (Vacoea) tubaeformis lophotichioides subsp. n. Specimen USNM 197267. Locality USNM 728h,

Lower Bone Spring Formation; a — calice; b, ¢ — external view. All, x4,

. Paraduplophylluim (Vacoea) tubaeformis lophotichioides subsp. n. Specimen USNM 197268, Locality USNM 728f,

Lower Bone Spring Formation. Calice, x 4.

. Paraduplophyllum (Vacoea) tubaeformis lophotichioides subsp. n. Specimen USNM 197269. Locality and horizon as

above. Juvenile corallite. Calice showing relation of columella-like counter septum to other major septa, x 6.

. Paraduplophyllum (Vacoea) tubaeformis lophotichioides subsp. n. Specimen USNM 197270. Locality and horizon as

above. Calice of juvenile corallite, x 6.

. Paraduplophyllum (Vacoea) tubaeformis lophotichivides subsp. n. Specimen USNM 197271, Locality USNM 728h,

Lower Bone Spring Formation; a — calice having counter septum highly protruded; b — external view of attachment
surface; ‘¢ —external view of counter septum side. All, x4,

. Paraduplophyllum (Vacoea) tubaeformis lophotichioides subsp. n. Specimen USNM 197265. Holotype. Locality USNM

728f, Lower Bone Spring Formation; a — external view, x2; b — calice, x4.

Paraduplophyllum (Vacoea) tubaeformis reductum subsp. n. Specimen USNM 197247, Holotype. Locality and borizon
as above; a —calice, x4; b-—external view, x2.

Paraduplophyllum (Vacoea) rubaeformis reductum subsp. n. Specimen USNM 197248, Juvenile corallite; a — calice;
b —external view. Both, x4.

Paraduplophyllum (Vacoea) tubaeformis reductim subsp. n. Specimen USNM 197249, Locality USNM 728h, Lower
Bone Spring Formation. Calice floor, x 4.

Paraduplophyllum (Vacoea) rubaeformis reductum subsp. n. Specimen USNM 197250. Locality USNM 728f, Lower
Bone Spring Formation; a — calice, x4; b, ¢, — external view of juvenile specimen attached to inner surface of
brachiopod shell. Mode of attachment of ontogenctically youngest part of skeleton and absence of septal furrows
lowermost are expressed, x 5.

Paraduplophyllum (Vacoea) tubaeformis reducturi subsp. n. Specimen USNM 197251, Locality and horizon as above.
Mature corallite; a — calice having prominent counter septum, b — external view. Both, x2.

. Paraduplophyllum (Vacoea) tubacformis reductum subsp. n. Specimen USNM 197252, Locality USNM 721, Lower

Hueco Formation. Calice having shallow lateral rejuvenation, x 4.

. Paraduplophyllum (Vacoea) tubaeformis reductunm subsp. n. Specimen USNM 197253, Locality USNM 728f, Lower

Bone Spring Formation. Calice, x 6.

. Paraduplophyllum (Vacoea) tubaeformis reductunm subsp. n. Specimen USNM 197254, Locality and horizon as above.

Calice of mature corallite, x 2.

. Paraduplophyllum (Vacoea) tubueformis reductunm subsp. n. Specimen USNM 197255, Locality USNM 728 h, Lower

Bone Spring Formation. Juvenile corallite; a — external view; b — calice. Both, x4.
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. Paraduplophyllum (Vacoea) tubaeformis reductum subsp. n. Specimen USNM 197256. Locality USNM 728f, Lower

Bone Spring Formation, Juvenile corallite; a — external view ; b— calice having axial part of its floor convex. Both, x 4.
Paraduplophyllum (Vacoea) tubaeformis reductun subsp. n. Specimen USNM 197257, Locality and horizon as above.
Calice of juvenile corallite having axial arca of floor flat and two positions of tabulae well expressed, x 6.

PLATE 38

. Paraduplophyllum (Vacoea) tubaeformis reductum subsp. n. Specimen USNM 197258, Locality USNM 728f, Lower

Bone Spring Formation. Mature corallite; a — calice, x4; b —external view, x2.

. Paraduplophyllum (Vacoea) tubaeformis reductum subsp. n. Specimen USNM 197259. Locality and horizon as above.

Almost mature corallite; a — calice x4; b — external view expressing strong attachment processes, X 2.

. Paraduplophylium (Vacoea) tubaefornis reductum subsp. n. Specimen USNM 197260. Locality USNM 728 h, Lower

Bone Spring Formation. Mature corallite; a — calice floor having two positions of tabulae well expressed, x4;
b — external view; strong attachment flattening right, x2.

. Paraduplophyllum (Vacoea) tubaeformiis reductum subsp. n. Specimen USNM 197261, Locality and horizon as above;

a — calice having cardinal septum well developed; b-— external view; attachment to brachiopod shell right. Both, x 2.

. Paraduplophyllum (Vacoea) tubuaeformis lophotichioides subsp. n. Specimen USNM 197272, Locality USNM 728f,

Lower Bone Spring Formation. Juvenile corallite; a — calice having columella-like counter septum already developed;
b — external view expressing lack of septal furrows lowermost. Both, x6.

. Paraduplophyllum (Vacoea) tubaeformis reductunm subsp. n. Specimen USNM 19762. Locality USNM 728h, Lower

Bone Spring Formation. Mature corallite; a — calice; b — external view. Both, x2.

. Puaraduplophyllum (Vacoea) tubaeformis reductum subsp. n, Specimen USNM [97263. Locality USNM 728f, Lower

Bone Spring Formation. Juvenile corallite; a — short-septal calice; b — external view of corallite attached to inner
surface of brachiopod shell, expressing mode of attachment of ontogenetically youngest part of skeleton and lack of
septal furrows lowermost. Both, x4.

. Paraduplophyllum (Vacoea) rubaeformis reductum subsp. n. Specimen USNM 197264. Locality and horizon as above.

Mature corallite; a — calice having incipient axial rejuvenation; fragments of new wall form carinae-like bodies on
some septa (upper right), x4; b — external view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197318. Locality USNM 720e, Skinner Ranch Form-

ation, base of Scacchinella beds. External view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197312. Locality and horizon as above; a — calice,

x 4; b —external view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197319. Locality USNM 707w, Skinner Ranch Form-

ation, Decie Ranch member; a — calice having cardinal tabular fossula well marked, x4; b — external view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197320. Locality USNM 738r, Cibolo Formation,

Breccia Zone. Exizrnal view of two corallites strongly cemented to each other, x2,

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197293. Locality and horizon as above. External
view of corallite having its ontogenetically youngest portion coiling, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197321, Locality and horizon as above. Calice, x 4.
Paraduplophyllum (Vacoea) vermiculare sp. n Specimen USNM 197322, Locality USNM 724 p, Skinner Ranch Form-
ation, undivided; a — calice having shallow lateral rejuvenation and distinctly biform arrangement of tabulae on its
floor, x4; b —external view; strong attachment processes at lower part, x 2.

Paraduplophylium (Vacoea) vermiculare sp. n. Specimen USNM 197323, Locality USNM 707w, Skinner Ranch Form-
ation, Decie Ranch member; a — calice having flat floor and lateral rejuvenations; b — external view of two corallites
attached to each other and to substrate. Both, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197324, Locality and horizon as above. Calice, x 4.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197325. Locality USNM 720e, Skinner Ranch Form-
ation, base of Scacchinella beds; a — calice, x4; b — external view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197326. Locality and horizon as above; a — calice,

x4, b —external view, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197327, Locality USNM 738r, Cibolo Formation,
Breccia Zone. Calice having two positions of tabulae well accentuated, x4.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197309. Locality and horizon as above. Extcrnal view
of corallite having septal furrows well developzd, x 2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197328, Locality USNM 707w, Skinner Ranch Form-
ation, Decic Ranch member; a — calice, x 4; b — external view of corallite strongly attached to substrate, x 2.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197329. Locality and horizon as above; a — calice,
x4, b—external view of corallite strongly attached to substrate, x2.
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PLATE 39

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197289. Holotype. Locality USNM 720e, Skinner

Ranch Formation, base of Scacchinella beds; a — calice, x 4; b — external view of corallite with cladochonid attached
to its upper portion, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197330. Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. External view of corallite with cladochonid attached to its upper portion, x 2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197331. Locality and horizon as above; a — calice,

x4; b —external view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197288. Locality USNM 720e, Skinner Ranch

Formation, base of Scacchinella beds; a — calice having wide, flat floor, x4; b — external view, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197332, Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. Calice, x4.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197333, Locality USNM 720¢, Skinner Ranch Form-

ation, base of Scacchinella beds. Calice, x4.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197290, Locality and horizon as above. External

view, x2.

. Paraduplophyllum (Vacoeu) vermiculare sp. n. Specimen USNM 197334, Locality USNM 707w, Skinner Ranch Form-

ation, Decie Ranch member. Juvenile corallite; a — calice having two positions of tabulae well accentuated on its
floor, x4; b —external surface slightly damaged by boring organisms, x2.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197335, Locality and horizon as above; a — calice

having most of major septa met axially, x4; b — external view, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197336. Locality USNM 720e, Skinner Ranch Form-
ation, base of Scacchinello beds; a — calice, x 4; b —external view; septal furrows developed near the tip, x 10;
¢ — polished surface of section of neanic stage (top of fig. 10b) showing contrafused minor septa, x20.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197337, Locality USNM 705a, Skinner Ranch
Formation, base of Scacchinella beds. Calice of juvenile corallite having counter septum slightly longer than other
major septa and biformity of tabularium well accentuated, x6.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197306. Locality USNM 738r, Cibolo Formation,
Breccia Zone; a — calice; b —external view. Both, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197303. Locality USNM 707w, Skinner Ranch
Formation, Decie Ranch member; a — external view; b — calice having five subsequent rejuvenations. Both, x 2.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197338, Locallty and horizon as above; a — calice,
x 4; b —external view of very deeply rejuvenated corallite, x 2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197339, Locality USNM 720e¢, Skinner Ranch Form=
ation, base of Scacchinella beds; a —calice, x4; b— external view, x2.

Paraduplophylium (Vacoea) vermiculare sp. n. Specimen USNM 197340. Locality USNM 707a, Skinner Ranch
Formation, Decie Ranch member. External view of corallite attached to fragment of brachiopod (?) shell, changing
direction of its growth for 90°, x4.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197341, Locality USNM 707w. Skinner Ranch
Formation, Decie Ranch member; a-—calice, x4; b — external view, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197342, Locality and horizon as above; a — calice
having counter septum more prominent than other major septa, x4; b —external view, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197343, Locality USNM 720f, Lower Skinner Ranch
Formation. Calice of juvenile corallite, x6.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197344, Locality USNM 707 w, Skinner Ranch Form-
ation, Decie Ranch member; a — calice, x4; b —external view, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197345, Locality and horizon as above. Calice, x 4.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197346. Locality and horizon as above. Inner side of
calice wall showing foundations of major and minor septa in peripheral zone, disappearance of minor septa in middle
zone and their reappearance near calice floor, x4.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197347, Locality and horizon as above; a — calice,
x 4; b —external view, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197348. Locality USNM USNM 738r, Cibolo
Formation, Breccia Zone; a — calice; b — external view. Both, x2.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197307. Locality USNM 720¢, Skinner Ranch
Formation, base of Scacchinella beds; a — calice, x4; b —cxternal view, x2,

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197349, Locality USNM 707w, Skinner Ranch
Formation, Decie Ranch member; a — external view of corallite attached to brachiopod shell, x2; b — calice, x 4,
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Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197350. Locality and horizon as above. Calice, x 4.
Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197351. Locality USNM 705a, Skinner Ranch Form-
ation, base of Scacchinella beds. Calice of juvenile corallite, x6.

PLATE 40

. Paraduplophyllum (Paraduplophyllum) multiplicatum sp. n. Specimen USNM 197191, Locality USNM 720e, Skinner

Ranch Formation, base of Secacchinella beds; a, b — transverse sections, ephebic stage, x 10.

. Paraduplophyllum (Paraduplophyllunt) multiplicatum sp. n. Specimen USNM 197190. Holotype. Locality 727 u, Skinner

Ranch Formation, Decie Ranch member; a, b — transverse sections, early and late ephebic stage, x 10; ¢ — axial
longitudinal section, x 5.

. Paraduplophyllum (Paraduplophyllum) multiplicatum sp. n. Specimen USNM [97193. Locality USNM 707a, Skinner

Ranch Formation, Decie Ranch member, Transverse sections of rejuvenated corallite; a — late neanic morphology;
b — ephebic morphology. Both, x10.

. Paraduplophyllum (Vacoea) tubaeformis lophotichioides subsp. n. Specimen USNM 197267. Locality USNM 728h,

Lower Bone Spring Formation. Transverse section just above calice floor, x 0.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197315, Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. Transverse section, ephebic stage, x10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197312, Locality USNM 720¢, Skinner Ranch Form-

ation, base of Scacchinella beds. Transverse section, ephebic stage, x10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197353, Locality USNM 738r, Cibolo Formation,

Breccia Zone. Longitudinal section, x 5.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197293, Locality and horizon as above; a, b — trans-

verse sections, ephebic stage, xS.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197290. Locality USNM 720¢, Skinner Ranch Form-

ation, base of Scacchinella beds. Transverse section, ephebic stage, x 10.

. Paraduplophylium (Vacoea) vermiculare sp. n. Specimen USNM 197292, Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. Transverse section, ephebic stage, x 10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197301. Locality USNM 720e, Skinner Ranch

Formation, base of Scacchinella beds. Transverse section, ephebic stage, x 10.

. Paraduplophylium (Vacoea) vermiculare sp. n. Specimen USNM 197346, Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. Transverse section, early neanic stage, x 15.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197288, Locality USNM 720e, Skinner Ranch

Formation, base of Scacchinella beds. Transverse section, ephebic stage, x 10,

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197313, Locality USNM 707w, Skinner Ranch
Formation, Decie Ranch member. Transverse section, ephebic stage, x 10.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197311. Locality and horizon as above. Transverse
section, ephebic stage, x 10.

Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197294, Locality and horizon as above. Transverse
section, ephebic stage, x 10.

PLATE 41

. Paraduplophyllum (Vacoea) tubacformis reductum subsp. n. Specimen USNM 197262. Locality USNM 728h, Lower

Bone Spring Formation. Transverse section, late neanic/early ephebic stage, x 10.

. Paraduplophyllum (Vacoea) tubaeformis reductum subsp. n. Specimen USNM 197251, Locality USNM 728f, Lower

Bone Spring Formation. Transverse section, ephebic stage, x 10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197354, Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member; a—d — transverse sections, ephebic stage, x 5.

. Paraduplophylium (Vacoea) vermiculare sp. n. Specimen USNM 197291, Locality and horizon as above. Transverse

section; very early stage of axial rejuvenation, x 10,

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197355, Locality USNM 707a, Skinner Ranch

Formation, Decie Ranch member. Transverse section, ephebic stage, x 10.
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. Paraduplophylium (Vacoea) vermiculare sp. n. Specimen USNM 197300. Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. Transverse section, ephebic stage, x 10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197296. Locality USNM 738r, Cibolo Formation,

Breccia Zone. a—c — successive transverse sections, ephcbic stage, x 10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197304. Locality USNM 707w, Skinner Ranch

Formation, Decie Ranch member. Transverse section; ncanic morphology of youngest rejuvenation, x [0.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197356. Locality and horizon as above. Transversc

section; late neanic morphology of rejuvenation, x10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197302, Locality and horizon as above. Transverse

section of laterally-axial rejuvenation, X I0.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197298, Locality and horizon as above. Transverse

section of laterally-axial rejuvenation; minor septa were not inserted, x 10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197303, Locality and horizon as above. Transverse

section of very early stage of lateral rejuvenation, x10.

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197299, Locality USNM 738r, Cibolo Formation,

Breccia Zone; a, b — longitudinal sections, x§.

. Paraduplophyllum (Vucoea) amplexoides amplexoides subsp. n. Specimen USNM 197360. Locality USNM 720e,

Skinner Ranch Formation, base of Scacchinella beds. Transverse section, ephebic stage, xS.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197359, Locality and horizon as

above. Transverse section, ephebic siage, x 10.

PLATE 42

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197357, Locality USNM 7281,

Cibolo Formation, Breccia Zone. Transverse section, ephebic stage, x 5.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197363, Locality USNM 702e,

Hess Formation, Taylor Ranch member. Transverse sections; a — neanic stage, x 10; b — late neanic/early ephebic
stage, % 10; ¢ — early ephebic stage, x10; d — ephebic stage, x 10: e — late ephebic stage, x 5.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197364. Locality USNM 702d,

Hess Formation, Taylor Ranch member; a, b — transverse sections, ephebic stage, x 5.

. Paraduplophyllum (Vacoea) amplexoides longiseptatum subsp. n. Specimen USNM 197383. Locality USNM 733j,

Skinner Ranch Formation, Sullivan Peak member. Transverse section, ephebic stage, x 10.

. Paraduplophyllum (Vacoea) amplexoides longiseptatim subsp. n. Specimen USNM 197379. Locality and horizon as

above. Transverse section, ephebic stage, x10.

. Paraduplophyllum (Vacoea) amplexoides longiseptatum subsp. n. Specimen USNM 197374, Holotype. Locality and

horizon as above. Transverse sections; a, b — ephebic stage ; ¢ — deep laterally axial rejuvenation (compare fig. 86:11).
All, x10.

. Paraduplophyllum (Vacoea) amplexoides longisepratum subsp. n. Specimen USNM 197377, Locality USNM 724p,

Skinner Ranch Formation undivided. Transverse sections of rejuvenating corallite; a — late neanic morphology;
b — ephebic morphology. Both, x10.

PLATE 43

. Paraduplophyllum (Vacoea) vermiculare sp. n. Specimen USNM 197352, Locality USNM 707w, Skinner Ranch Form-

ation, Decie Ranch member; a — calice; b — external view of two corallites attached to inner wall of calice of dead
specimen, Both, x4.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197358. Holotype. Locality USNM

720¢, Skinner Ranch Formation, base of Scacchinella beds; a, b — calice, x4; c — external view, x2.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197365, Locality and horizon as

above. Calice, x4.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197366. Locality and horizon as

above. Calice, x 4.
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. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197367. Locality and horizon as

above; a — calice having very early rejuvenation, x 6; b — external view, x2.

. ? Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197368. Locality USNM 728e,

Lower Bone Spring Formation. Lower Part of calice. Three subsequent lateral rejuvenations. Some major septa of
second rejuvenation elongated on external wall of third rejuvenation (middle right). Two septa of old calice locatcd
next to third rejuvenation split axially (upper left), x 8.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197369. Locality USNM 720e,

Skinner Ranch Formation, base ol Scacchinella beds. Calice, x 4.

. Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197370. Locality USNM 726n,

Upper Hess Formation. Calice having deep, laterally-axial rejuvenation, x 2.

. Paraduplophyilum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197371, Locality USNM 720e,

Skinner Ranch Formation, base of Scaccluinella beds; a — calice, x4; b —exrernal view, x2.
Paraduplopliyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197372, Locality and horizon as
above. Calice, x 4.

Paraduplophyllum (Vacoea) amplexoides amplexoides subsp. n. Specimen USNM 197373, Locality and horizon as
above. Calice, x4.

. Paraduplophyllum (Vacoea) amplexoides longisepratum subsp. n. Specimen USNM 197379, Locality USNM 733j,

Skinner Ranch Formation, Sullivan Peak member; a — calice, x4; b —external view, x2.

. Paraduplophyllum (Vacoea) amplexoides longiseptarum subsp. n. Specimen USNM 197385, Locality and horizon as

above. a —external view of two corallites attached to each other, x2; b — calice of longer corallite, x 4.
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