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Text fig. 1. Stratigraphic distribution of Globigerinidae of the Upper Cretaceous of Trinidad. 
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HARVARD 
UPEVER SITY 

GLOBIGERINIDAE FROM THE UPPER CRETACEOUS 

(CENOMANIAN-MAESTRICHTIAN) OF 

TRINIDAD, B. W. I. 

P. BRONNIMANN* 

INTRODUCTION 

In this paper an attempt is made to describe the more prominent 
representatives of the Upper Cretaceous Globigerinidae of Trinidad. 

Although the biostratigraphy of Trinidad’s Upper Cretaceous is 
almost exclusively based on the life ranges of Globotruncanas (Bolli, 
1951), it has, in the course of practical work, become increasingly 
necessary to arrive at a more detailed knowledge of the composition 
of the accompanying Globigerina assemblages. ‘This is all the more 
justified because Globotruncanas are rare in the lower part of the 
Upper Cretaceous. The Globotruncana zones can be recognized also, 
in a general way, by the occurrence of Globigerinas, and, if found 
practicable, the zonation could also be based on Globigerinas. The 
introduction of improved metheds for the disintegration of siliceous 
and otherwise indurated shales enabled the writer to obtain rich 
assemblages of Globigerinas from a small but representative number 
of surface and subsurface samples ranging in age from Cenomanian to 
Maestrichtian. The large suites of specimens, being in general fairly 
well preserved; permitted a rather detailed morphologic description 
and taxonomic treatment. Umbilical cover-plates and depressed parts 
of the tests are often concealed by unremovable parts of the country 
rock. 

The proposed systematic grouping of the Upper Cretaceous 
Globigerinidae is based on the characteristics of the adult specimens. 
A few subspecific definitions, however, also take early ontogenetic 
features into account, as well as their changes in the course of the 
individual development. Bioseries have not been established on the 
basis of the present information, but some general remarks on the 
possible genetic relationship of the various forms are offered. Future 
evolutionary studies will have to be based to a large extent on the 
detailed analysis of the life ranges of the individual species and sub- 
species, and on embryogenetic investigations. 

* Micropaleontologist, Trinidad Leaseholds Ltd., Pointe-a-Pierre, Trinidad, 
BW: 
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The holotypes of the new species and subspecies are deposited 
in the Cushman Collection of the U. S. National Museum, Washing- 
ton, D. C. Sets of topotypes will be deposited in the Museum of 
Natural History, Basle, Switzerland, and in the Paleontological 
Research Institution, Ithaca, New York. The original samples remain 
in the possession of the Geological Laboratory of Trinidad Leaseholds 
Ltd., at Pointe-a-Pierre, Trinidad, B. W. I. 

The writer is indebted to the management of Trinidad Leaseholds 
Ltd. for the use of the facilities of the Geological Laboratory; to Dr. 
H. G. Kugler for reading the manuscript and for many valuable 
suggestions; and to Dr. Bolli with whom the pertinent stratigraphic 
points were discussed. 

STRATIGRAPHIC DISTRIBUTION 

The described Globigerinidae, as indicated below, originate from 
four localities found in the Globotruncana mayaroensis zone, the 
Globotruncana lapparenti, s.1. zone, and the Globotruncana apenninica 
zone (Cenomanian-Maestrichtian, see biostratigraphic zonation, Text 
fig. 1). The Maestrichtian Globotruncana gansseri zone is only 
represented by unreliable or poorly preserved assemblages from out- 
crops situated in the eastern Central Range and from subsurface 
sections near Pointe-a-Pierre and in the Guayaguayare area. 

SURFACE 

1. Gautier formation, outcropping in the Gautier River, near 
Chert Hill, Turure area, E. Central Range. Globotruncana apenninica 
zone, Cenomanian or Cenomanian-Turonian. 

SUBSURFACE 

2. Guayaguayare beds, upper part, Guayaguayare area, S. E. 
Trinidad. Globotruncana mayaroensis zone, Maestrichtian. 

3. Dark, indurated non- to slightly calcareous shales, Morne 
Diablo area, S. Trinidad. Sample near the base of the Globotruncana 
lapparenti, s. 1. zone, ‘Turonian-Senonian. 

4. Dark, indurated, calcareous shales, San Fernando area, S. 
Trinidad. Sample in the lower part of the Globotruncana lapparenti 
s. 1. zone, ‘uronian-Senonian. 

The faunas from the above localities yielded the richest and best 
preserved Upper Cretaceous Globigerina assemblages we were able to 
obtain with the methods described by Layne (1950) and by Bolli 
(1950) for the disintegration of indurated or siliceous shales. It can 
be assumed that they are representative for the individual biostrati- 
graphic zones. ‘The vertical distribution of the various species from 
the four localities is recorded on the accompanying stratigraphic chart 
(Text fig. 1) by thick lines. Thin lines refer to information from 
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poorly preserved additional samples, which, as a rule, did not permit 
more than a general determination (Rugoglobigerina rugosa group, 
Rugoglobigerina macrocephalia group). The analysed material, how- 
ever, is far from sufficient to determine the exact life ranges of the 
individual species. Such a compilation will have to be based on a 
large number of assemblages of known stratigraphic position. 

The following remarks on the stratigraphic distribution may be 
added: 

a. The species found in the Globotruncana apenninica zone are 
confined to this zone. They belong to the genera Globigerina, 
(?)Globigerinella, and Hastigerinoides. Rugoglobigerinas and Glo- 
bigerinellas of the Globigerinella escheri group are not known from 
this zone, which, on the other hand, is characterized by the floodlike 
predominance of Globigerina gautierensis and Globigerina cretacea. 
It is of interest to note, that, apart from these two low trochoidal 
Globigerina species, no indisputable Globigerina, s. s. were recognized 
in the Trinidad Upper Cretaceous during the preparation of the 
present paper.* 

The clear faunistic break between the G. apenninica zone and 
the overlying G. lapparenti, s. 1. zone, together with geologic evidence 
from a subsurface section, suggests the presence of a stratigraphic 
break at the base of the G. lapparenti, s. 1. zone. 

b. The Globotruncana lapparenti, s. 1. zone, at least its lower 
part, is characterized by common to abundant Globigerinellas of the 
Globigerinella escheri group, and by the occurrence of the stellate 
Hastigerinoides alexanderi. The representatives of / ugoglob‘gerina 
are rare and usually badly preserved, permitting neither a species 
nor a subspecies determination. 

c. Poorly preserved assemblages of the Globotruncana gansseri 
zone contain numerous Rugoglobigerinas and scarce Globigerinella 
messinae messinae. A few specimens with affinities to Kugoglobigerina 
reicheli hexacamerata and to Trinitella scotti were recorded. 

d. The Globotruncana mayaroensis gone is typified by the 
large group of abundant rugose Globigerinas, by frequent large 
@iphieennelias and by the common occurrence of the peculiar genus 
Trinitella. It appears that Plummerella is restricted to this zone, 
whereas Rugoglobigerina and the Globigerinella messinae group are 
already known from the Globotruncana lapparenti bulloides and 
Globotruncana lapparenti tricarinata-bearing shales at the top of the 
Globotruncana lapparenti, s. 1. zone. As regards the distribution of 
the Globigerinidae, the Globotruncana lapparenti, s. 1. zone, the Glo- 

* Information obtained after the completion of this paper has shown that 
G. cretacea and allied forms occur also, though sparsely, in the Globo- 
truncana lapparenti, s. l. zone. 
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botruncana gansseri zone, and the Globotruncana mayaroensis zone 
show a distinct faunistic relationship. 

e. The genus Rugoglobigerina supplies a series of excellent index 
fossils for the determination of the Cretaceous-Tertiary boundary in 
Trinidad. The same stratigraphic observation has been made in 
Texas where, according to Mrs. Plummer (1926, p. 39), the orna- 
mented globigerinid species of the Navarro group do not occur in any 
of the Tertiary strata. ~- 

f. The genus Globigerinella Cushman is commonly distributed 
throughout the whole Upper Cretaceous with the exception of the 
Globotruncana apenninica zone where it is only questionably recorded 
(? Globigerinella tururensis). In the Globotruncana lapparenti, s. l. 
zone, Globigerinellas are occasionally the only, or at least the pre- 
dominant, pelagic Foraminifera and thus of special stratigraphic sig- 
nificance. “Tromp’s observations on the occurrence of pelagic genera 
in the Upper Cretaceous of the Near East (1949, p. 674), namely 
that Globigerinella and Globigerina are almost equally represented in 
the Uppermost Cretaceous as Globigerina (?rugose group), but that 
Globigerinella is predominant in the Campanian of the Arabian facies, 
are confirmed by the distribution of these genera in Trinidad. A very 
similar distribution of Globigerinidae was observed by Nauss (1947) 
in the late Cretaceous Lloydminster and Lea Park shales of the 
Vermilion area, Alberta, inasmuch as the abundant calcareous faunas 
of the Lea Park shales contain only Globigerinella aspera (Ehrenberg) 
besides Globigerina cf. cretacea dOrbigny. This assemblage occurs 
above the floods of Globigerina loetterlei and G. cretacea of the 
Lloydminster shale. 

SYSTEMATIC GROUPING 

Generic rank is given to the large group of strongly ornamented 
Globigerinas which reaches its acme in the Maestrichtian Globo- 
truncana mayaroensis zone. ‘The new genus Rugoglobigerina, geno- 
tvpe Globigerina rugosa Plummer 19206, is distinguished from ali other 
Upper Cretaceous and Tertiary Globigerinas with depressed trochoidal 
tests by the marked and regularly arranged ornamentation and by the 
presence of an umbilical cover-plate in most of its species. “To judge 
from the drawing of the umbilical side of R. rugosa rugosa (Plum- 
mer) (Plummer, 1926, pl. 2, fig. rod) the cover-plate 1s pierced by 
accessory openings, thus resembling that of the following Cenomanian 
Globotruncanas: Ticinella Reichel (Reichel, 1949, pl. 16, fig. 1) and 
Thalmanninella Sigal (Reichel, pl. 16, figs. 2, 3). Due to the gen- 
erally very poor preservation of the delicate umbilical features in the 
Trinidad material, however, it was not possible to clarify the structure 
of the umbilical cover-plate and to compare it with that of Globo- 
?runcana. 
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The rugose Globigerinas were first reported by Mrs. Plummer 
from the upper Navarro clay of Texas (1926, pp. 38-39, pl. 2, fig. 
10) where Rugoglobigerina rugosa rugosa (Plummer) is the most 
frequent species of this large ornamented group. Although certain 
Midwayan species, such as Globigerina pseudo-bulloides Plummer and 
G. compressa Plummer (1926, pl. 8, figs. 9, 11), have a similar low 
tiochoidal test, the absence of the strong, regularly arranged rugosities 
and of the umbilical cover-plate render them easily distinguishable 
from the Upper Cretaceous forms. ‘This is also true for not yet 
described, small (average diameter 0.3 mm.), low trochoidal Paleo- 
cene Globigerinas from Trinidad which have a coarsely spinose and 
regularly ornamented surface. 

The new subgenus Plummerella of the genus Rugoglobigerina 
comprises a small number of stellate and semi-stellate species, com- 
monly co-existing with Rugoglobigerina proper. ‘The assignment 
of Plummerella as subgenus to Rugoglobigerina is tentative. It is based 
on the fact that Plummerella possesses much the same rugose orna- 
mentation as typical Rugoglobigerina and in addition shows transitions 
from the hantkeninoid to the Globigerina-like test. 

It is noteworthy that no umbilical plate was observed in Plum- 
merella, although the umbilical features of the more progressed and 
stronger trochoidal subspecies inflata suggest the presence of a cover- 
plate. Further investigations of this peculiar stellate and ornamented 
group, especially embryogenetic studies, may result in elevating Plum- 
merella to generic rank. 

At present the following subgenera and species are included in 

Rugoglobigerina: 
Rugoglobigerina n. gen. 

Rugoglobigerina, s. s. n. subgen. 
reicheli reicheli n. sp., n. subsp. 

. reicheli pustulata n. sp., n. subsp. 
reicheli hexacamerata n. sp., n. subsp. 
macrocephala macrocephala n. sp., n. subsp. 
macrocephala ornata n. sp., n. subsp. 

. rugosa rugosa (Plummer) 1926 

. rugosa pennyi n. sp., n. subsp. 

. rugosa rotundata Nn. sp., n. n. subsp. 

Pinninerelia n. subgen. 
P. hantkeninoides hantkeninoides n. sp., n. subsp. 
P. hantkeninoides costata n. sp., n. subsp. 
P. hantkeninoides inflata n. sp., n. subsp. 

The new genus Trinitella exhibits morphologic features related 
to Rugoglobigerina, s. s. (early portion of test) and to Globotruncana, 
s. 1. (single-keeled end chambers and overlapping chambers of last 
volution). Trinitella is monotypic and represented by: 

T. scotti n. sp. 

7 po Pe po eo 
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Low trochoidal, weakly ornamented species of the Globotruncana 
apenninica zone are referred with reservation to the genus Globigerina 

d’Orbigny. Two species are recognized: 
G. gautierensis n. sp. 
G. cretacea d’Orbigny 1840 

which are both equally common in the dark calcareous shales of the 
Gautier formation. 

The genus Globigerinella comprises the following species: 
G. messinae messinae n. sp., n. subsp. 
G. messinae subcarinata n. sp., n. subsp. 
G. escheri escheri (Kaufmann) 1865 
G. escheri clavata n. subsp. 
(?) G. tururensis n. sp. 

Rather scarce, small, stellate and planispiral Hastigerinella-like 
species of the lower part of the Globotruncana lapparenti, s. I. zone 
and of the Globotruncana apenninica zone are separated from the 
genus Hastigerinella Cushman 1927 by the obvious difference in the 
shape of the adult chambers. They are referred to the new subgenus 
Hastigerinoides, which at present contains the following species: 

Hi. alexanderi (Cushman) 1931 
H.. rohri-n. sp. 

PHYLOGENETIC REMARKS 

The present compilation includes only the more important Upper 
Cretaceous globigerinid species and does not claim to be complete. 
The more detailed faunistic investigation of Upper Cretaceous sed- 
iments and the application of yet better methods of disintegration of 
hard rocks will undoubtedly supply many more new, or in Trinidad 
not yet recorded, pelagic species. It is therefore considered to be 
premature to make an attempt at a phylogenetic grouping of the 
present incomplete inventory of globigerinid forms. Only the follow- 
ing very general statements are offered: 

a. Rugoglobigerina, s. s. is the predominant group of the Maes- 
trichtian zones. Although small globigerinid forms of the Trinidad 
Paleocene resemble in the depressed trochoidal test the Upper Creta- 
ceous Rugoglobigerinas, the Paleocene and the Upper Cretaceous 
species are not considered to be related. At the present stage of 
investigation, however, the possibility that Paleocene forms might be 
related with Upper Cretaceous Rugoglobigerinas cannot be ruled out 
completely. 

b. Plummerella and Trinitella become extinct at the close of 
the Cretaceous at least as far as Trinidad is concerned. They can 
not be regarded as possible ancestors of the morphologically different 
Tertiary Globigerinas. 
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c. Globigerinella, which is often the predominant globigerinid 
genus, apparently does not essentially differ in its Cretaceous and 
Tertiary species, and thus no bioseries can be established. It is quite 

possible that Globigerinella tests of the Tertiary have originated 
independently from those of the Cretaceous. 

d. Hastigerinoides, a highly specialized group of stellate forms, 
seems to be related to Globigerinella. 

e. The only ancestral forms from which modern Globigerinas 
could have sprung are represented by the group of low trochoidal, 
weakly ornamented Globigerinas of the Globotruncana apenninica 
zone. Unlike the Rugoglobigerinas, which are virtually all dextrally 
coiling, Globigerina gautierensis and G. cretacea are both dextrally 
and sinistrally coiling. This would suggest a rather undeveloped 
phylogenetic position (Bolli, 1951b) from which further evolution is 
still possible. 

This phylcgenetic derivation, however, appears to be rather 
remote in view of the fact that in Trinidad Globigerinas of the 
gautierensis-cretacea type apparently do not occur in the _ post- 

Globotruncana lapparenti, s. 1. zones. 

SYSTEMATIC DESCRIPTION 

Family GLOBIGERINIDAE Cushman 

Genus GLOBIGERINA d’Orbigny 1826 

Globigerina gautierensis n. sp. Plate 1, figs. 1-3 
Text fig. 2 

Description—The test is a low trochoidal spiral with 5 to 6 
chambers in the adult. The trochoidal arrangement is so weak that 
the apertural aspect is almost that of Globigerinella. ‘The chambers 
are much oppressed, subglobular and increase gradually in size. The 
end chamber is often strongly inflated and broad in apertural view and 
tends to shift toward the umbilical side. ‘The more or less flat spiral 
side shows about 12 chambers arranged in 2 volutions. ‘The deep 
and well-defined subcircular umbilicus is rather small compared with 
that of 6-chambered Rugoglobigerinas. The sutures are straight 
and not much depressed. The outline of the test, therefore, is only 
weakly lobulate. The large arcuate aperture is interiomarginal. 
The walls are finely perforate, and the surface is ornamented with 
small papillae which are stronger on the early ontogenetic chambers. 
The surface of the end chamber appears to be almost smooth. The 
species is random coiling. 

Dimensions —The maximum diameter of paratypes ranges from 
0.375 mm. to 0.4 mm. 

Holotype—Globigerina gautierensis Bronnimann. T. L. L. 
Cat. Nos. 144455, 168920. Text figs. 2a-c. All appr. & 80. Plate 
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Text fig. 2. Globigerina gauticrensis Bronmimann. T.L.L. Cat. Nos. 144455, 
168920. Globotruncana apenninica zone, Gautier formation, Upper 
Cretaceous. All appr. X 80. (a,b,c) Same specimen, spiral, umbilical 
and apertural views. Holotype. (g,h,1) Same _ specimen, — spiral, 
umbilical and apertural views. (kl,m) Same specimen, spiral, umbilical 
and apertural views. (d,e) Same specimen, spiral and apertural views ; 
extreme form with broad end chamber. (f) Apertural view of an 
almost planispiral individual. 
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1, figs. 1-3. Maximum diameter 0.412 mm. Diameter of umbilicus 
005 mm. End chamber: radial diameter 0.15 mm.; tangential diam- 
eter 0.175 mm.; thickness 0.177 mm. Globotruncana apenninica 
zone, Gautier formation, Upper Cretaceous, Trinidad, B. W. I. 
Deposited in the Cushman Collection, U. S. National Museum, 
Washington, D. C. 

Occurrence.—Globotriuncana apenninica zone, Gautier formation, 
Upper Cretaceous. Abundant. Associated with Globotruncana apen- 
ninica O. Renz (see Bolli, 1951, pl. 34, figs. 1, 2, 3) and with Glo- 
bigerina cretacea d’Orbigny. See footnote p. 7. 

Remarks.—Globigerina gautierensis differs from the morphologi- 
cally related, slightly compressed G. cretacea by the subglobular to 
globular, oppressed chambers, which are more numerous. in the adult, 
and .by.,the. distinctly less lobulate outline. The low trochoid 
Globigerina planispira Tappan 1940, from the Grayson formation, 
Washita group, Lower Cretaceous, Denton County, Texas, differs 
from G. gautierensis by its bulbous chambers with a smooth surface. 
G. portsdownensis Williams-Mitchell 1948, from the Cenomanian, 
Upper Cretaceous, Portsdown No. 1 well, Hampshire, England, is 
much more trochoidal than any of the Globigerinas of the Gautier 
formation. 

Nauss (1947, pp. 336-337, pl. 49, figs. 11a-c) introduced Globi- 
gerina loetterlei (originally misprinted G. loetterli) from the Upper 
Cretaceous Lloydminster shale, Vermilion area, Alberta, Canada. 
This form is associated with Globigerina cretacea d’Orbigny and with 
Guembelina globulosa (Ehrenberg). G. Joetterlei resembles G. 
gautierensis in its weakly trochoidal spiral test of only slightly lobulate 
outline. Only ornamentation and size differentiate the 2 forms which 
very likely belong to the same group of Cretaceous Globigerinas. G. 
ioctterlei Nauss has also been recorded from the Upper Cretaceous of 
Alaska (Tappan, 1951, pp. 4-5, pl. 1, figs. 1ga-c). The Alaskan 
specimens appear to be rather small (greatest diameter 0.18-0.29 mm.) 
in comparison with those from Alberta (greatest diameter 0.4-0.7 
mm.). 

Due to the lack of information regarding the occurrence of Globo- 
truncanas in the Upper Cretaceous of Alaska and of Canada, it is at 
present not possible to draw any conclusions regarding the correlation 
of these deposits and the Trinidad Upper Cretaceous. 

The 5-chambered rugose Globigerina from the Upper Cretaceous 
White Chalk of Antigua, reported by Cushman (1931, p. 44, pl. 6, 
figs. 6a-c) as G. cretacea, apparently belongs to the genus Rugoglobi- 
gerina. According to Cushman’s description there is frequently a 
thin, platelike structure across the umbilical region. The figured 
specimen is small for the genus (0.28 mm.) and possibly represents 
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Rugoglobigerina reicheli hexacamerata or a variant of this species. The 
figured specimen (pl. 6, figs. 5a-b) with 6 chambers in the adult and 
a low trochoidal spiral has to be assigned to the same species. 

In this connection it should be emphasized that the White Chalk 
from which Cushman’s Foraminifera originate is not indigenous of 
Antigua, but was imported as ballast from Europe during the time 
the water well of Cassada Gardens was being dug. Dr. H. G. 
Kugler, who kindly drew the writer’s attention to this fact, states in 
a private report on the Geology of Antigua: . 

L. 1303—Cassada Garden. 

The famous well of Cassada Garden is situated in a low undulating 
savannah near the golf course. Ever since Cushman has reported a Creta- 
ceous fauna of exactly the same assemblage as known from the French Chalk 
of the Paris basin, there were doubts about the existence of such Cretaceous 
in Antigua. Senn (1940) used the reported Cretaceous to support one of his 
theories. Trechmann (1941) doubted the occurrence of the chalk. In 1941, 
the geologist Cleaves reported to the writer that Mr. Forrest, who had 
supplied the samples to Dr. Cushman, was in England during the deepening 
of the well. There is little doubt that the rock had been brought across 
the sea in ballast for “sweetening” the very salty water of the well. 

The name of the new species is derived from the Gautier River, 
Eastern Central Range, Turure area. 

Globigerina cretacea d’Orbigny 1840 Text fig. 3 

Globigerina cretacea d’Orbigny, :1840, Soc. Géol. France, Mém., 4(1): 
p-34, pl. 3, figs. 12-14. 

Description —The adult test is a very low trochoidal spiral with 
a slightly angular to lobulate outline. The distinct and rather deep 
umbilicus is surrounded by 5 chambers. The spiral side with 2 
volutions comprises about 12 chambers gradually increasing in size. 
The chambers -are slightly compressed, elongate-ellipsoid in frontal 
view, rounded to slightly subangular when seen from the spiral side. 
The sutures are straight and deep. The aperture could not be clearly 
observed and is believed to be a large arcuate opening directed toward 
the umbilicus. The walls are finely perforate and the surface is 
ornamented by minute papillae which are stronger developed in the 
early stage. The end chamber is not, or not much, ornamented. The 
pustules are not arranged in a regular pattern as in the Rugoglobigeri- 
nas. Right and left hand coiling specimens were observed, the latter 
seem to be predominant. 

Dimensions.—The maximum diameter of the tests range from 
0.275 to 0.35 mm. 

Holotype-—Globigerina cretacea d’Orbigny. Mémoir sur les 
foraminiféres de la Craie blanche du bassin de Paris. Soc. Géol. 
France, Mém., 1840, 4(1): pl. 3, figs. 12-14. Craie blanche, Cre- 
tacé, St. Germain, Bassin de Paris, France, and England. 
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Occurrence.—Globotruncana apenninica zone, Gautier formation, 
Upper Cretaceous. Abundant. See footnote p. 7. 

Text fig. 3. Globigerina cretacea d’Orbigny. T.L.L. Cat. Nos. 144455, 
168920. Globotruncana apenninica zone, Gautier formation, Upper 
Cretaceous. All appr. X 80. (a,b,c) Same specimen, spiral, umbilical 
and apertural views. (d,e,f) Same specimen, spiral, umbilical and 
apertural views. (g,h,i) Same specimen, spiral, umbilical and apertural 
views. (k,l,m) Same specimen, spiral, umbilical and apertural views. 
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Remarks.—This species is clearly defined by the slightly com- 
pressed, very low trochoidal test and the distinctly lobulate sometimes 
subangular outline, and can easily be separated from the similarly 
ornamented G. gautierensis. The Trinidad specimens agree perfectly 
with d’Orbigny’s figures and description (1840, p. 34, pl. 3, figs. 
12-14). D’Orbigny’s specimen is 5-chambered in the adult, the 
chambers are somewhat compressed, and the surface is ornamented 
with minute papillae. Globigerina infra-cretacea Glaessner (1937, 
p. 28, pl. 1, fig. 1) resembles G. cretacea very closely. Morrow 

(1934, p. 198, pl. 30, figs. 7, 10a,b). figured and described specimens 
of G. cretacea from the Upper Cretaceous Colorado group of Kansas 
which appear to be identical with the specimens recorded from Trin- 
idad. G. cretacea (Applin, 1933) has also been reported from the 
Upper Cretaceous Niobrara formation and the Carlile shale of South 

Dakota. Albritton and Phleger (1937) encountered this species in 
clays of Navarro and Taylor age from ‘Texas, associated with 
(?) Globigerinella aspera (Navarro) and with Globigerina belli White 
and (?)Globigerinella aspera (Taylor). It is doubtful whether the 
specimens reported by Young (1951, p. 65, pl. 14, figs. 1-3) from the 
Upper Cretaceous Frontier formation of southern Montana belong 
to G. cretacea. They are larger (0.42 to 0.45 mm.) than the Trini- 
dad specimens and (as based on the illustrations) are rather coarsely 
hispid on the entire surface. No umbilical cover-plate was observed 
by Young, and the ornamentation does not. show any sign of the 

meridional pattern. 

Genus RUGOGLOBIGERINA n. gen. 

Diagnosis.—Test either Hantkenina-like or distinctly Globigerina- 
I’ke, almost planispiral to trochoidal. Chambers of Hantkenina type 
with axially situated spines, those of Globigerina type rounded peri- 
pherally, truncate toward umbilicus. Sutures straight to slightly 
curved in direction of coiling. Apertures large, arcuate, directed 
toward umbilicus, occasionally with liplike projections. Umbilicus 
subcircular, as a rule large, deep, with covering plate. Surface orna- 
mented by rugosities of various size and type, either distributed 
irregularly or arranged in rows radiating from a central point on 
the surface toward the aperture (meridional pattern). . 

Generotype.—Rugoglobigerina (Rugoglobigerina) rugosa rugosa 
(Plummer) 1920. 

Remarks.—The Upper Cretaceous genus Rugoglobigerina contains 
the hantkeninoid subgenus Plummerella and the Globigerina-like sub- 
genus Rugoglobigerina, both of which carry the characteristic rugose 
surface, which in typical forms displays a peculiar meridional pattern. 
A further indication of relationship of these two subgenera is the 
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occurrence of spines in the early stages and truncate Globigerina 
chambers in the late ontogenetic stages of some species. "The covering 
plate across the umbilicus was not found in Plummerella, but from 
the general morphology of the tests its presence has to be expected in 
well-preserved specimens. The genus Rugoglobigerina differs from all 
other Cretaceous and Tertiary Globigerinas by the strongly rugose, as 
a rule regularly ornamented surface, by a covering plate across the 
umbilicus, and by the development of hantkeninoid chambers and of 
truncate Globigerina chambers, with large arcuate apertures directed 
toward the umbilicus. 

; Occurrence——Upper Cretaceous, Trinidad, B. W. I., Eastern 
Venezuela, Texas, U. S. A., and Egypt. 

Subgenus RUGOGLOBIGERINA n. subgen. 

Diagnosis—Test medium to large sized, low trochoidal through- 
out the ontogeny. Spiral side with about 2 whorls, initial portion 
depressed. Umbilicus variable in diameter, as a rule large, circular 
and deep, and provided with a delicate covering plate (only preserved 
as fragments or not observed). Chambers increasing in size as added, 
subglobular in early stages, those of last volution truncate toward 
umbilicus, rounded peripherally, occasionally elongate in direction of 
spiral axis. "The end chamber can be larger, of the same size, or even 
smaller than the penultimate one and in many forms it is shifted 
toward the umbilical side. Early chambers of last volution with 
hantkeninoid points, or provided with large pustules, or irregularly 
rugose, or ornamented by distinct rows of rugosities radiating from a 
central point on the periphery toward the apertural face (meridional 
pattern). Plummer (1926, pp. 38-39) describes this feature as 

follows: 
Sony ae irregularly developed rugosities or even indistinct, discontinuous, and 
rugulose ridges that radiate backward over each chamber from a central 
point on its periphery. 

The meridional arrangement of the rugosities is typically developed 
on all or on part of the chambers of the adult volution. Sutures are 
well marked, straight to slightly curved in direction of coiling. 
Apertures of end chambers, large, arcuate, directed into umbilicus and 
occasionally provided with minute liplike projections. 

Subgenerotype-—Rugoglobigerina (Rugoglobigerina) rugosa ru- 

gosa Plummer 1926. 

Remarks.—The subgenus Rugoglobigerina comprises 3 well-de- 
fined species, R. reicheli, R. macrocephala, and R. rugosa, each of 
them split into a number of closely interrelated subspecies. In spite of 
the development of short hantkeninoid points in early chambers of the 
adult volution of R. reicheli reicheli, it maintains its distinct Globigeri- 
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na character. Rugoglobigerina is separated from the hantkeninoid 
subgenus Plummerella by the distinctly Globigerina-like test. 

Occurrence——Upper Cretaceous Trinidad, B. W. I., Eastern 
Venezuela, Texas, U. S. A., Egypt. 

Rugoglobigerina reicheli reicheli n. sp., n. subsp. Plate 3, figs. 10-12 
Text figs. 4, 5 

Description —The last volution of the small to medium-sized low 
trochoidal test comprises 5 “to 6 chambers. Umbilical and spiral side 
are well defined. About 2 whorls can be counted on the centrally 
slightly depressed spiral side. No details of the initial portion are 
discernible due to the coarsely rugose surface. The ultimate chamber 
can be larger or of the same size or even smaller than the penultimate 
one and is displaced toward the umbilical side. The first 2 or 3 
chambers of the last whorl are of conic shape. The adjoining cham- 
bers are peripherally rounded and truncate at the apertural side. The 
umbilicus is deep, usually filled with matrix. Remains of the delicate 
covering plate were noted. The straight sutures are depressed, thus 
producing a lobulate outline. The large arcuate aperture of the end 
chamber with a small liplike projection opens into the umbilicus. The 
apertures of the preceding chambers are not known. “The walls appear 
to be thick, and the surface is coarsely rugose. The rugosities of the 
inflated last chambers are arranged in meridional rows radiating from 
a centre on the surface toward the edges of the aperture. The in- 
vestigated specimens are invariably dextrally coiling. 

Dimensions.—TVhe maximum diameter of the tests, including the 
spinelike projections, ranges from 0.325 mm. to 0.37 mm. 

Holotype.—Rugoglobigerina (Rugoglobigerina) reicheli reicheii 
Bronnimann. T. L. L. Cat. Nos. 155591-155594. Plate 3, figs. 10-12. 
Maximum diameter 0.35 mm. End chamber: radial diameter 0.125 
mm.; tangential diameter 0.15 mm.; thickness 0.15 mm. Radial 
diameter of first spinose chamber 0.10 mm. Globotruncana mayaroen- 
sis zone, Guayaguayare beds, Maestrichtian, Upper Cretaceous, Trin- 
idad, B. W. I. Deposited in the Cushman Collection, U. S. National 
Museum, Washington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Abundant. 

Remarks.—Although the adult stage is Globigerina-like, this 
subspecies still shows in the early chambers of the last volution indica- 
tions of hantkeninoid features similar to those described from the 
subgenus Plummerella. It is conceivable that R. reicheli reicheli 
represents a transitional form between the two groups. The identical 
rugose ornamentation suggests that both subgenera are genetically 
related. The central type differs by the hantkeninoid early chambers 
from the other forms of the reicheli group. 
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This species is named after Dr. M. Reichel for his contribution 
to the knowledge of the Upper Cretaceous genus Schackoina Thal- 
mann. 

Text fig. 4. Rugoglobigerina reicheli reicheli Bronnimann. T.L.L. Cat. Nos. 
155591-155594. Globotruncana mayaroensis zone, Guayaguayare beds, 
Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, umbilical, 
spiral and apertural views. (d,e,f) Same specimen, umbilical, spiral 
and apertural views. (g,h,i) Same specimen umbilical, spiral and 
apertural views. (k,l,m) Same specimen umbilical, spiral and apertural 
views. 
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Text fig. 5. Rugoglobigerina reicheli reicheli Bronnimann. T.L.L. Cat. Nos. 
155591-155594- Globotruncana mayaroensis zone, Guayaguayare beds, 
Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, umbilical, 
spiral and apertural views (d,e,f) Same specimen, umbilical, spiral 
and apertural views. (g,h,i) Same specimen, umbilical, spiral and 
apertural views. 

Rugoglobigerina reicheli pustulata n. sp., n. subsp. Plate 2, figs. 7-S 
Next eilesysG-as 

Description.—TVhe last whorl of the small to medium-sized low 
trochoidal test is 5-chambered. The centrally slightly depressed spiral 
side exhibits about 2 whorls. Due to the rugose surface, details of 
the initial stage could not be observed. The chambers are subglobular 
throughout the last whorl, the earlier ones occasionally provided with 
large spicules. The chambers increase in size as added. The end 
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Text fig. 6. Rugoglobigerina reicheli pustulata Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spiral and apertural views. (g,h,i) Same specimen, umbilical, spiral 
and apertural views. (k,l,m) Same specimen, umbilical, spiral and 
apertural views. 
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chamber, however, can be smaller than the penultimate one and 
usually is clearly displaced toward the umbilicus. Such size reduction 
and displacement appear to be typical features of the Rugoglobigerinas. 
The end chamber is distinctly truncate at the apertural side. The 
sutures are depressed and straight. The circular umbilicus is deep and 
usually filled with matrix. Remains of a covering plate were observed 
along the truncate edges of the chambers. “The large, semicircular 
aperture of the end chamber opens into the umbilicus. The apertures 
cf the preceding chambers are not known. ‘The walls appear to be 

Text fig. 7. Rugoglobigerina reicheli pustulata Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spiral and apertural views. (g,h,i) Same specimen, umbilical, spirai 
and apertural views. 
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thick, and the surface is coarsely rugose, especially in the early stages. 
The ornamentation of the last chambers exhibits the characteristic 
meridional pattern. All the investigated specimens are dextrally 
coiling. 

Dimensions.—The maximum diameter of paratypes varies from 
0.275 mm. to 0.375 mm. 

Holotype—Rugoglobigerina (Rugoglobigerina) reicheli pustulata 
Bronnimann. T. L. L. Cat. Nos. 155591-155594. Plate 2, figs. 7-9. 
Maximum diameter 0.35 mm. End chamber: radial diameter 0.125 
mm.; tangential diameter 0.175 mm.; thickness 0.20 mm. Globotrun- 
¢ana mayaroensis zone, CGuayaguayare beds, Maestrichtian, Upper 
Cretaceous, Trinidad, B. W. I. Deposited in the Cushman Collection, 
U. S. National Museum, Washington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Abundant. 
Remarks.—The subspecies pustulata is a completely Globigerina- 

like form and therefore can be distinguished without difficulty from 
the spinose subspecies reicheli and from the asteroid species of the 
subgenus Plummerelia. It is separated from the related Rugoglobige- 
rinas by the number of chambers in the last whorl, by the less devel- 
oped meridional ornamentation, and by the much smaller size. 

Rugoglobigerina reicheli hexacamerata n.sp., n.subsp. Plate 2, figs. 10-12 
Text fig. 8 

(?)Globigerinella aspera (Ehrenberg), Cushman, 1931, Cushman Lab. 
Foram. Res., Contrib., 7: pp. 44-45, pl. 6, figs. 5a-b. 

(2?) Globigerina cretacea d’Orbigny, Cushman, 1931, Cushman Lab. Foram. 
Res., Contrib., 7: p. 44, pl. 6, figs. 6a-c. 

Description.—The small to medium-sized test is a low trochoidal 
spiral with 6 chambers in the adult. The umbilical side, characterized 
by a very large, deep, almost circular umbilicus, exhibits fragments of 
the covering plate along the truncate edges of the chambers. ‘The 
slightly depressed spiral side shows about 2 whorls. The well-separated 
subglobular and truncate chambers increase rather slowly in size. “The 
end chamber can be smaller than the penultimate one and is frequently 
displaced toward the umbilical side. “The deep sutures are straight 
and occasionally slightly curved. The arcuate aperture of the end 
chamber is large and apparently provided with a minute liplike projec- 
tion. Those of the preceding chambers are not known. ‘The walls 
are thick, and the surface is coarsely rugose. “The surface of about 
two-thirds of the chambers of the last volution shows the meridional 
pattern, whereas that of the earlier chambers is irregularly hispid. 
Only dextrally coiling individuals were counted. 

Dimensions.—TVhe maximum diameter of paratypes varies from 
0.35 mm. to 0.375 mm. 

Holotype.—kKugoglobigerina reicheli hexacamerata Bronnimann. 
T.L.L. Cat. Nos. 155591-155594. Plate 2, figs. 10-12. Maximum 
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Text fig. 8. Rugoglobigerina reicheli hexacamerata Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same _ specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spiral and apertural views. (g,h,i) Same specimen, umbilical, spiral 
and apertural views. (k,l,m) Same specimen, umbilical, spiral and 
apertural views. 
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diameter 0.375 mm. Diameter of umbilicus 0.125 mm. End cham- 
ber: radial diameter 0.115 mm.; tangential diameter 0.15 mm.; thick- 
ness 0.175 mm. Globotruncana mayaroensis zone, Cjuayaguayare 
beds, Maestrichtian, Upper Cretaceous, Trinidad, B. W. I. Deposited 
iu the Cushman Collection, U. S. National Museum, Washington, 

He 

Occurrence.—Globotruncana mayaroensis zone. Abundant.  Pos- 
sibly also in Globotruncana gansseri zone. 

Remarks.—The subspecies hexacamerata and pustulata are so 
closely related that at first they were lumped together. “The more 
detailed investigation proved that the two types can be separated, not 
only on account of the difference in the number of adult chambers 
but also by the large, subcircular umbilicus and by the predominant 
meridiona! ornamentation in the last whorl of R. reicheli hexacam- 
erata. From the morphologically similar subspecies pennyi of the 
rugosa group (0.4-0.425 mm.), it is separated by the smaller size and 
the more delicate ornamentation. 

Rugoglobigerina macrecephala macrocephala n. sp., n. subsp. 
Plate 2, figs. 1-3 

Text fig. 9 

Description—The small to medium-sized trochoidal test is 4 to 
5-chambered in the adult. The rather small and deep umbilicus is 
filled with matrix and no signs of a covering plate were observed. The 
spiral side is centrally depressed and shows in well-preserved specimens 
about 2 whorls. The subglobular chambers are truncate toward the 
umbilicus and increase rapidly in size as added. ‘The peripherally 
somewhat flattened end chamber is much larger than the penultimate 
one, and in many individuals equals the whole preceding spiral in size. 
The straight sutures are well developed in the adult stage. “The large 
semicircular aperture of the end chamber is provided with a minute 
liplike border and opens into the umbilicus. “The apertures of the 
preceding chambers are not visible. The walls are thick and the 
surface is rugose. “The ornamentation of the early chambers is irreg- 
ular and coarsely hispid whereas the 2 last-formed chambers show the 
meridional pattern. The rugosities are delicate and composed of 
numerous fine continuous and discontinuous ridges. All the investi- 
gated individuals are dextrally coiling. 

Dimensions.—TVhe maximum diameter of paratypes ranges from 
0.275 mm. to 0.35 mm. 

Holotype. — Rugoglobigerina (Rugoglobigerina) macrocephala 
macrocephala Bronnimann. T.L. L. Cat. Nos. 155591-155594. Plate 
2, figs. 1-3. Maximum diameter 0.325 mm. Diameter of aperture 
0.1 mm. End chambers: radial diameter 0.175 mm.; tangential 
diameter 0.25 mm.; thickness 0.225 mm. Globotruncana mayaroensis 
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zone, Guayaguayare beds, Maestrichtian, Upper Cretaceous, Trin- 
idad, B. W. 1. Deposited in the Cushman Collection, U. S. National 
Museum, Washington, D. C. 

Text fig. 9. Rugoglobigerina macrocephala macrocephala Bronnimann. T.L.L. 
Cat. Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spiral and apertural views. (g,h,i) Same specimen, umbilical, spiral 
and apertural views. (k,l,m) Same specimen, umbilical, spiral and 
apertural views. (n-s) Views of 6 different specimens. 
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Occurrence.-— Globotruncana mayaroensis zone. Abundant. 
Globotruncana lapparenti, s. 1. zone. Rare. 

Remarks.—This subspecies is the central form of the macrocephala 
group, typified by the large-sized end chamber. It is distinguished 
from the subspecies ornata by the relatively small test and by the 
coarsely and irregularly ornamented early chambers of the last volu- 
tion. Only the 2 last chambers carry the meridional pattern. 

Rugoglobigerina macrocephala ornata n. sp., n. subsp. Plate 2, figs. 4-6 
Text fig. 10 

Description—The relatively large trochoidal test is, as a rule, 
4-chambered in the adult. The deep and small umbilicus is invariably 
filled with matrix and only remains of the covering plate were 
observed. The slightly depressed spiral side exhibits about 2 whorls. 
The truncate and peripherally rounded chambers increase rapidly in 
size. The end chamber is occasionally smaller than the penultimate 
one (compare the descriptions of the reicheli group). The sutures 
between the chambers of the adult are deep and straight, those of 
the initial portion indistinct. The large, semicircular aperture of 
the end chamber is provided with minute liplike borders and opens into 
the umbilicus. The walls are thick. The irregular arrangement of 
the rugosities is confined to the innermost chambers. “The 4 last 
chambers show in general the meridional pattern. ‘The specimens are 
invariably dextrally coiling. 

Dimensions.—The maximum diameter of paratypes measures 
from 0.325 mm. to 0.4 mm. 

Holotype-—Rugoglobigerina (Rugoglobigerina) macrocephala or- 
nata Bronnimann. T.L.L. Cat. Nos. 155591-155594. Plate 2, 
figs. 4-6. Maximum diameter 0.35 mm. End chambers: radial diam- 
eter 0.15 mm.; tangential diameter 0.25 mm.; thickness 0.225 mm. 
Globotruncana mayaroensis zone, Guayaguayare beds, Maestrichtian 
Upper Cretaceous, Trinidad, B. W.1I. Deposited in the Cushman 
Collection, U. S. National Museum, Washington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Abundant. Globo- 
truncana lapparenti, s. 1. zone. Rare. 

Remarks.—The subspecies ornata is similar to macrocephala, but 

rather constant differences in size and development of the meridional 
pattern justify separate subspecies. “The test of ornata is larger than 
that of macrocephala, and in addition shows a more pronounced 
meridional pattern in the adult. It occupies an intermediate position 
between the macrocephala and the rugosa groups. 
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Text fig. ro. Rugoglobigerina macrocephala ornata Bromnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
sp.ral and apertural views. (g,hi) Same specimen, umbilical, spiral 
and apertural views. 

Rugoglobigerina rugosa rugosa (Plummer) 1926 Text figs. 11, 12, 13 

Globigerina rugosa Plummer, 1926, Univ. Texas, Bull. 2644, pp. 38-39, 
pl. 2, figs. roa-d; Loetterle, 1937, Nebraska Geol. Survey, Bull. 12. 

(2) Globigerina cretacea d’Orbigny, Young, 1951, Jour. Paleont., 25(1) : 
pp. 65-66, pl. 14, figs. 1-3. 

(?)Globigerina cretacea d’Orbigny var. esnehensis Nakkady, 1950, ibid., 
24(6): p. 689, pl. go, figs. 14-16- 
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Description.—The large low trochoidal test is 4-, 5-, and 6-cham- 
bered in the adult. The chambers of the last volution are truncate 
toward the aperture, rounded at the peripheral side, and increase 
moderately in size as added. The end chamber is displaced toward 

Text fig: r1 (all 4, 5-chambered specimens). Rugoglobigerina rugosa rugosa 
(Plummer). T.L.L. Cat. Nos. 155591-155594. Globotruncana maya- 
roénsis zone, Guayaguayare beds, Upper Cretaceous. All appr. X 80. 
(a,b,c) Same specimen, umbilical, spiral and apertural views. (d,e,f) 
Same specimen, umbilical, spiral and apertural views. (g,h,i) Same 
specimen, umbilical, spiral and apertural views. 
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the umbilical side and occasionally smaller in size than the penultimate 
one. The spiral side shows about 2 whorls. Due to the coarse 
rugosities no information can be given regarding the arrangement 

Text fig. 12 (5-chambered specimens). Rugoglobigerina rugosa rugosa 
(Plummer). T.L.L. Cat. Nos. 155591-155594. Globotruncana maya- 
roensis zone, Guayaguayare beds, Upper Cretaceous. All appr. X 65. 
(a,b,c) Same specimen, umbilical, spiral and apertural views. (d,e,f) 
Same specimen, umbilical, spiral and apertural views. (g-i) Umbilical 
views 3 different specimens. 
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specimens). Rugoglobigerina rugosa rugosa fig. 13 (6-chambered 
(Plummer). T.L.L. Cat. Nos. 155591-155594. Globotruncana maya- 
roensis zone, Guayaguayare beds, Upper Cretaceous. All appr. X 65. 
(a,b,c) Same specimen, umbilical, spiral and apertural views. (d,e,f) 
Same specimen, umbilical, spiral and apertural views. (g,h,i) Same 
specimen, umbilical, spiral and apertural views. 
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of the innermost portion which is occasionally slightly depressed. ‘The 
subcircular umbilicus is large and deep, and in well-preserved indivi- 
duals is covered by a delicate plate with irregular openings. As a rule, 
only fragments of this covering plate are preserved. ‘The sutures are 
deep, well marked, straight on the umbilical side, and straight to 
curved on the spiral side. The large, semicircular apertures are pro- 
vided with minute liplike projections. The apertures are directed 
into the umbilicus. The surface of the adult chambers is ornamented 
by coarse rugosities, arranged in the meridional pattern. The early 
ontogenetic chambers are irregularly rugose. The meridionally ar- 
ranged ridges and spines are much coarser than in the macrocephala 
and reicheli groups. Only dextrally coiling individuals were counted. 

Dimensions.—The maximum diameter of the tests ranges from 
0.4 mm. to 0.575 mm. 

Lectotype (here designated).—Globigerina rugosa Plummer 1926 
Univ. Texas; Bull. 2644, pl. 2; fig... toa, Navarro /clay.)) Walker 
Creek, Cameron, Milam Co., Texas. 

Occurrence. — Globotruncana  mayaroensis zone. Abundant. 
Globotruncana lapparenti, s. 1. zone. Rare. 

Remarks.—The central type and the related subspecies of the 
rugosa group can readily be distinguished from the similar 5- and 
6-chambered forms of the reicheli group by the larger tests and the 
stronger rugosities. The 4-chambered tests display affinities to the 
likewise 4-chambered R. macrocephala ornata, and it appears that 
the smaller and not so coarsely rugose macrocephala group is related 
to the large and strongly ornamented rugosa group. The subspecies 
rugosa is separated from rotundata by the difference in the develop- 
ment of the adult chambers, the large, subcircular umbilicus, and the 
less spherical test. ‘The 6-chambered forms differ from the related 
pennyi by the larger test and stronger increase in size of the chambers. 

Mrs. H. J. Plummer figured and described specimens of R. rugosa 
rugosa (1926, pp. 38-39, pl. 2, figs. 10a-d) from the Upper Cretaceous 
Navarro clay, bank of Walker Creek, 6 miles N. 15° E. of Cameron, 
Milam Co., Texas, about 5 feet below Midway greensand, which per- 
fectly agree in size and ornamentation with the specimens described 
from the Trinidad Cretaceous. 

It is also possible that Nakkady’s new variety of G. cretacea 
(1950, p. 689, pl. 90, figs. 14-16) from the “top shale’ and Lower 
Eocene samples of Abu Durba, the Lower Eocene of Wadi Danili, 
and from a “lower zone’ and the Lower Eocene of Gebel Duwi has 
to be assigned to the genus Rugoglobigerina. Nakkady’s description 
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and figures unfortunately are not adequate, and the original material 

will have to be checked in order to decide the validity of Nakkady’s 

determination. 

Text fig. 14. Rugoglobigerina rugosa pennyi Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spiral and apertural views. (g,h,i) Same specimen, umbilical, spiral 
and apertural views. 
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Kugoglobigerina rugosa pennyi n. sp., n. subsp. Plate 4, figs. 1-3 
Text fig. 14 

Description.—The test is of intermediate size, between the forms 
of the reicheli group and the typical representatives of rugosa. ‘The 
chambers are arranged in a low trochoidal spire of about 2 whorls. 
The spiral side is slightly depressed. The last volution comprises 6 
tc 7 chambers, which do not, or only very slowly, increase in size. 
The chambers are truncate at the anertural side and rounded peri- 
pherally. The subcircular umbilicus is large and deep, and covered 
with a frail plate, usually only preserved in fragments along the aper- 
tural edges. The large, arcuate apertures open into the umbilicus 
and seem to be provided with minute liplike borders. The sutures 
are well defined and fairly deep on the umbilical side. The surface 
shows: strong rugosities which in the last volution are arranged in 
the meridional pattern. 

Dimensions —TVhe maximum diameter of the paratypes ranges 
from 0.4 mm. to 0.425 mm. 

Holotype.—Rugoglobigerina (Rugoglobigerina) rugosa pennyi 
Bronnimann. JP. b. L. Gat. Nos. 155591-155594.. (Plate 4,7 fies. 1-s: 
Maximum diameter 0.4 mm. Diameter of umbilicus 0.15 mm. End 
chamber: radial diameter 0.125 mm.; tangential diameter 0.175 mm.; 
thickness 0.125 mm. Globotruncana mayaroensis zone. (Guaya- 
guayare beds, Maestrichtian, Upper Cretaceous, Trinidad, B. W. I. 
Deposited in the Cushman Collection, U. S$. National Museum, Wash- 
ington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Common. 
Remarks.—TVhis subspecies is related to the 4 to 6-chambered 

rugosa, but can be separated on account of the smaller average size 
(0.4-0.425 mm. against 0.4-0.57 mm.), the 6 to 7 chambers of the last 
volution, their less marked increase in size, and the much larger 
umbilicus. It is named for F. W. Penny who extensively developed 
the use of Foraminifera in correlation and in mapping the marine 
‘Tertiary clays of the southern part of Trinidad in the early ‘[wenties. 

Rugoglobigerina rugosa rotundata n. sp., n. subsp. Plate 4, figs. 7-9 
Text figs. 15, 16 

Description.—The large, occasionally subspherical test starts with 
a low, trochoidal spiral which is followed in the adult by a somewhat 
higher volution with 5 to 6 chambers increasing little in size. The 
chambers of the last whorl are truncate at the apertural side, rounded 
at the periphery and much elongated in axial direction. The spiral 
side with about 2 whorls is usually slightly depressed. “The aperture, 
as seen in the end chamber, is large, arcuate, and opens into the deep 
and narrow umbilicus. The covering plate seems to be absent. ‘The 
deep sutures are straight on the umbilical side, and straight to slightly 
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curved on the spiral side. “The surface is ornamented by numerous 
coarse pustules and small ridges arranged in an indistinct meridional 

*Text fig. 15. 
Nos. 

Rugoglobigerina rugosa rotundata Bronnimann. 
155591-155594. Globotruncana mayaroensis zone, Guayaguayare 

beds, Upper Cretaceous. All appr. X 80. (a,b,c) 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spir2l and apertural views. 

Teepe Cate 

Same specimen, 
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pattern. All the investigated specimens are dextrally coiling. 
Dimensions —The maximum diameter of the paratypes is from 

0.5 mm. to 0.55 mm. 
Holotype.—Rugoglobigerina (ugoglobigerina) rugosa rotundata 

Bronnimann. T.L.L. Cat. Nos. 155591-155594. Plate 4, figs. 7-9. 
Maximum diameter 0.5 mm. End chamber: radial diameter 0.175 
mm.; tangential diameter 0.275 mm.; thickness 0.375 mm. Globo- 
truncana mayaroensis zone, Guayaguayare beds, Maestrichtian, Upper 
Cretaceous, Trinidad, B. W. 1. Deposited in the Cushman Collection 
U. S. National Museum, Washington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Common. 
Remarks.—The rather irregular, occasionally almost subglobular 

test with the large, axially elongated chambers of the last volution, 
and the deep and small umbilicus, differentiate this subspecies from 
other Rugoglobigerinas. In addition, the ornamentation is not so 
clearly developed in a meridional pattern as observed in typical rep- 
resentatives of the rugosa group. It is believed that R. rugosa rotun- 
data is an offshoot of the rugosa group. 

Text fig. 16. Rugoglobigerina rugosa rotundata Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. 
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Subgenus PLUMMERELLA n. subgen. 

Diagnosis—Test small, Hantkenina-like, almost planispiral to 
distinctly trochoidal, generally only last whorl visible. Chambers 
increasing in size as added, compressed in early portion of last volution, 
slightly to much inflated in the adult. Spines in axial position of the 
chambers, present throughout the last whorl or restricted to early 
chambers. Sutures straight, shallow, but clearly marked. Umbilicus 
developed in trochoidal species, probably with covering plate. Aper- 
ture unknown, in analogy to the related forms probably rounded and 
large, leading into the umbilicus. Wall thick and surface ornamented 
by minute spines and ridges, either irregularly distributed or arranged 
in rows radiating from a central point on the surface toward the 
apertural face (meridional pattern). 

Subgenerotype—Rugoglobigerina (Plummerella) hantkeninoides 
hantkeninoides Bronnimann. Globotruncana mayaroensis zone, Guay- 
aguayare beds, Maestrichtian, Upper Cretaceous, Trinidad, B. W. I. 

Remarks.—This remarkable subgenus of Rugoglobigerina consists 
at present of one species split into 3 well-defined and easily distinguish- 
able but closely related subspecies; P. hantkeninoides hantkeninoides 
(subgenerotype). P. hantkeninoides costata, and P. hantkeninoides 
inflata. Plummerella differs from the Tertiary genus Hantkenina 
Cushman 1924, to which it displays certain similarities, by the slightly 
to distinctly trochoidal adult stage and by the rugose surface showing a 
radiating structure at least in the more trochoidal representatives. 
From the Upper Cretaceous hantkeninoid genus, Schackoina Thalmann 
1932, the new subgenus differs by the general form of the test, which 
in Schackoina is almost planispiral and involute in the adult, by the 
development of the spines, and by the ornamentation. (Cushman, 
1946; Reichel, 1947.) 

The subgenus is named after the late Mrs. Helen Jeanne Plum- 
mer who for the first time drew the attention of micropaleontologists 
to the ornate Upper Cretaceous Globigerinas. 

Occurrence.—Globotruncana mayaroensis zone, CGuayaguayare 
beds, Maestrichtian, Upper Cretaceous, Trinidad, B. W. I. 

Plummerella hantkeninoides hantkeninoides n. sp., n. subsp. 

Plate 3, figs. 1-3 
Text fig. 17 

Description The delicate asteroid test resembles the Middle 
Eocene Hantkenina (Aragonella) mexicana Cushman 1925. Only the 
last 5-chambered volution is visible. “The chambers are arranged in 
an indistinct trochoidal spiral. ‘The peripherally well-separated cham- 
bers are compressed, except the end chamber which in some individuals 
is slightly inflate. [he chambers are radially elongate and possess 
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throughout the last whorl axially situated spines. The angles between 
the spines measure on the average 70°-80°. In general the spines 
of the last chambers are smaller than those of the earlier ones. 
It is possible that this feature becomes obsolete in the course 
of the ontogenetic development. The umbilicus is indistinct, and 
the central areas are, on both sides. masked by matrix. ‘The sutures 
are straight, shallow, but elearly defined. The aperture is not known. 
The walls appear to be thick. The surface is rugose, and, in a few 
specimens, even a kind of linear pattern can be observed. Due to the 
indistinct trochoidal spiral the direction of coiling can not be deter- 
mined. 

Dimensions —The maximum diameter of the tests, including the 
spines, varies from 0.25 mm. to 0.35 mm. 

Text fig. 17. Plummerella  hantkeninoides hantkeninoides Bronnimann. 
T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis zone. 
Guayaguayare beds, Upper Cretaceous. All appr. X 80. (a,b) Same 
specimen, lateral and apertural views. Holotype. (c,d) Same specimen, 
lateral and apertural views. (e,f) Same specimen, lateral and apertural 
views. (g,h) Same specimen, lateral and apertural views. (i,k) Same 
specimen, lateral and apertural views. 
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Holotype.-—Rugoglobigerina (Plummerella) hantkeninoides hant- 
keninoides Bronnimann. T.L.L. Cat: Nos. 155591-155594. Text 
fig. 17a,b. All appr. X 80. Plate 3, figs. 1-3. Maximum diameter 
0.370 mm. Radial diameter of spinose chambers 0.1-0.125 mm. 
Thickness of end chamber 0.085 mm. Globotruncana mayarvensis 
zone, CGuayaguayare beds, Maestrichtian, Upper Cretaceous, Trin- 
idad, B. W. 1. Deposited in the Cushman Collection, U. S. National 
Museum, Washington, D. C. 

Occurrence-—Only found in the Globotruncana  mayaroensis 
zone. Scarce. 

Remarks.—This species is named after its Hantkenina-like outline. 
It differs from the related forms by the faint trochoidal test, by the 5 
laterally compressed spinose chambers, and by the only slightly inflated 
end chamber. 

Plummerella hantkeninoides costata n. sp., n. subsp. Plate 3, figs. 4-6 
Text fig. 18 

Description —The test is stellate in outline and comprises in the 
last volution 5 chambers arranged in a depressed trochoidal spiral. 
The early chambers are slightly, the end chambers strongly, inflated 
to subglobular. The trochoidal structure is clearly visible from the 
frontal side. The peripherally well-separated chambers, except the 
end chamber, are elongate in radial direction into roughly axially 
situated points, which correspond to the spines of the central type 
hantkeninoides hantkeninoides. “The end chamber does not possess 
a spine, thus ind:cating that this feature disappears in the course of the 
ontogeny (see remarks on the occurrence in spines in P. hantkeninoides 
hantkeninoides). The spines are separated by angles of 70°-80°. 
The rather shallow umbilicus is not well defined and is filled with 
matrix. No details are visible on the spiral side. The straight sutures 
are deep and clearly marked. ‘The aperture is large, semicircular and 
opens into the umbilicus. The walls seem to be thick and the surface 
is strongly rugose; the individual ridges and spines—at least of the 
end chambers—radiate from a central point on the surface. The 
strong ornamentation of the’ early chambers of the last volution is 
irregular. The only well-preserved specimen is coiling to the right 
hand side. 

Holotype—Rugoglobigerina (Plummerella) hantkeninoides costata 
Bronnimann, T. L. L. Cat. Nos. 155591-155594. Text figs. 18a,b,c. 
Plate 3, figs. 4-6. Maximum diameter 0.35 mm. Radial diameter of 
first spinose chambers 0.15 mm. Globotruncana mayaroensis zone, 
Guayaguayare beds, Maestrichtian, Upper Cretaceous, ‘Trinidad, 
B. W. I. Deposited in the Cushman Collection, U. S. National 
Museum, Washington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Rare. 
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Text fig. 18. Plummerella hantkeninoides costata Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. Holotype. 

Remarks.—This subspecies is transitional between the central 
type hantkeninoides and the 3-spined, strongly trochoid subspecies 
inflata. It differs from the typical form by the distinct trochoidal 
tests, by the stronger inflated chambers, and by the complete reduction 
of the spine of the end chamber. It can be separated from inflata by 
the reduction of the number of spinose chambers to 2 or 3, and by the 
less inflated end chambers. 

Plummerella hantkeninoides inflata n. sp., n. subsp. Plate 3, figs. 7-9 
Text fig. 19 

Description The small 5-chambered trochoidal test is stellate 
in its early stage. . The spineless adult approaches the Globigerina type 
as represented by the Rugoglobigerina macrocephala group. ‘The first 
3 chambers are laterally compressed, but not as strongly as in the 
subspecies hantkeninoides, and are provided axially with pointed, oc- 
casionally spinelike prolongations. “The 2 last-formed chambers are 
spineless and strongly inflate. The axis of the early spinelike chambers 
are separated by angles of 50°-60°. The subcircular umbilicus is well 
defined and generally filled with matrix. No indication of a covering 
plate was found, but from the general morphology of the test its 
presence can be expected. ‘The spiral side is masked by matrix. ‘The 
aperture is arcuate and opens into the umbilicus. “The straight sutures 
are well defined throughout the last whorl. “The walls appear to be 
thick, and the surface is strongly rugose. “The ornamentation of the 
last-formed chambers shows a distinct meridional pattern, radiating 
from a peripheral pole toward the apertural face. The coarse surface 
of the spinose chambers is less regular. All the investigated specimens 
are dextrally coiling. 

Dimensions —The maximum diameter of the paratypes, including 
the spines, is from 0.275 mm. to 0.375 mm. 

Holotype. Rugoglobigerina (Plummerella) hantkeninoides  in- 
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flata Bronnimann. T.L. L. Cat. Nos. 155591-155594. Text figs. 
19d,e,f. All appr. & 80. Plate 3, figs. 7-9. Maximum diameter 0.30 
mm. End chambers: radial diameter 0.125 mm.; tangential diameter 
0.175 mm.; thickness 0.125 mm. Radial diameter of first spinose 
chamber 0.10 mm. Globotruncana mayaroensis zone, Guayaguayare 

Text fig. 19. Plummerella hantkeninoides inflata Bronnimann. T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b,c) Same specimen, 
umbilical, spiral and apertural views. (d,e,f) Same specimen, umbilical, 
spiral and apertural views. Holotype. (g,h,i) Same specimen, umbilical, 
spiral and apertural views. (k,l,m) Same specimen, umbilical, spirai 
and apertural views. 
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beds, Maestrichtian, Upper Cretaceous, Trinidad; B. W. I. Deposi- 
ted in the Cushman Collection, U. S. National Museum, Washington, 
DAC, 

Occurrence.—Globotruncana mayaroensis zone. Common. 
Remarks.—This distinctly trochoid and strongest inflated sub- 

species of the hantkeninoides group shows only 3 spinose chambers. 
The new feature, 7. e., the subglobular, regularly patterned Globigerina- 
like chamber, becomes the predominant characteristic of the adult test. 
Although no stratigraphic proof can be offered, it can be assumed that 
the hantkeninoid chambers are a more primitive feature, superseded in 
the course of ontogeny by the spineless Globigerina chambers. This 
subspecies, therefore, seems to be more progressive than the others. 
The subspecies inflata can easily be distinguished by the reduced 
hantkeninoid portion and by the 2 characteristic subglobular end 
chambers. In addition, the test is considerably more trochoidal. It 
is of interest to note that the angles between the axis of the hantkeni- 
noides chambers are smaller than in the related forms. 

Genus GLOBIGERINELLA Cushman 1927 

The following, in the adult planispiral Globigerinas, have been 
assigned to the genus Globigerinella, although a few individuals 
develop occasionally a faint trochoidal arrangement. 

Globigerinella messinae messinae n. sp., n. subsp. Plate 1, figs. 6, 7 
Text fig. 20 

Description The small and compressed test with its more 
or less lobate outline is semi-involute and planispiral in the adult 
though occasionally developing a tendency toward a weak trochoidal 
spiral. ‘The test throughout is closely coiled. The adult volution 
comprises 5, rarely 6, chambers. They are peripherally rounded and 
laterally somewhat compressed, and increase in size rapidly. The 
cutline of the chambers is elongate-ellipsoid in apertural view, and 
subcircular in umbilical view. The shallow umbilici are partly 
covered with the prolongations of the delicate liplike projections of 
the apertural border. In well-preserved individuals they exhibit por- 
tions of the early ontogenetic volutions. No details of shape and 
arrangement of the innermost chambers are recognizable. The straight 
sutures are deep and well marked. The large arcuate aperture is 
situated equatorially at the base of the end chamber. ‘The aperture 
is surrounded with delicate liplike projections extending into the 
umbilici. The walls appear to be thin and finely perforate. Minute 
papillae are evenly distributed over the surface. Early chambers are 
more strongly ornamented. 

Dimensions.—The maximum diameter of the paratypes ranges 
from 0.31 mm. to 0.4 mm. 



43 TRINIDAD CRETACEOUS GLOBIGERINIDAE: BRONNIMANN — 43 

Text fig. 20. Globigerinella messinae messinae Bronnimann, T.L.L. Cat. 
Nos. 155591-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b) Same _ specimen, 
umbilical and apertural views. Holotype. (c,d) Same specimen, umbilical 
and apertural views. (e,f) Same specimen, umbilical and apertura] 
views. (g,h) Same specimen, umbilical and apertural views. (i,k) 
Same specimen, umbilical and apertural views. (l,m) Same specimen, 
umbilical and apertural views. (n,o) Same specimen, umbilical and 
apertural views. (p,q) Same specimen, umbilical and apertural views. 
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Holotype.—Globigerinella messinae messinae Bronnimann. T. 
Ea. Cato Nes: 155591-155594., ext figs: 20a,be Allvappr. >< So: 
Plate 1, figs. 6, 7. Maximum diameter 0.4 mm. End chamber: 
radial diameter 0.2 mm.; tangential diameter 0.2 mm.; thickness 
0.175 mm. Globotruncana mayaroensis zone, Guayaguayare beds, 
Maestrichtian, Upper Cretaceous, Trinidad, B. W.1I. Deposited in 
the Cushman Collection, U. S. National Museum, Washington, 
DAC 

Occurrence. — Globotruncana  mayaroensis zone. Abundant. 
Globtruncana lapparenti, s. 1. zone. Rare. 

Remarks.—This subspecies is named after Miss A. Messina, 
co-author of the Catalogue of Foraminifera. It differs from the 
related forms by the rounded periphery of the chambers. From 
Globigerinella voluta (White), originally described from the Mendez 
shale and from the base of the Velasco shale, Tampico Embayment 
area, Mexico (White, M. P., 1928, pp. 197-198, pl. 28, figs. 5a-b) 
it is distinguished by the much smaller size, the distinctly laterally 
compressed, finely ornamented chambers, and by the large arcuate 
aperture with liplike projection, which in Globigerinella voluta is 
“a thin lunate opening in the suture on the margin of the last cham- 
ber.” 

Globigerinella messinae subcarinata n. sp., n. subsp. Plate 1, figs. 10, 11 
Text fig. 21 

Description—vThe small, compressed and planispiral test has a 
lobate outline. “The adult volution is composed of 5, rarely 6, much 
compressed, subcarinate chambers. The last whorl is semi-involute, 
exposing in the shallow umbilici parts of the earlier chambers. The 
chambers are, separated by rather deep and straight sutures. “The end 
chamber is occasionally not larger or even smaller than the penultimate 
one. ‘The outline of the individual chambers is elongate-ellipsoid in 
apertural and subcircular in lateral view. Early ontogenetic chambers 
are rounded peripherally, similar to those of the subspecies messinae. 
The large arcuate aperture is situated equatorially at the base of the 
end chamber and is provided with a delicate, indistinct liplike pro- 
jection. ‘The walls appear to be thin and finely perforate. Minute 
papillae are evenly distributed over the surface. The ornamentation 
is stronger in the early stage of the last volution. 

Dimensions —The maximum diameter of the paratypes varies 
from 0.3 mm. to 0.4 mm. 
Holotype. — Globigerinella  messinae subcarinata Bronnimann. 

Wedjads. Gate Nos: 155501-15550455 Wexti hes. )21a.b.e VAlle appr 
x 80. Plate 1, figs. 10, 11. Maximum diameter 0.35 mm. End cham- 
ber: radial diameter 0.15 mm.; tangential diameter 0.15 mm.; thickness 
0.10 mm. Globotruncana mayaroensis zone, Guayaguayare beds, 
Maestrichtian, Upper Cretaceous, Trinidad, B. W.I. Deposited in 
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the Cushman Collection, U. S. National Museum, Washington, 
i Fi ee 

Occurrence.—Globotruncana mayaroensis zone. Rather scarce. 
Remarks.—The subspecies siwzbcarinata is closely related to mes- 

sinae and transitional forms are difficult to assign. Most of the tests 
however can be classified without difficulty. As a rule, swbcarinata 
is more compressed, coarser ornamented and stronger evolute than 
the non-carinate central type. In addition the liplike projection is 
better developed in messinae than in subcarinata. Early ontogenetic 
stages of the 2 subspecies are almost identical. 

Text fig. 21. Globigerinella messinae subcarinata Bronnimann. T.L.L. Cat. 
Nos. 155597-155594. Globotruncana mayaroensis zone, Guayaguayare 
beds, Upper Cretaceous. All appr. X 80. (a,b) Same specimen, umbilical 
and apertural views. Holotype. (c,d) Same specimen, umbilical and 
apertural views. (e,f) Same specimen, umbilical and apertural views. 
(g,h) Same specimen, umbilical and apertural views. (i,k) Same 
specimen, umbilical and apertural views. (l,m) Same_ specimen, 
umbilical and apertural views. 
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Globigerinella escheri escheri (Kaufmann) 1865 Text figs. 22, 23 

Nonionina escheri Kaufmann, 1865, in Heer, Die Urwelt der Schweiz, 
p. 198, text fig. 110<. 

Globigerina aspera (Ehrenberg), Franke, 1928, Preuss. geol. Landesanst., 
Abh., n. f., Heft 111, p. 192, pl. 18, figs. roa-c. 

Globigerinella aspera (Ehrenberg), Carman, 1929, Jour. Paleont., 3(3) ; 

p- 315, pl. 34, fig. 6. » 

Description.—The relatively small, more or less lobulate and 
slightly compressed test is planispiral in the adult. It is possible that 
the early ontogenetic chambers are arranged in a weak trochoidal 
spiral. The adult spiral is semi-involute to almost evolute. The last 
volution is 6-chambered as a rule, but specimens with 5 and 7 chambers 
were also recorded. The chambers are subglobular in early stages, 
later laterally compressed, and increase slowly in size as added. ‘The 
end chamber is larger than the penultimate one, but not predominant 
in size, and somewhat elongate. ‘The outlines of the chambers are 
elongate-ellipsoid in apertural view, and subcircular in lateral view. 
The umbilici are shallow, and, due to adhering matrix, details of 
the early portion of the test can be seen only exceptionally. The 
sutures are straight, broad and deep. The low- arcuate apertures 
of the end chambers are basal and equatorial. No lips or liplike pro- 
jections were observed. ‘The walls are thin and finely perforate. The 
surface is smooth. 

Dimensions —The maximum dimmeren of the test ranges from 
0.225 mm. to 0.275 mm. 

Lectotype (here designated).— Nonionina escheri Kaufmann, 
1865, in Heer, O., Die Urwelt der Schweiz, p. 108, text fig. 110a, 
F. Schulthess, Zurich. Upper Cretaceous. 

Occurrence.—Globotruncana lapparenti, s. 1. zone. Common to 
abundant. 

Remarks.—Nonionina escheri Kaufmann, 1865, was originally 
reported from the Upper Cretaceous Seewerkalk of Switzerland 
(Seewen and Gersau) and from the White Chalk of England. Ac- 
cording to Bolli (1944, p. 275-277) the Seewerkalk comprises at 
the locality of Seewen top Cenomanian and ‘Turonian-Senonian, 
characterized by Globotruncana apenninica, Globotruncana stefani, 
Globotruncana o. renzi (Cenomanian-Lower Turonian) and by Globo- 
truncana helvetica, Globotruncana lapparenti inflata, Globotruncana 
lapparenti lapparenti, Globotruncana lapparenti bulloides, Globotrun- 
cana lapparenti tricarinata, Globotruncana lapparenti coronata, and 
Globotruncana globigerinoides (Turonian-Senonian). Although the 
specimens described and figured by Kaufmann are slightly smaller than 
the average individuals from the Upper Cretaceous of Trinidad, their 
characteristics agree perfectly. The 5 to 6-sided “first chamber’’ of 
Kaufmann obviously represents the umbilical area which also in the 
Trinidad specimens is 5 to 6-sided. The much larger Globigerinella 
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Text fig. 22. Globigerinella escheri escheri (Kaufmann). T.L.L. Cat. Nos. 
167518, 167519. Globotruncana lapparenti, s. 1. zone, Upper Cretaceous. 
All appr. X 80. (a,b) Same specimen, umbilical and epentural views. 
(c,d) Same specimen, umbilical and apertural views. (e,f) Same 
spec.men, umbilical and apertural views. (g,h) Same_ specimen, 
umbilical and apertural views. (i,k) Same specimen, umbilical and 
apertural views. (l,m) Same specimen, in umbilical and apertural 
views. (n,o) Same specimen, umbilical and apertural views. (p,q) 
Same specimen, umbilical and apertural views. 

voluta (White, 1928, p. 197, pl. 28, figs. 5a,b) with almost globular 
chambers is considered to represent a different species. This however 
should be checked with the original material. Globigerinella messinae 
messinae and the subspecies subcarinata differ from Globigerinella 
escheri escheri by the larger size, by the more involute and compressed 
test, and by the high arcuate basal aperture with liplike projections. 
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Text fig. 23. Globigerinella escheri escheri (Kaufmann). T.L.L. Cat. Nos. 
167518, 467519. Globotruncana lapparenti s. |. zone, Upper Cretaceous. 
All appr. X So. 17 different individuals in umbilical view. 

Globigerinella escheri escheri is closely related to the subspecies 
clavata. ‘Transitional forms between the two subspecies are common. 
Typical representatives of the much scarcer clavata with its peculiar 
prolongation of the end chamber, however, can be determined without 
difficulty. 

Rotalia aspera Ehrenberg (1854, figs. 28, 42, 44, 57, 58) may 
in part possibly represent species of Upper Cretaceous Globigerinellas. 
Ehrenberg’s description and figures, however, are considered to be 
inadequate, and the name aspera, therefore, should not be used, unless 
Ehrenberg’s material has been revised and a lectotype has been desig- 
nated. Globigerinella aspera (Carman, 1929, p. 315, pl. 34, fig. 6) 
from the Niobrara formation of Wyoming, belongs to Globigerinella 
escheri escheri. Also Globigerina aspera (Ehrenberg), reported by 
Franke (1928, p. 192, pl. 18, figs. 10a-c) from various Turonian- 
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Senonian localities of Germany, appears to be identical with Kauf- 
mann’s species. 

Globigerinella aspera (Ehrenberg) from the Upper Cretaceous 
White Chalk found as imported material in Antigua (Cushman, 1931, 
pp. 44-45, pl. 6, figs. 5a-b) may be a low trochoidal Rugoglobigerina 
(see p. 13 of the present paper). 

Globigerinella escheri clavata n. subsp. Plate 1, figs. 12, 13 

Text figs. 24, 25, 26 

Description—The test is similar to that of Globigerinella escheri 
escheri, except that the end chamber, occasionally also the penultimate 
one, is distinctly prolonged in radial direction, thus producing in 
lateral view a broad ellipsoid, non-tapering outline. Text figure 26 
shows a specimen with extremely long and compressed end chamber 
determined here as Globigerinella aff. escheri clavata. 

Text fig. 24. Globigerinella escheri clavata Bronnimann. T.L.L. Cat. Nos. 
167518, 167519. Globotruncana lapparenti, s. |. zone, Upper Cretaceous. 
All appr. X 80. (a,b) Same specimen, umbilical and apertural views. 
(c,d) Same specimen, umbilical and apertural views. (e,f) Same 
specimen, umbilical and apertural views. Holotype. T.L.L. Cat. 
No. 167518. 

Dimensions—The maximum diameter of the paratypes is from 
0.225 mm. to 0.275 mm. 

Holotype.—Globigerinella escheri clavata Bronnimann. T. L. L. 
Cat. No. 167518. Text fig. 24e,f. All appr. & 80. Plate 1, figs. 12, 13. 
Maximum diameter 0.238 mm. End chamber: radial diameter 0.11 
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Text fig. 25. Globigerinella escheri clavata Bronnimann. T.L.L. Cat. Nos. 
167518, 167519. Globotruncana lapparenti, s. |. zone, Upper Cretaceous. 
All appr. X 80. (a,b) Same specimen, umbilical and apertural views. 
(c,d) Same specimen, umbilical and apertural views. (e,f) Same 
specimen, umbilical and apertural views. (g,h) Same specimen, 
umbilical and apertural views. (i,k) Same specimen, in umbilical and 
apertural views. (l,m) Same specimen, umbilical and apertural views. 
(n,o) Same specimen, umbilical and apertural views. 

mm.; tangential diameter 0.1 mm.; thickness 0.075 mm. Thickness 
of first chamber of last volution 0.050 mm. Globotruncana lapparenti, 
s. 1. zone, Upper Cretaceous, Trinidad, B. W.I. Deposited in the 
Cushman Collection, U. S. National Museum, Washington, D. C. 

Occurrence.—Globotruncana lapparenti, s. 1. zone. Scarce. 

Remarks——The subspecies differs from the central type by the 
prolongation of the end chamber and by the non-tapering outline in 
lateral view. Globigerina subdigitata (Carman, 1929, p. 315, pl. 34, 



51 ‘TRIN@AD CRETACEOUS GLOBIGERINIDAE: BRONNIMANN Sa 

Text fig. 26 Globigerinella aff. escheri clavata Bronnimann. T.L.L. Cat. 
No. 167518. Globotruncana lapparenti s. 1. zone, Upper Cretaceous. 
All appr. X 80. (a) Umbilical; (b) apertural view of same specimen 
with extremely Icng end chamber. 

fig. 5, non fig. 4), from the Niobrara formation of Wyoming displays 
affinities to the subspecies clawata. “The Trinidad specimens, however, 
have radially and not obliquely arranged chambers. 

{?) Globigerinella tururensis n. sp. Plate 1, figs. 4, 5 
Text fig. 27 

Description.—The general outline of the only slightly compressed 
and not very lobulate test is ellipsoid. “The semi-involute last volution 
comprises 6 to 7 appressed chambers which are subglobular at first 
then become distinctly laterally compressed. “The chambers increase 
gradually in size, and the end chamber usually is considerably larger 
and more compressed than the penultimate one. The large subcircular 
umbilici are filled with matrix. The distinct sutures are straight but 
their direction is oblique. The large, low arcuate aperture is ap- 
parently situated in the equatorial plane at the base of the end cham- 
ber. The walls are thin, finely perforate, and the surface is smooth. 

Dimensions—The maximum diameter of the paratypes is from 
0.225 mm. to 0.35 mm. 

Holotype.—(?) Globigerinella tururensis Bronnimann. T. L. L. 
Cat. Nos. 144455, 168920. ‘Text figs. 27a,b. All appr. & 80. Plate 
1, figs. 4, 5. Maximum diameter 0.325 mm. Diameter of umbilicus 
0.075 mm. End chamber: radial diameter 0.16 mm.; tangential 
diameter 0.20 mm.; thickness 0.125 mm. Globotruncana apenninica 
zone, Gautier formation, Upper Cretaceous, Trinidad, B. W. I. 
Deposited in the Cushman Collection, U. S. National Museum, 

Washington, D. C. 

Occurrence.—Globotruncana apenninica zone, Gautier formation, 
Upper Cretaceous. Common. 

Remarks——The generic position of this species is not clear. For 
the time being it is assigned to Globigerinella. At first glance it could 
be taken as a deformed and compressed Globigerina gautierensis, which, 
however, is ornamented with small pustules, especially on the early 
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Text fig. 27. {?) Globigerinella fururensis Bronnimann. T.L.L. Cat. Nos. 
144455, 168920. Globotruncana apenninica zone, Gautier formation, 
Upper Cretaceous. All appr. X 80. (a,b) Same specimen, umbilical 
and apertural views. Holotype. (¢,d) Same specimen, umbilical and 
apertural views. (e,f) Same specimen, umbilical and apertural views. 
(g,h) Same specimen, umbilical and apertural views. (i,k) Same 
specimen, umbilical and apertural views. (l,m) Same specimen, umbili- 
cal and apertural views. 

chambers of the last volution. 
The species is named after the Turure area, E. Central Range 

where the type locality of the Gautier formation is situated. 

Genus HASTIGERINELLA Cushman 1927 

Subgenus HASTIGERINOIDES n. subgen. 

_Diagnosis.—Test stellate, planispiral in the adult, possibly tro- 
choidal in young stages. Chambers of adult subglobular to subglob- 
ular-elongate, broadly rounded at the base, gradually tapering into 
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pointed outer ends. Aperture at base of end chamber, in equatorial 
plane. 

Subgenerotype.—Hastigerinoides alexanderi (Cushman), 1931, 
Cushman Lab. Foram. Res., Contrib., 7: p. 87, pl. 11, figs. 6-9. 
Holotype, figures 6a, 6b, and 6c. Road cut between two railroad 
underpasses near the northern edge of the Town of Howe, Grayson 
County, Texas. Yellowish, calcareous clay of Austin age, Upper 
Cretaceous. 

Remarks.—The new subgenus Hastigerinoides displays affinities 
to the Middle Eocene genus Hantkenina (Aragonella), and to the 
Cretaceous—Recent genus Hastigerinella. It differs from the stellate 
subgenus dragonella by the elongate chambers which are subglobular 
at the base and uniformly tapering toward pointed outer ends. Spines 
of Hantkenina type, which are separated from the chambers proper, 
are not developed in Hastigerinoides. Hastigerinella Cushman (1948, 
p. 324) is defined by elongate, club-shaped adult chambers, with 
spines limited to the outer ends. The adult chambers of Hastiaer- 
inoides, on the other hand, are pointed, not club-shaped, at the outer 
end. ‘The difference in the shape of the adult chambers is considered 
to justify the splitting of the genus Hastigerinella Cushman into 
Hastigerinella, s. s., with club-shaped adult chambers, and Hastiger- 
inoides n. subgen. with pointed adult chambers. 

Occurrence-—Upper Cretaceous, Trinidad, B. W. I. Upper 
Cretaceous, Austin chalk, Texas. 

Hastigerinoides alexanderi (Cushman) 1931 Text fig. 28 

Hastigerinella alexanderi Cushman, 1931, Cushman Lab. Foram. Res., 
Contrib., 7: p. 87, pl. 11, figs. 6-9. 

Description.—The fairly large stellate test is planispiral in the 
adult and almost involute. “The last whorl consists of 5 to 6 chambers 
which are subglobular at the base (bulbose), elongate, and tapering 
gradually into pointed ends which as a rule are broken off. The 
chamber lumina become canal-like toward the outer ends. Spines of the 
Hantkenina type are not developed. In some individuals the early 
chambers of the last whorl appear to be subglobular. The end 
chambers are much elongate and laterally slightly compressed. The 
shallow umbilici are generally concealed by matrix. The straight 
sutures are well defined and slightly depressed. The aperture is a 
low arched slit at the base of the end chamber, according to Cushman’s 
description (1931, p. 87) with a very slight lip. The walls appear 
to be thin and finely perforate. ‘The surface is smooth. 

Dimensions —TJVhe maximum diameter of well-preserved tests 
is from 0.325 mm. to 0.4 mm. 

Occurrence.—Globotruncana lapparenti, s. 1. zone. Scarce. 
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Remarks.—The ‘Trinidad specimens are slightly smaller, but 

otherwise agree completely with those described by Cushman from 

the Austin chalk of Texas. 

Text fig. 28. Hastigerinvides alexanderi (Cushman). T.L.L. Cat. No. 
1675t8, Globotruncana lapparenti, s. 1. zone, Upper Cretaceous. All 
appr. X 80. (a,b) Same specimen, umbilical and apertural views. 
(c,d) Same specimen, umbilical and apertural views. (e-m) 8 different 
specimens in umbilical view. 
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Hastigerinoides rohri n. sp. Plate 1, figs. 8, 9 
Text fig. 29 

Description.—The small and regularly stellate test is planispiral 
and semi-involute in the adult. It is possible that the early chambers 
are arranged in a weak trochoidal spiral. The 5 elongate chambers 
of the adult only slightly increase in size during growth, and not 
much difference exists between the dimensions of the first and the 
last chamber of the final volution. “The chambers are bulbose at the 
base and tapering more or less gradually into pointed ends, which 
as a rule are broken off. “The regular stellate arrangement of the 
adult is a remarkable feature of this species. Deformations of the 
test are rather common. ‘The shallow umbilici are usually filled 
with matrix. Traces of subglobular earlier chambers can occasionally 
be seen. The straight sutures are well defined and not much depressed. 
The aperture was not clearly seen; it appears to be a low arcuate 
opening at the base of the end chamber. ‘The walls are thin and 
finely perforate. “The surface is smooth. 

Dimensions.—TVhe max.mum diameter of the paratypes including 
the elongate chambers varies from 0.2 mm. to 0.25 mm. 

Holotype.—Hastigerinoides rohri Bronnimann. T.L. L. Cat. 
Nos. 144455, 168920. Plate 1, figs. 8, 9. Maximum diameter 0.275 
mm. Basal thickness of end chamber 0.075 mm. Thickness of 
spine 0.030 mm. Radial length of average chamber 0.075 mm. 
Globotruncana apenninica zone, Gautier formation, Upper Creta- 
ceous, Trinidad, B. W.I. Deposited in Cushman Collection, U. S. 

e 

Text fig. 29. Hastigerinoides rohri Bronnimann. T.L.L. Cat. Nos. 144455, 
168920. Globotruncana apenninica zone, Gautier formation, Upper 
Cretaceous. All appr. X 80. (a,b) Same specimen, umbilical and 
apertural views. (c,d) Same specimen, umbilical and _  apertural 
views. (e,f) 2 different specimens in umbilical view. 



56 ; BULLETIN 140 56 

National Museum, Washington, D. C. 
Occurrence.—Globotruncana apenninica zone, Gautier forma- 

tion, Upper Cretaceous. Rare. 
Remarks.—This delicate species apparently is a forerunner of 

[lastigerinoides alexanderi (Cushman), from which it differs by the 
smaller test and by the regular stellate arrangement of the more or 
less equal-sized and less é¢longate adult chambers. 

This species is named for Dr. K. Rohr in’ recognition of his 
outstanding contributions to the geology of Trinidad. 

Genus TRINITELLA n. gen. 

Diagnosis.—Test trochoidal, elongate in direction of end chamber. 
Chambers truncate at apertural side, increasing in size as added (end 
chamber about twice the size of the penultimate one), subglobular 
in major portion of adult whorl, flattened at the spiral side and 
peripherally keeled in the end stage. Chambers arranged in about 
2 whorls, those of the last volution overlapped by the preceding ones. 
Sutures on the spiral side curved in direction of coiling, those on the 
umbilical side more or less straight to slightly curved backward. 
Umbilicus large, subcircular, with fragments of covering plate along 
truncate edges of chambers. Aperture large, elongate-arcuate, with 
minute liplike projection leading into the umbilicus. Wall apparently 
thick, surface coarsely rugose, especially in earlier chambers. Ornamen- 
tation suggesting a variant of the meridional pattern of Rugoglo- 
bigerina. 

Generotype.—Trinitella scotti Bronnimann. Globotruncana maya- 

roensis zone, Gsuayaguayare beds, Maestrichtian, Upper Cretaceous, 
Trinidad, B. W. I. 

Remarks.—The new genus Trinitella is monotypic and named 
after Trinidad, B.W.I. It shows affinities to Rugoglobigerina 
through the early Globigerina-like portion of the test and to Globo- 
truncana through the keeled end chamber, flattened at the spiral side. 
Trinitella, however, does not appear to be directly connected with 
the highly evolved Globotruncanas of the Globotruncana mayaroensis 
zone (Bolli, 1951) and thus is tentatively regarded to represent an 
offshoot from Rugoglobigerina. The flattened and keeled end 
stage and the overlapping chambers of the last volution easily dis- 
tinguish Trinitella from Rugoglobigerina. 

Occurrence.—Globotruncana mayaroensis zone. Common.  Pos- 
sibly also Globotruncana gansseri zone. (Guayaguayare beds, Maes- 
trichtian, Upper Cretaceous, Trinidad, B. W. I. 
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Trinitella scotti n. sp. Plate 4, figs. 4-6 
Text fig. 30 

Description.—The trochoidal test is small to medium-sized and 
elongate in direction of the end chamber. The 5 to 6 chambers of the 
adult volution are subglobular at first. They then become flattened at 
the spiral side, forming a keel. ‘These new features pertain to the end 
chamber, occasionally also to the 2 last ones. “The end chamber is 
about twice as large as the penultimate one and elongate in radial 
direction. About 2 whorls can be recognized on the spiral side. The 
slightly depressed initial portion is not clearly exposed, and no informa- 
tion regarding the arrangement of the early chambers can be obtained 
due to the coarse rugosities or adhering matrix. “The umbilicus is 
large, deep, subcircular, and probably provided with a delicate covering 
plate. Only fragments of this plate are preserved along the border 
of the umbilicus. The chambers are truncate toward the apertural 
side and increase in size as added. Seen from the spiral side, each 
adult chamber overlaps the next one. ‘The sutures on the spiral side, 

therefore, are strongly curved in the direction of coiling. Those on the 
umbilical side are deep and relatively straight to slightly curved 
backward. 

The arcuate apertures open into the umbilicus. “The walls seem 
to be thick, and the surface, especially of the inner chambers, is 
strongly rugose. The ornamentation appears to be of the meridional 
pattern, although no central point was noted on the surface of the end 

chamber. 
The counted individuals are invariably dextrally coiling. 
Dimensions—The longer diameter of the paratypes measures 

from 0.27 mm. to 0.425 mm. 
Holotype——Trinitella scotti Bronnimann. T.L.L. Cat. Nos. 

1§5591-155594. Text fig. 30a,b,c. All appr. & 80. Plate 4, figs. 4-6. 
Maximum diameter 0.4 mm. Diameter of umbilicus 0.075 mm. End 
chamber: radial diameter 0.2 mm., tangential diameter 0.225 mm. 
Diameter of aperture 0.75 mm. Globotruncana mayaroensis zone, 
Guayaguayare beds, Maestrichtian, Upper Cretaceous, ‘Trinidad, 
B. W. I. Deposited in the Cushman Collection, U. S. National 
Museum, Washington, D. C. 

Occurrence.—Globotruncana mayaroensis zone. Frequent. Pos- 
sibly also Globotruncana gansseri zone. 

Remarks.—The initial portion of this form seems to be identical 
with that of typical representatives of the rugosa-reicheli groups of 
Rugoglobigerina. 

It is named after E. Cooper Scott, former Chief Geologist of 
Trinidad Leaseholds Ltd. 
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Text fig. 30. Trinitella scotti Bronnimann. T.L.L. Cat. Nos. 155591-155594. 
Globotruncana mayaroensis zone, Guayaguayare beds, Upper Cretace- 
ous. All appr. X 80. (a,b,c) Same specimen, umbilical, spiral and 
apertural views. Holotype. (d,e,f) Same specimen, umbilical, spiral 
and apertural views. (g,h,i) Same specimen, umbilical, spiral and 
apertural views. (k,lhm) Same specimen, umbilical, spiral and apertura! 
views. 
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Globigerina gautierensis n. SP. ..........-.cece cece cece ceeees ihe 

T.L.L. Cat. Nos. 144455, 168920. Globotruncana apenninica 
zone, Gautier formation, Upper Cretaceous. All appr. X 8o. 
1, Spiral; 2, umbilical; 3, apertural view. Holotype. 

(?)Globigerinella tururensis n. Sp. ...........-22-2eeeeeeeees 51 

T.L.L. Cat. Nos. 144455, 168920. Globotruncana apenninica 
zone, Gautier formation, Upper Cretaceous. All appr. X 80. 
4, Umbilical; 5, apertural view. Holotype. 

Globigerinella messinae messinae n. sp., n. subsp. ............ 42 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 80. 
6, Umbilical; 7, apertural view. Holotype. 

Hastigerinoides rohriin. spi 06.420 ane ee ce ee 55 

T.L.L. Cat. Nos. 144455, 168920. Globotruncana apenninica 
zone, Gautier formation, Upper Cretaceous. All appr. X 80. 
8, Umbilical; 9, apertural view. Holotype. 

Globigerinella messinae subcarinata n. sp, n. subsp. ........ 44 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
10, Umbilical. 11, apertural view. Holotype. 

Globigerinella escheri clavata n. sp., n. subsp. .............. 49 

T.L.L. Cat. No. 167518. Globotruncana lapparenti s. 1. 
zone, Upper Cretaceous. All appr. X 80. 12, Umbilical; 
13, apertural view. Holotype. 
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Rugoglobigerina macrocephala macrocephala n. sp., n. subsp. 25 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
1, Spiral; 2, Umbilical; 3, apertural view. Holotype. 

Rugoglobigerina macrocephala ornata n. sp., n. subsp. ...... 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
4, Spiral; 5, umbilical; 6, apertural view. Holotype. 

Rugoglobigerina reicheli pustulata n. sp., n. subsp. .......... 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
7, Spiral; 8, umbilical; 9, apertural view. Holotype. 

Rugoglobigerina reicheli hexacamerata n. sp., n. subsp. ...... 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 80. 
ro, Spiral; 11, umbilical; 12, apertural view. Holotype. 
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Plummerella hantkeninoides hantkeninoides n. sp., n. subsp. 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
1, Spiral; 2, Umbilical; 3, apertural view. Holotype. 

Plummerella hantkeninoides costata n. sp., n. subsp. ........ 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. * 8o. 
4, Spiral; 5, umbilical; 6, apertural view. Holotype. 

Plummerella hantkeninoides inflata n. sp., n. subsp. ........ 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
7, Spiral; 8, umbilical; 9, apertural view. Holotype. 

Rugoglobigerina reicheli reicheli n. sp., n. subsp. ............ 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 8o. 
10, Spiral; 11, umbilical; 12, apertural view. Holotype. 
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Explanation of Plate 4 (4) 

Figure Page 

1-3. Rugeglobigerina rugosa pennyi n. sp., n. subsp. ............ 34 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 80. 
1, Spiral; 2, Umbilical; 3, apertural view. Holotype. 

4-65) -Erinitella gscottl nsSps Geadenc Joe eee Oe Coe 57 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 80. 
4, Spiral; 5, umbilical; 6, apertural view. Holotype. 

7-9. Rugoglobigerina rugosa rotundata n. sp., n. subsp. .......... 34 

T.L.L. Cat. Nos. 155591-155594. Globotruncana mayaroensis 
zone, Guayaguayare beds, Upper Cretaceous. All appr. X 80. 
7, Spiral; 8, umbilical; 9, apertural view. Holotype. 
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CONCERNING ENOPLOURA OF THE 

UPPER ORDOVICIAN AND ITS RELATION 

TO OTHER CARPOID ECHINODERMATA 

KENNETH E. CASTER 

University of Cincinnati 

ABSTRACT 

An essentially complete calyx of the problematical carpoid 
echinoderm, Enoploura Wetherby, from the Upper Ordovician of the 
Cincinnati, Ohic, area, proves the genus to be valid and illustrates a 
new pattern of mitrate carpoid organization. “The genus is redefined, 
the species reviewed, and three new species described (E. popez, F. 
meeki, and E. wetherbyi). In connection with a reorganization of the 
Carpoidea Mitrata, on the basis of the implications in the morphology 
of Enoploura, one new genus (Basslerocystis), one new family 
(Placocystidae), six new sub-families (Placocystinae, Enoplourinae, 
Placocystellinae, Basslerocystinae and Lagynocystinae) and four new 
sub-orders (Mitrocystida, Lagnocystida, Anomalocystida and Placo- 
cystida) are proposed. 

INTRODUCTION 

In the spring of 1951 two specimens of the rare echinoderm, 
usually referred to the species described by Meek (1872) as Anomalo- 
cystites (Ateleocystites?) balanoides, were discovered near Cincinnati. 
Ohio. They came from the Corryville member of the Maysville 
subseries. This is in the Cincinnatian series, or Upper Ordovician. 
No specimens of this species have been reported in print since 1879 
when Wetherby reviewed the species and described the genus 
Enoploura for it. The new material, in preserving a nearly complete 
set of thecal plates and a pair of rigid brachia, greatly supplements 
knowledge of the genus. It also reveals structures which confirm 
Wetherby’s observations on the morphology of the extraordinary 
peduncle (despite his mistaken interpretation of it). It develops from 

1 The term “peduncle” is preferable to “stem” or “column” in referring to 
the posterior appendage of the carpoids. Despite Jaekel’s (1900, 1918) and 
Bather’s (1900) impressions and interpretations, this echinoderm group seems 
to have been eleutherozoic throughout its history; certainly during its fossil 
record. The peduncle is, like the rest of the body, a bilateral structure and 
does not appear to have served either in ontogeny or phylogeny as a stem 
for fixation; it may have been a counterbalance or even have had a loco- 
motor function (Kirk, 1911). 
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these new data that the Enoploura organization requires the recogni- 
tion of a new sub-family of Carpoidea. 

The first-discovered specimen is an incomplete calyx (Plate 1, 
figs. 4-6) which preserves the articulated peduncle and its structures 
very well. Mr. Stanley Schweinfurth, geology student at the Univer- 
sity of Cincinnati, found. it at Tower Lake, an artificial pond on the 
north side of Harrison Avenue, near Dent, Ohio. This is on the 
outskirts of Cheviot, a Cincinnati suburb. The second specimen is 
truly remarkable; it preserves the calyx nearly intact, thus for the 
first time showing the arrangement of the thecal plates in the genus; 
moreover, the pedunculate structures are amazingly well preserved. 
It was found by Mr. John K. Pope, geology student at Harvard 
University and assiduous “Dry Dredger” in Cincinnati. It comes 
from the middle Corryville beds in Stonelick Creek, Clermont County, 
Ohio. A new species, based on this specimen (Plate 1, figs. 1-3), is 
named in Pope’s honor. Both specimens are deposited in the Univer- 
sity of Cincinnati Museum. Four additional specimens pertaining to 
the genus have been borrowed for study from the U. S. Nationai 
Museum. 

Enoploura balanoides has remained since 1879 one of the least 
known and more enigmatic fossils of the Cincinnatian. The original 
description (Meek, 1873) was based on two crushed fragments (Piate 
2, figs. 7-9) collected by the amateur geologist, G. W. Harper, from 
the “upper part of the hills at Cincinnati.”” Wetherby (1879) iden- 

tified this horizon as ‘‘350 feet above the low water of the Ohio 
River.” Bassler (1906, p. 8) and Lucy Braun (1916, opp. p. 42) 
gave the “low water’ level of the Ohio in the pre-dam period as 432 
ft. A. T. According to their figures, the McMillan formation (upper 
Maysville) occupies the zone between 460 ft. and 375 ft. This 
formation is divided into the Mt. Auburn beds which outcrop (hiil 
tops, Cincinnati) between 425 ft. and 460 ft. above “low water’; 
the Corryville member from 390 to 425 ft.; and the Bellevue beds 
from 375 to 390 ft. The Fairview formation (lower Maysville) comes 
between 375 ft. and 280 ft. The upper member of the Fairview, the 
Fairmount or “Hill Quarry” beds occupies the interval from 325 to 
375 ft.; the Mt. Hope member from 280 to 325 ft. Thus it is difficult 
to understand how Bassler in 1915 (p. 88) arrived at the stratigraphic 
designation of this species as “Maysville (Corryville), Cincinnati. 
Ohio and vicinity,” when his own (1905) figures indicate that the 
350 foot level could be no higher than the Fairmount member (‘Hill 
Quarry Beds”). This level comes at about the middle of the Fair- 
mount member. JBassler’s age-assignment is the more curious when 
the published history of all the previously known specimens of “Eno- 
ploura balanoides’”’ is reviewed. 

The only specimen, other than the holotype, which came from 
what may rightfully be called the “vicinity of Cincinnati’? is one 
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attributed by Dr. Wetherby (1879) to George Vallandingham, an- 
other amateur collector. This one came, according to Wetherby from 
“about 400 feet above the river,” a figure which would place it in the 
McMillan formation, certainly, and probably in the Corryville meni- 
ber. Unfortunately, nothing is known of the morphology of this 
specimen, which would be of particular interest in view of the two 
new Corryville specimens which are the motivation of this paper. 

But Wetherby (1879, 1879A) was chiefly concerned with new 
Richmondian specimens. ‘These he referred to Meek’s balanoides, but 
it was the additional data furnished by this material that led him to 
create a new generic assignment for the species. All of these materials 
were found at a considerable distance (30-40 miles) from Cincinnati 
and in horizons indisputably high in the Richmond. He credits 
A. J. Newton, a collector of Richmond, Indiana, with a specimen 
from that city, found in “the upper part of the Hudson River Group,” 
i. e., uppermost Ordovician. This was probably from the Whitewater 

(perhaps Saluda member) or Elkhorn formation. This is the specimen 
(or Wetherby’s illustration of it, 1879A, figs. 1d, 1e, 1f) which Bather 
(1900) (see below) used as the basis for Haeckel’s (1896) species 
Placocystis crustacea (Plate 2, figs. 3-5). 

W. J. Patterson of Oxford, Ohio, contributed another Rich- 
mondian specimen (Wetherby, 1879A, fig. 1g) which Haeckel (and 
Bather) questioningly attributed to crustacea (Plate 2, fig. 6). Most 
remarkable, however, of all hitherto described material, and the real 
basis for Wetherby’s creation of the genus Enoploura, was a unique 
example (Plate 2, figs. 10-12) found by Wetherby himself (Enoploura 
wetherbyi Caster, n. sp.) which Haeckel also referred to his new 
species, but which Bather (1900) referred back to EF. balanoides. 
This came from Osgood, Indiana. He judged the horizon to be 
about the same as that of the specimen found by Newton in Rich- 
mond, Indiana. The Osgood specimen (Wetherby, 1879A, figs. 1, 1a, 
ib) preserved most of the peduncle and revealed a structure so 
unexpected and non-cystidian that Wetherby was convinced Meek 
had been mistaken in assigning his species to the echinoderms. Con- 
sequently, Enoploura was proposed as a new genus of the Crustacea, 
based on Meek’s species*. Woodward (1880), representing the “‘pro- 
fessionals,” reacted vigorously to this idea. It was not so much the 
idea, as the place of its origin that seemed to incense them. Although 
Woodward denied this pro-professional attitude, one can still read its 

2 
* The status of the rules of zoological nomenclature and insight into the 
taxonomic ethics of that time are nicely revealed by Wetherby’s (1879, 
p. 164) admitted generosity: “While the removal of this fossil from the 
Cystidea to the Crustacea, under a new class and genus, would be found 
sufficient excuse by many writers, under cover of which to plunder this 
eminent author of his species, I shall retain his expressive name, and leave 
the species to his credit.” 
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presence in his personal advice to Dr. Wetherby®. To the Eastern 
Seaboard geologists and paleontologists the names of the Cincinnati 
school of publishing amateurs were anathema, and it is most likely 
that Dr. Woodward’s censorious remarks and aspersions were much 
enjoyed in Albany, Boston, New Haven and New York, if, indeed, 
they were not inspired there. 

The subsequent neglect of Enoploura was no doubt materially 
conditioned by this attack on its author by the eminent Woodward. 
It now develops that the aspersions cast on Wetherby’s powers of 
observation, and the suggestion (Woodward, p. 201) that the ped- 
uncular structures which he described were not in life-association with 
the “cystoid” calyx, were quite unwarranted. Wetherby seems to 
have been the first to call attention to the anomalous structure now 
known, on the basis of later European discoveries, as the styloid process 
or stylocone. (Note, for example, the complete absence of any mention 
of this structure in Haeckel, 1896.) He was also probably the first 
to express dissatisfaction with the customary inclusion of the bilateral 
“cystoid” echinoderms in the Cystidea, although he went too far and 
removed them from the echinoderms completely. The physiotogical 
implications inherent in the structures he observed certainly did not 
fit into any concept of the cystidean Echinodermata then current. In 
all probability the Carpoidea did live in a manner much more analog- 
cus to the vagrant Crustacea than to static Pelmatozoa. 

In retrospect, Wetherby’s really remarkable acuity merits admira- 

Writing (1880, pp. 200, 201) of Wetherby’s allocating his new genus to 
the Crustacea-instead of the Cystidea Woodward said: “Every point about 
Ateleocystites (=Enoploura) agrees with the known characters of this singular 
cystidean family (Anomalocystidae), and no one who has studied them atten- 
tively can doubt the propriety of the determinations of MM. James Hall, 
FE. Billings, De Koninck, and F. B. Meek, as regards the zoological position 
in which they should be placed. Professors James Hall, De Koninck and 
myself have had the good fortune to see and study more perfect specimens 
than those which were placed in the hands of Messrs. Meek and Billings, 
but it is all the greater honour to these latter savans that they rightly inter- 
preted the fragmentary remains which came under their notice for description. 

“T am the last person who would insist merely upon the dictum of 
recognized scientific authority, and I beg to assure Prof. Wetherby (whom I 
have not the pleasure personally to know) that I have no desire to detract 
from his work by any word of mine; but I may be permitted to suggest that 
hasty publication, with a view to obtaining “‘pricrity,’ may have caused hini 
in this instance to overlook the importance of first becoming thoroughly 
acquainted with the subject before him. None but those who have spent 
their lives in scientific research know the piles of “chaff which every careful 
worker has to winnow away before he can arrive at the substratum of really 
good “grain” beneath. 

“Tf Prof. Wetherby desires his work to stand, he must be prepared not 
cply to hunt up carefully the bibliography of his subject, but also to 
understand more thoroughly the class characters of these difficult Paleozoic 
forms before attempting, on very imperfect materials, to correct older and 
more experienced labourers in Paleontology.” . 
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tion. Moreover, considering the taxonomic vicissitudes of the carpoids 
at the hands of the “professionals” in the last seventy years, Wether- 
by’s crustacean theory now seems less impressively fantastic, clearly 

wrong though he was. Following Wetherby’s lead, Haeckel (1896) 
made a strong point of the crustaceous aspect of the ‘“Anomocystida,” 
both in appearance and probable habits. 

SYSTEMATICS 

The new categories of classification shown below, prior to the 
listing of the genus Enoploura, are defined under the ensuing discus- 
sion of the genus. 

Class CARPOIDEA Jaekel, 1900 

Order MITRATA Jaekel, 1918 

Sub-order PLACOCYSTIDA Caster, n. sub-order 

Family PLACOCYSTIDAE Caster, n. family 

Sub-family ENOPLOURINAE Caster, n. sub-family 

Genus ENOPLOURA Wetherby, 1879, emend. 

Type species —Anomalocystites (Ateleocystites?) balanoides Meek. 
Based on two specimens from the vicinity of Cincinnati, Ohio. ‘The 
stratigraphic horizon, as explained in the Introduction, is judged to be 
in the Fairmount member (“Hill Quarry beds’) of the Fairview 
formation (Maysville sub-series); Upper Ordovician (Cincinnatian 
series). (See Plate 2, figs. 7-9, the holotype.) 

Anomalocystites Hall, Meek, F. B., 1872, Amer. Jour. Sci. and Arts, 3(3): 
P. 423; 1873, Ohio Geol. Survey, Paleont. Ohio, 1, pt. 2:p. 41; Miller, 
S. A., 1889. North Amer. Geol. and Paleont., p. 224 (pars). 

Enoploura Wetherby, A. G., 1879, Cincinnati Soc. Nat. Hist. Jour., 1, 
No. 4, p. 163; 1879, Idem., z, No. 1: pl. 7, figs. 1, 1a-g; Jaekel, O., 
1900, Deut. Geol. Gesell., Zeits., 52:p. 668; Bather, F. A., 1900, 
Treatise on Zoology, pt. 3, p. 51. 

Ateleocystites Billings, Woodward, H., 1880, Geol. Mag., 7 (dec. 2): 
p. 194 (pars); Bassler, R. S., 1915, U. S. Nat. Mus., Bull., no. 92, 
p. 88 (pars). 

Placocystis de Koninck, Haeckel, E., 1896, Festschr. z. Siebenzigsten 
Geburtstage v. C. Gegenbaur, Bd. 1, pp. 39-40, Leipzig (pars). 

Generic analysis—A composite generic analysis follows. This 
is largely based on new material from the Corryville formation of the 
Cincinnati area which shows for the first time the details of the 
distal calicinal plates, a clue as to the nature of the distal appendages, 
and substantiates Wetherby’s description of the structure of the 
peduncle. 

General anomalocystid traits —Pleuronect, pedunculate eleuthero- 
zoic echinoderms; characteristically carpoid, i. e., non-radial, compres- 
sed, and of grossly bilateral symmetry. Calyx subrectangular, longer 
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than wide; compressed dorso-ventrally* (morphologically left-right) ; 
dorsal carapace (right) convex; plastron (left) concave; sides axially 
arcuate and nearly vertical, making almost a right-angle with the 
carapace, but less than this with the plastron, due to its concavity. 
Peduncle segmented, proximally swollen, and inserted in a deep 
emargination of the calyx. 

Two delicate, apparently unsegmented, spines or “arms’’ articulate 
at the anterior plastron corners. 

The calyx is comprised principally of 28 large plates, and twe 
tiny interbasals (7b); the disposition of the plates is shown in text 
Figure 1. There are six ponderous lateral marginals (alm, mlm, 
plm) ; these cover a large marginal area of the plastron and geniculate 
to form the pleural walls, against the dorsal edges of which the lateral 
carapace plates abut. The largest plates of the dorsal carapace are 

three adcolumnals (basals) which may cover nearly half the dorsal 
area. ‘The lateral adcolumnals (Jac) are joined to the large median 
adcolumnal (mac) by anteriorly divergent sutures. An arcuate median 
row of four epicentral plates lies in front of the adcolumnals; the 
lateral plates of this series (m1 and m4) meet the lateral adcolumnals 
at the suture between the posterior lateral marginals (p/m) and the 
median lateral marginals (mlm). Usually the median adcolumnal 
extends forward of this position, excavately to meet the epibasals or 
median plates (m2 and m3). Anterior to the median row is found an 
arcuate row of plates comprised of a lateral pair of anterior marginal 
somatics (/am),. and three adtegmenal marginals (atm), the central 
one of which is apparently the correlate of the ““M”’ plate of Bather’s 
(1900, p. 50) plate nomenclature. An additional pair of large adteg- 
menal plates, the axillaries or sub-brachials (ax), cover the anterior 
corners of the carapace and at their outer corners participate in the 
articulatory facet of the spinous brachioles. 

The ventral plastron is excavated toward the center from the 
angular peripheral geniculation of the lateral marginal plates; more 
so toward the front where the surfaces are truly convexo-concave; 

4 Some confusion exists in the literature with respect to ‘‘dorsal” and 
“ventral” in the heterosteles. This is understandable, since the two sides 
so distinguished are technically, apparently, right and left by comparative 
morphology (Bather, 1900). In this paper the terms “carapace,’ for the 
convex side, and “flastron,” for the concave, are preferred. Moreover, the 
up-side in life was apparently the convex one, and hence “‘dorsal” in terms 
of commonplace terminology; the down-side the concave one, and hence 
“ventral.” Hall (1859), and the older writers in general, often used “anteal” 
and “‘posteal” for the concave and convex sides, respectively, of the ‘“anomalo- 
cystids,” based, no doubt, on a different concept as to the morphologic direction 
of the calicinal flattening. Furthermore, the habitus (ws. phylogenetic) 
“right” and “left” have often been confused in describing the carpoids. 
Since the flat or concave side was down in life, and was functionally the 
venter, the right side of the venter lies on the left side of the customarily 
oriented views of the ventral surface. The irregularity in the somatic plates 
of the mitrates lies on the rig/t, not the left, side. 



$1 Upper OrpoviciaN ENopLOURA: CASTER ot 

adjacent to the peduncle the basal ventral plates rise to a low. axial 
convexity. Corresponding in position to two anteriorly converging 
carinae on the internal surfaces of the ventral medial plates, a con- 
spicuous furrowing occurs on the ventral surface from the posterior 
lateral angles to about the mid-point of the large central (hypocentral ) 
plate. This delimits a very characteristic depressed isosceles triangular 
area in this genus and certain other mitrate carpoids. ‘The posterior 
ventral margin is deeply and arcuately emarginate for the peduncle 
insertion. This margin of the plastron is strengthened by a raised 
flange. 

Fig. 1. Two views of the holotype of Encploura popei Caster, n. sp. 
demonstrating the nomenclature of the carapace plates. Left figure represents 
the concave side or plastron; right figure the convex side, or carapace. The 
broken lines show the position of the anteriorly converging carinae on the 
inner surface of the plastron. 4, irregular hypocentral (‘‘anomalocystid”’) 
plate; alm, anterior lateral marginals; am, right and left adtegmenals; 
ax, axillaries, or sub-brachials; bm, medial adcolumnals or basal median 
plates; br, brachiole; cs, hypocentral, epibasal or central somatic plate; 
ib, interbasal plates; L, left side; Jac, lateral adcolumnals; Jam, |fateral 
anterior marginal somatics; M, dorsal median adtegmenal plate; m1, m2, m3, 
m4, dorsal epibasals, or median somatic (epicentral) plates; mac, median 
adcolumnals; mam, median adtegmenal plates; mlm, median lateral mar- 
ginals; ms, median somatic or hypocentral plate; f/m, posterior lateral 
marginals; pf, peduncular or styloid process (stylocone); R, right side. 
Drawings by Anneliese S. Caster. 
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About one-third of the venter is shielded by the plastron surface 
of the lateral marginal plates; the posterior pair (f/m) are sub-equai 
in size and form wedges at the adcolumnar angles. heir surface is 
gently rounded, and they are generally securely and obscurely sutured 
to the pair of median basal plates (4m) or true adcolumnals. The 
median lateral marginals: (mlm) are also subequal and descend at 
about a 45° angle from the margins to meet the nearly flat-lying 
hypocentral, epibasal, or central somatic plate (cs), with which thev 
are loosely sutured. Their ventral surface is almost a plane. The 
anterior lateral marginals (a/m) are unequal in size, due to the 
intercalation of the irregular hypocentral (4) plate (‘“anomalocystid 
plate’) between the right marginal and the central plate. 

A pair of large basal marginal or adcolumnal plates (6m) occupy 
on the venter about the same area as the median basal plate on the 
dorsum. ‘These together form a basally emarginate trapezoid. The 
obscure sutures between these plates and the posterior lateral marginals 
lie laterad of the convergent furrows, which are always conspicuous on 
these forms and easily mistaken for the lateral sutures. The median 
suture is usually obscure, also, and the greatest (albeit low) convexity 
of the central plastron lies along it. On the front margin are found 
three adtegmenal plates (am, mam). 

The so-called “somatic plates’ or hypocentral plates are three: 
a large central plate (cs) is quite the most conspicuous plate of the 
plastron, both for its size and anterior asymmetry; the latter is due 
either to the crowding in of the irregular plate (4), or the absorption. 
without visible sign, of a complement to the 4 plate at the front left 
of the central plate. The irregular plate (4) is a conservative char- 
acteristic of many mitrate genera, whereas the second hypocentral, 
which is the third, or median, somatic plate (ms), and lies in axial 
series with the median adtegmenal plate (mam), is apparently a pr.mi- 
tive plate. It is commonly lost in the more advanced carpoids. ‘he 
sutures around the median somatic plate are unusually crinkled and 
open, suggesting that there may have been actual (ostial?) penetration 
to the interior cavity around this plate. 

Two deltoid interbasal (7b) plates fit between the plastron and 
carapace plates at the basal angles of the plastron side. These plates 
have hitherto been reported only in the Bohemian M7trocystella 
(Chauvel, 1941). In view of the generally primitive nature of both 
genera possessing these small intercalated plates in the basal series, 
it is probable that a hexabasal plan is to be accounted for in all 
carpoids, instead of the tetrabasal scheme which Jaekel (1918) 
originally postulated. The interbasals are often inconspicuous, and 
easily misconstrued as a sutural wrinkle. 

‘The brachioles were paired and apparently of the spinous, rigid 
Placocystis type, as suggested by the proximal portion of the only one 
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known. The base of the brachiole fragment is slightly expanded, and 
the facet of attachment is at the junction of the antero-lateral marginal 
plates (alm), the anterior adtegmenals (am) and the axillary plates 
(ax) of the carapace. “They seem to have been ventral in functional 
position, however. 

The tegmenal area is arcuate and rather restricted due to close 
approximation of carapace and plastron anteriorly; tegmenal cover 

unknown, but one specimen from the Indiana Ordovician (Plate 2, 
figs. 1, 2) shows many small polygonal plates scattered about this 
region, suggesting the nature of the cover. Possibly the M plate 
(dorsal median adtegmenal) or an adjacent tegmenal, served as an 
operculum. The “JZ” plate appears to have borne axial furrows on 
its inner anterior surface in the Mitrocystis manner, as suggested by 
the same Indiana specimen cited above (Plate 2, fig. 2). Neither the 
mouth nor the anus is known, but since there are no calicinal perfora- 
tions which might serve these functions, they were presumably both 
tegmenal in position. If not, then the anus (or mouth, Chauvel, 1941) 
may have been posteriorly located, although this is viewed as unlikely. 
With respect to the latter possibility, although no apertures can be 
seen, one might be concealed: a) at the ventral median contact of 
carapace and peduncle (where Haeckel, 1896, imagined it in FE. crusta- 
cea); and (b) proximad of the “anchor structure’ (stylocone process) 
on the median peduncle venter. ‘There may have been no functional 
anus in adulthood (Jaekel, 1918). 

The calicinal prosopon consists in E. popei and most other species 
of a general finely granular surface and delicate microscopic porelike 
structures. [he latter are easily seen in the Pope specimen due to 
pyrite fillings. They are abundant and generally distributed. The 
granular surface is coarser on the concave plastron, but this may be 
due to erosion on the higher parts of the carapace. ‘The pleurae of 
the posterior lateral marginal plates and the contiguous adcolumnals 
(lac) of the carapace carry the transverse undulatory grooves and 
ridges seen in Ateleocystites and most other carpoids. However, these 
do not appear to extend onto the median adcolumnal plate (mac). 
Where this ornament exists, the fine porelike structures are aligned in 
the grooves between the ridges. All of the carapace plates in front 
of the median series (1-4) are conspicuously and coarsely pitted. 
The circular pits are apparently not cystoid pores or pore-wells, nor 
do they contain pores or connect with canals penetrating the crystalline 
calcite of the plates. No pitting of this nature has been observed on 
the ventral surface, although being more coarsely granular than the 
dorsal surface, the pitting may be thereby concealed. Or again, absence 
of granulation and/or coarse pitting on the most convex area of the 
carapace may be due to abrasion. In one of the paratypes of E. popei, 
(Pl. 1, figs. 4-6) the ornamental traits of other species are much exag- 
gerated, despite the smaller size of the specimen. Here as can be 
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seen on Plate 3, figures 4-6, the pitting takes on a labyrinthine char- 
acter which is most reminiscent of the ornament on the bony plates of 
the primitive armoured fishes of the Paleozoic, such as the antiarch 

Bothriolepis, for example. 
The peduncle is gross, about half the length of the carapace; it is 

compressed ovate in proximal section, distally tapering, and dorsally 
sharply recurved; the tail end, apparently short and held aloft, seems 
to have been directed forward in life. The proximal part of the 
peduncle is made up of serial annular laminations, each of which is 
derived from the fusion of what appear to be four elements (tetrameres 
rather than dimeres as postulated in other carpoids). There are two 
dersal and two ventral elements with sutures in the mid-dorsum, mid- 
pleurae, and mid-venter. The dorsal and lateral sutures represent 

end-on fusion of the tetramere elements, whereas most of the ventral 
elements overlap in alternate series, forming a zigzag suture. The 
lateral suture is fused at the lateral angles. The paired ventral laminae 
o: the expanded peduncle recurve anteriorly to overlap on the median 
line and form a series of chevrons of which the anterior “V’’s, how- 
ever, are made by en-echelon overlap; similar angular recurving of the 
peduncular elements occurs on the pleurae, though less pronouncedly 
and without overlap and alternation. From the mid-venter through 
the pleural angles the elements are sharply carinate and apparently 
tightly fused. The dorsal elements are rounded and ringlike. The 
first impression is that of a series of axially overlapping and articu- 
lating somites, arranged much as in the rhachis of a trilobite. In life, 
the proximal peduncle was presumably flexible. The crest of each 
ventral lamella continues as a rounded thickening on the dorsum; 
the dorsal ccrrelates of the angular inter-annular spaces of the venter 
are largely filled with transversely wrinkled calcareous material, which, 
despite its low relief on the surface, is much the thickest portion of 
each calcareous ring. The wrinkling is deepest adjacent to the mid- 
dorsal suture. “Thus the proximal peduncle cover was in no sense a 
fragile structure; instead, it was a heavily armoured body area. 

The most characteristic generic and probably familous trait of the 
group is a curious bifoliate peduncular ‘‘process,” or exaggerated stylo- 
cone plate, which is inserted on the mid-ventral suture distad of the 
swollen portion of the peduncle. This styloid structure forces the 
paired ventral peduncle plates apart, and crowds them and the dorsals 
to a restricted dorsal position. Apparently the main “process” is com- 
prised of the indistinguishably fused elements of two serial ventral 
median insertions. “They are an extraneous element in the peduncle 
and do not originate by the fusion of the paired ventral peduncular 
elements, and may be a relic of a fifth element which once participated 
in the formation of the peduncle. If so, this is a unique relic in the 
carpoids of a pentaradial condition. From a massive, anteriorly pro- 
jecting and axially striated arcuate platform, which passes beneath the 
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ventral plates, two very prominent, ploughsharelike, transverse blades 
protrude ventrad and laterad. Where the plates protrude the process 
is massively calcareous and appears to fill completely the whole axis ot 
the peduncle, but a restricted lumen may pass dorsally over the stylo- 
cone. ‘The anterior blade, which is somewhat anchor-shaped, is peri- 
pherally, and especially ventrally, recurved toward the front. It 1s 
medially subacuminate, and its posterior median section is strengthened 
by an inconspicuous axial thickening. The second transverse blade 
emerges without any detected suture; it is lower and more transverse. 
and less anchorlike in form. It descends nearly vertically and is less 
acuminate medially; its edge is granular. Behind these two “‘process”’ 
blades, analogous, but non-transverse, ventral insertions continue 
serially, possibly (though doubtfully) to the end of the peduncle. 
Five such are known. These may be mid-ventrally keeled (£. crusta- 
cea) or terminate in a simple mid-ventral spine (E. pope), depending 
apparently on the species. “They are, however, separated from the 
“‘process” and from each other by sutures, and decrease in size distally. 
Behind the bifoliate “process” the peduncle is sharply recurved 
dorsally ; thus the ventral median insertions assume a radiate arrange- 
ment. The distal dorsal elements of the peduncle become much 
reduced and abortive. Apparently the actual distal termination has 
never been seen. “The lumen of the proximal part of the peduncle is 
very large. 

Generic attributes would seem to comprise the number and _ ar- 
rangement of the plates of the calyx, rigid arms, general plan of the 
peduncle, and especially the bifoliate arrangement of the styloid process 
and presence of median peduncular insertions distad of the process 
itself. The granular and labyrinthine surface ornament, in addition 
to the general carpoid rugosities, is also, presumably, a generic char- 
acteristic. 

Specific traits may be either of a general or of a restricted nature. 
Relative sizes of the calyx plates, ornamental details, relative convexi- 
ties and concavities of the theca, dimensions, etc., are specific variables. 
Likewise details of the peduncle. Unfortunately, due to the incomplete 
nature of the usual fossil materials of the genus, the proximal mor- 
phology has grown to have maximum value for specific differentiation. 
How far these restricted details are to be relied upon can be deter- 
mined only when further discoveries of the distal structures of both 
calyx and peduncle have been made. Most current species, in fact, 
are based on materials which do not preserve any vestige of the highly 
important peduncle. 

The genus Enoploura is represented by five species, two of which 
are described as new in this paper. “These appear not to overlap in 
range, with the possible exception of two previously described from 
near the top of the Richmond series, the precise formation not yet 
having been established. 
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Range.—So far the genus has been positively identified only in 
the Upper Ordovician deposits exposed on the crest of the Cincinnati 
Arch in the states of Ohio and Indiana. ‘The stratigraphic distribution 
of the species is as follows: 

Richmond subseries 
Whitewater forfnation |) E. crustacea (Haeckel) 

(incl. Saluda) and 
Elkhorn formation J. E. wetherbyi Caster, n. sp. 
Liberty formation 
Waynesville formation FE. meeki Caster, n. sp. 
Arnheim formation 

Maysville subseries 
Mt. Auburn formation 
Corryville formation E. popei Caster, n. sp. 
Bellevue formation 
Fairmount formation E. balanoides (Meek), type 

DISCUSSION 

Comparisons —The above data substantially alter all previous 
ideas on the organization of the genus Enoploura. So long as the 
distal theca was unknown and the peduncular: details, first demon- 
strated by Wetherby (1879), were discredited (Woodward, 1880), 
such a fanciful lustration as Haeckel’s (1896, p. 40, figs. 1, 2) of 
Placocystis (=Enoploura) crustacea was tacitly accepted. Haeckel had 
been misled, of course, by the flexible brachia of Pleurocystis which he 
considered to. be related to the group now known as carpoids; thus he 
assumed that such arms prevailed. It is not clear, however, just what 
genus served as inspiration for his distal restoration of the thecal plates. 
cit any rate, his historic predictions are now proven false. 

Enoploura, as now understood, conforms to the broad characteri- 
zation of the family Anomalocystidae as used by Bather (1900, p. 49) 
which was elevated to ordinal rank as the Mitrata by Jaekel (1918). 
Of ordinal importance is the possession of a flattened calyx, one side 
of which is concave and the opposite convex; both being framed by 
common lateral marginal plates. As in other genera of the class, the 
plastron plates are fewer in number than those of the carapace. The 
so-called “somatic plates” (within the border) of the plastron are 
asymmetrically disposed, whereas the carapace is almost bilaterally 
symmetrical in plate arrangement. ‘The plastron is much the more 
conservative side in the carpoids, thus deviations from the norm on this 
side would seem to have higher categorical significance than those of 
the carapace. All of the ‘‘anomalocystid” genera of any immediate 
bearing on Enoploura are represented in Figure 2. 
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Most American writers since Wetherby’s day have referred his 
genus to Ateleocystites Billings (1858), based on a Middle Ordovician 
type species (Fig. 2, A,B). This and the genus Mitrocystella Jaekel 
(1918) of the Lower Ordovician of Bohemia appear to be the only 
carpoids exhibiting three (and only three) hypocentral (somatic) plates 
on the plastron. Presumably the larger the number of somatic plates, 
the more primitive the organizational condition of the carpoids. Like- 
wise bilateral symmetry of these plastron plates would appear to reflect 
more archaic conditions than asymmetry. The enlargement of the 
principal somatic plate (cs) appears to have been by complete amalga- 
mate fusion of contiguous plates (e. g., “Placocystis” bohemicus (Bar- 
rande), Chauvel, 1941, p. 216) which were originally symmetrically 
arranged. The left-handed asymmetry would seem to derive from the 
pressure of the diagonal gut against the inner ventral surface in its 
passage from the anterior left corner toward the posterior right of the 
thecal cavity. Though just why such a state should effect the already 
closed sutures of the ventral plates is not readily clear. The commoner 
condition among the Mitrata is seen in the plastron of Placocystis de 
Koninck (1869) which has two somatic plates, (Fig. 2, C,D). Mitro- 
cystis Barrande (1887) from the same horizon as Mitrocystella ex- 
hibits from four to six somatic plates, always in irregular arrangement ; 
likewise Basslerocystis of the Lower Devonian appears to possess five 
somatic plates, (Fig. 2, E,F). Among the arm-possessing Mitrata, 
Enoploura is one of the most primitive in plastron plan. 

In keeping with the general primitiveness of the Enoploura 
plastron, the interbasal pair of plates (ib), otherwise known only in 
the Bohemian mitrocystids (e.g., Chauvel, 1941, Mitrocystella, p. 158, 
fig . 56, 57), is preserved. So far, apparently, these plates have not 
been observed in any other carpoids. 

Continuing with the comparison between Exoploura and Ateleo- 
cystites, the assumption of any close relationship hinges on the likeli- 
hood that the latter genus possessed the placocystid type of brachia. 
This is counter to what has previously been written about 4teleocys- 
tites, s.s., although Haeckel (1896) did assume that the genus had 
segmented brachioles of the same sort he postulated for all “anomalo- 
cystida,’ and such as Schuchert (1904) has found in the type species 
of Anomalocystites. Careful scrutiny of the photographs of Billings’ 
types given by Miss Alice Wilson (1946, pl. 2, figs. 1b,2) reveals 
suggestions of spinous arm-bases at the distal corners of the carapace 
of Ateleocystites. Hence the restoration of the genus as shown in 
Text Figure 2, A,B. 

Both Billings and Miss Wilson show a transverse tegmenal plate 
in the Ateleocystites types; it is a lenticular, massive plate which 
stretches across the whole tegmenal area, and bears on the surface 
exposed on the ventral side many axial grooves. ‘These recall the 
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groovings on the median adtegmenal plate of one specimen of Eno- 
ploura which was discussed above. A median plate, though never so 
large, occurs in several carpoid genera; it is usually correlated with 
the “M’’ plate in Mitrocystis (e.g., Bather, 1900, fig. xii). Con- 
fronted by this furrowed plate, and not having observed the arm-bases 
on the type material, Miss Wilson suggested that a transverse row of 
short preservable tentacles may have existed in Ateleocystites. This 
may well have been the case, for certainly the rigid spine-like arms 
were in all probability mere props and had no food-gathering or sub- 
vective function. The grooved plate in al! these genera may corres- 
pond to the tegmenal opercular plate which Kirk (1911) described in 
the type species of Basslerocystis (new genus). It is quite con- 
ceivable that the carpoids in general lived in much the same manner 
of modern holothurids, as Jaekel (1918) has suggested. “They may 
even have had no functional anus in accordance with Jaekel’s idea, 
the single aperture serving in the coelenterate manner as the only 
intestinal ostrum, and the gut functioning as a pump. Soft tentacles 
might quite logically surround such an aperture, and their number be 
reflected on a hinged opercular plate against which they pressed when 
extruded. Such soft structures could, however, hardly be expected to 
be preserved. 

The peduncle of Ateleocystites is imperfectly known, but Miss 
Wilson’s photographs of the type specimens show a tri-partite peduncle 
of the Mitrata sort instead of a simple column such as Billings drew 
and Woodward (1880) copied. One of the type specimens (Canadian 
Geol. Survey No. 13922) shows a transverse styloid process, but of 
much less prominent proportions than the huge bifoliate structure in 
Enoploura. “Yhe two genera appear to be allied in calyx details, and, 
on the assumption of the possession of the same type of arms, are 
thought to belong to the same family and subfamily. However, it 
seems that Miss Wilson was quite right in concluding that dteleocys- 
lites is represented in America (and presumably, so far, in the world) 
only by the type species, 4. huxleyi Billings. dnomalocystites bohemi- 
cus Barrande (e.g., Placocystis bohemicus (B.), Chauvel, 1941, pl. 8 
fig. 8) may prove to be an ateleocystid. 

Placocystis de Koninck (1869) (Fig. 2, C,D) of the Upper 
Silurian of Great Britain (and questionably elsewhere) is the proto- 
type of the rigid-arm-bearing carpoids. ‘This organization is so funda- 
mentally different from the armless mitrocystids and supposedly flexi- 
ble-arm-possessing anomalocystids, s.s., that it has seemed desirable to 

point up this distinctness by the creation of a new sub-order, the 
Placocystida, below, which is for the present, at least, thought of as 
co-extensive with the new family Placocystidae. ‘There appears to be 
little more than general familous similarity between Enoploura and 
the many-plated forms on one hand, or the symmetrically plated on 
the other. With respect to the latter condition, there exist so far only 
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the South African Lower Devonian (Bokkeveld beds) species Placo- 
cystis africanus Reed (1925) and an undescribed species from the 
equivalent horizon (Ponta Grossa beds), now in the writer’s hands for 
description, from the State of Parana, Brazil. Both are placocystoids, 
but no satisfactory genus has yet been described for either (new genera 
now in manuscript, Caster, 1952). In these the plastron plates appear 
to be nearly symmetrically arranged, and no sign of the “placocystid” 
odd somatic plate is in evidence. Curiously, this was supposedly the 
state of affairs in the genus Placocystella Rennie (1936), based on the 
species P. capensis Rennie, but supposed to accomodate Reed’s species 
also. Careful scrutiny of Rennie’s photographs of his holotype and 
paratype specimens reveals what appear to be odd somatic plates on 
each, thus contradicting Rennie’s diagnosis in this respect. (This 
situation will be treated in greater detail in another place in connection 
with the description of the first carpoid echinoderms from South 
America.) A symmetrical arrangement of the plastron plates ot 
carpoids has not so far been recorded in the northern world. “Placo- 
cystis’ bohemicus (Barrande) Chauvel (1941) of the Bohemian Upper 
Ordovician may show signs of the sutures between the plates elsewhere 
fused to make the large hypocentral of the Mitrata. While this latter 
would serve as a prototype (archetype) for the carpoids having two 
asymmetrically disposed somatic plates, it is already advanced beyond 
the Enoploura condition (and Ateleocystites?) where the median hypo- 
central (7s) is retained. Placocystella appears (in Reed’s restoration 
(1925) of Placocystis africanus) to have a median plate distad of its 
paired series of somatic plates; however, Rennie (1936) shows no such 
plate in his representation of the holotype.* 

In Rhenocystis Dehm (1933) of the Bundenbach Lower Devon- 
ian (Germany), Placocystis finds its closest similarity; both exhibit 

the mid-dorsal “‘placocystid” plate, and a large number of carapace 
somatic plates (9 in the latter, 13 in the former, as against 6 in 
Enoploura) ; the German form shows five series of carapace plates, 
and Placocystis four. The remarkably simple carapace of Enoploura, 
in comparison, seems to indicate a separate and early line of carapace 
specialization. Apparently the large median plates in this genus repre- 
sent the fusion of the more common numerous carapace plates of the 

other placocystids. 
The carapace plate arrangement in Enoploura is truly unique, and 

can only be homologized uncertainly with that of the other Placo- 

* While the present paper was in press, an excellent photograph of Reed’s 
holotype was furnished by Dr. A. Brighton, Curator of the Sedgwick Museum, 
Cambridge. The nature of the preservation of this enigmatic fossil is such 
as to suggest still other representations of the plates than those already 
given by students of the South African specimen. The photograph and 
further interpretation will appear in the forthcoming study of the Parana 
Devonian material. 
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cystida. It represents the acme of the placocystids in reduction of the 
number of plates and in the proportional large sizes of such plates as 
it retains. If the second series of plates in Enoploura (Fig. 1, m1-4) 
corresponds to the second series in Rhenocystis, as appears quite pos- 
sible, then the Ordovician genus would seem to have undergone 
specialization by loss of «distal carapace plates; Placocystis likewise, 
but to a lesser degree. This may be one important direction of 
Mitrata evolution, but apparently a recurrent, or latent recessive 
tendency which was not restricted to a single generic lineage. In 
A teleocystites such facts as can be deduced from the poorly preserved 
carapaces of the types (Wilson, 1946, pl. 2, figs. 1-3) indicate (Fig. 
2, A,B) a carapace plan significantly different from Enoploura. The 
median basal plate (mac) appears not to reach the peduncle, thus 
recalling the status of Placocystis and Rhenocystis; the marginal 
plates overlap widely on the carapace, instead of being mere vertical 
abutments against the plates as in Enoploura; and at least eight som- 
atic plates, in addition to the basal median plate, appear to be indicat- 
ed inside the frame of the marginals. The unique disposition of the 
Ateleocystites carapace plates alone is enough to establish the generic 
distinctness of these two. 

With Anomalocystites Hall (1859), s.s., (type species: 4. cornu- 
tus Hall) of the Lower Devonian (Helderbergian) of eastern Amer- 
ica, and the carpoid species 4. disparilis Hall from the Oriskanian. 
described at the same time (see Basslerocystis, below) Enoploura 
shares really very little, except a general carpoid organization and 
gross form. ‘The two species are unique in possessing swollen egglike 
thecae. “Iwo very different genera are involved in these inflated 
Devonian species. Since both were used by Hall in his definition of 
the genus dnomalocystites, it is not surprising that there has been 
some uncertainty ever since as to precisely what constitute the mor- 
phologic traits of the genus. Thus one is always perplexed by the 
adjective ‘‘anomalocystid,’ especially when employed as a synonym 
for “carpoid.” As Figure 2, E,F,G,H will bring out, not only are 
these species extraordinary, but in detail they are quite dissimilar; they 
occupy what appear to be homeomorphic extremes in carpoid evolu- 
tion, if, indeed, both are really carpoids! Schuchert (1904) and 
Kirk (1911) have somewhat clarified the confusion concerning Hall’s 
genus through their reexamination of the two species involved in its 
description. 

As will be seen by an examination of the restorations on Figure 
2, in the Helderbergian species cornutus’, the type species, six 

> Tt is intzrestng to note in passing that Haeckel (1896) in his great 
monograpi on the Phylogeny of the Echinoderms was mistaken as to the 
relative stratigraphic horizons of Anomalocystites and of Ateleocystites 
(lower Middle Ordovician). He reversed them; thus some of his phylo- 
genetic thinking with respect to the two is peculiar. 
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transverse series of carapace plates are well defined; they do not fall 
reidily into vertical tiers, and the bilateral symmetry is somewhat 
imperfect. Most characteristic, and apparently unique among the 
carpoids, as now understood, is the presence of a pair of segmented 
brachia with ambulacral extensions upon them. These were des- 
cribed in detail by Schuchert (1904). (The brachia are amazingly 
similar to his representation of the terminal peduncle, one should 
note.) This character alone should make the true anomalocystids 
suspect members of both the Carpoidea and the Mitrata. (It is 
extremely inappropriate and misleading to continue the custom oi 
using “anomalocystid” as a substitute for ‘“carpoid.’’) Although 
Bather (1900) hesitantly referred d. cornutus to Ateleocystites, it 
really now seems to have nothing generic or even of a family nature 
In common with that Ordovician genus. An added matter for specu- 
lation is the apparent complete lack of a stylocone or its correlate in 
Anomalocystites. Schuchert (1904) gave a quite unequivocal restora- 
tion of the two-part peduncle (see Fig. 2, H). In this respect the 
assignment of the genus to the Mitrata again becomes suspect, for 
the genera pertaining to this order seem always to have a styloid. 
Because of the exceptional morphology of the genus a new sub-order, 
Anomalocystida, has been created for it below. The Anomalocystida 
may eventually prove to be a distinct order (of the Carpoidea?). 

When more data are available, dnommalocystites, s.s., may prove 
to be a terminal expression of the Rhipidocystis Jaekel line, redefined 
by Hecker (1940), from the Baltic Black River equivalents in the 
Ordovician (B-3 through D-1). In this genus (now completely dis- 
sociated from Jaekel’s fantastic ideas on the organization of the genus, 
as shown in Hecker, fig. 1, p. 9) there are also exothecal ambulacral 
extensions on many (up to 10) segmented brachia or “fingers,” as 
Hecker calls them. The food-grooves are covered by imbricate. 
wedge-shaped plates. Hecker proposed the new carpoid order Digitata 
for Rhipidocystis. Although the number of plates in the theca is 
apparently constant, and the plates themselves differentiable into 
marginal and somatic, the details of arrangement are not especially 
carpoid; moreover the ornament is granular and not of the carpoid 
type. The peduncle is degenerate, not differentiable into two zones, 
and apparently without any trace of a styloid process. The two faces 
of the Rhipidocystis theca are flat and subparallel, and both depressed 
below the thick plates of the marginal flange. This contrasts with 
the much-inflated theca of the Lower Devonian genus. 

Hall’s other species, Anomalocystites disparilis, is a true mitrate 

carpoid in every respect, albeit a very conservative one. So far it is 
known only from the American Oriskanian (Lower Devonian), and 
may represent the highest stratigraphic occurrence of the class. As 
even casual comparison of the drawings in Figure 2 will show, Hall’s 
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two species share very few generic traits—if any. The plate number 
and arrangement of 4. disparilis are distinctive, and especially so the 
inflexible placocystid brachia. A new genus is created below for this 
species. The generic name is intended to honor Dr. Ray S. Bassler. 

Genus BASSLEROCYSTIS Caster, n. genus 

Type species—Anomalocystites disparilis Hall. Based on a single 
incomplete specimen. Oriskany sandstone (Lower Devonian), east- 
ern United States. 

Anomalocystites Hall, J., 1858, Amer, Jour. Sci. and Arts, 25(2):p. 2793 
1858, Paleontology of New York, 3:p. 132 (pars); Meek, F. B., 1873, 
Ohio Geol. Survey, Paleont. Ohio, 1, pt.2:p.43 (pars) ; Woodward, H., 
1880, Geol. Mag., 7 (dec. 2): pp. 193, 199 (pars); Schuchert, C., 1904, 
Smithsonian Misc. Coll., 47, pt. 2: p. 204 (pars); Kirk, E, rg11, U. S. 
Nat. Mus., Proc., 41: pp. 21-26 (pars). 

Anomocystis Haeckel, E., 1896, Fest. z. Siebenzigsten Geburtstage v. C. 
Gegenbaur, Bd. 1, p. 41 (pars). 

Placocystis de Koninck (aff.), Bather, F. A., 1g00, Treatise on Zoology, 

Ne Gy Be Gir 
Non Anomalocystis (and Anomalocystites) Barrande, J., 1887, Syst. Silur. 

Centre Bohéme, 7, pt. 1:p. 89; Jaekel, O., 1900, Deut. Geol. Gesell., 
Zeits.. 52:p. 668. 

This is one of the most elusive and enigmatic carpoids, due both 
to the rarity of specimens and the unsatisfactory preservation of such 
as are known. There are fundamental discrepancies among the three 
printed accounts of the morphology of the type species such as argue 
for the possibility of involvement of more than one species. However, 

Schuchert (1904) and Kirk (1911), who appear to have handled in 
the main the’ same specimens, still came up with quite different plats 
of plate arrangement in the species. ‘The diagram shown in Figure 2, 
1,F, is an attempt to harmonize the divergent representations (especi- 
ally Schuchert’s and Kirk’s) in the light of the apparent morphologic 
probabilities judged on the basis of other carpoids. Hall’s somewhat 
restored illustration of the holotype shows considerably fewer carapace 
plates than either Schuchert or Kirk represent from suites of better 
preserved topotype specimens. The essential characteristics of the 
species, and those of generic importance, seem not to be in dispute. 
Should more than one species be found to be masquerading under 
this designation, all appear to pertain to the new genus Basslerocystis, 
the analysis of which follows: 

Carpoid, flattened egg-shaped theca; possessing inflexible brachia 
(Schuchert, 1904) attached in the placocystoid manner (Kirk, 1911) ; 
tegmenal area a quadrate, transverse opening (Schuchert, 1904) 
which is closed by a single, hinged, opercular plate (Kirk, 1911) 
which bears longitudinal internal furrows (Schuchert. 1904). No 
mouth or anus openings known; both probably confined to the quad- 
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rate tegmenal zone (Kirk, 1911). Plastron slightly concave, with 
subangular lateral carine; carapace much inflated, and proximally 
rolled under (as shown by Kirk, 1911, pl. 3, fig. 11). The plastron 
shows two “‘somatic plates,” in characteristic conservative carpoid 
(and also “anomalocystid”) pattern; however, a narrow transverse 
median plate, possibly comprised of fused tegmenal (or adtegmenal) 
plates, lies distad of the usual anterior ventral bounding plates (Kirk, 
1911); also two lateral bounding plates, chiefly ventral in position, 
lie at the extremities of this transverse median plate and form the 
lateral boundary of the tegmenal (apertural) quadrangle (Kirk, 1911, 
ple. 32).tie2 20) 

The carapace appears to be symmetrical in plate number (Schu- 
chert, 1904, Kirk, 1911), if not in arrangement (Schuchert, 1904). 
thus apparently making Hall’s species name, disparilis, somewhat 
inappropriate. Hall showed an odd number of carapace plates, a 
number smaller than that noted by either of the revisers. The number 
and arrangement represented on Figure 2, F, seems to conform in 
essentials to the Schuchert and Kirk analysis. However, Schuchert, 
tollowing Hall’s restored basal pattern, showed three basal (adpe- 
duncular) plates, whereas Kirk found an additional row of plates 
between those supposed basals and the peduncle on the underturned 
carapace surface. [hese basal marginals are shown in broken line 
on Figure 2, F. Schuchert (1904, fig. 22) suggested the presence of 
such an intercalated basal series on the left side of his diagram A, 
Kirk denied the existence of either an anal aperture or special anal 
plate in the proximal carapace such as Schuchert suggested. Hall 
had restored a tiny, more or less placocystid, mid-carapace plate in 
the position selected by Schuchert for the anal area. 

Comparisons of Genus Basslerocystis—Bather (1900) indicated 
the affinities of this genus when he referred the type species to 
Placocystis rather than Hall’s genus. One can infer in the writings 
of both Schuchert and Kirk that they were open-minded on the 
assignment of the species to some genus other than Hall’s. Clearly, 
both in the plate dissimilarities and the differences in the nature of 
the distal appendages of the calyx, the two Hall species have very 
little in common. ‘These differences are most clearly brought out in 
Figure 2, by comparing drawings E,F with G,H. 

What appear to be the homologues of the Enoploura axillary 
plates (ax) have been represented by Kirk (1911) in 4. disparilis; 
this is the only other occurrence so far reported of these plates. The 
transverse median adtegmenal plate of the Basslerocystis plastron has 
no counterpart in the carpoids; it may be a fused series of adtegmenal 
plates, although the prototype of such is unknown so far in the class. 

On the dorsal surface Basslerocystis preserved the largest number 
of carapace plates so far known in the Mitrata, showing fused, rather 
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than imbricate (Mitrocystida), dorsal plates. It is not possible now 
to correlate these plates with those of other genera, except in a general 
way. Most distinctive and different is the existence of an extra series 
of basals (sub-basals) on the underturned surface of the carapace in 
Basslerocystis, as shown by Kirk (1911). 

It would apparently* require a considerable lineage of genera to 
connect Basslerocystis with any other mitrate form. 

Both Anomalocystites, s.s., and Basslerocystis would seem to 
illustrate the retention of a very primitive carapace plan, more primi- 
tive in scheme even than Rhenocystis (Fig. 2, I,J). The inflated 
thecae would seem to be more archaic than the flattened forms com- 
mon among carpoids. They would appear to preserve on the dorsum 
the generalized archetype in plate pattern that Placocystella of the 
Austral Lower Devonian preserves in its symmetrical venter. Perhaps 

ene might project backward from these terminal ‘‘anachronisms,” the 
kind of prototype to be expected in the early Ordovician from which 
the Placocystida (new sub-order, below) developed. 

By way of contrast, Kirkocystis Bassler (1950), from the Okla- 
homa Middle Ordovician, and Anatiferocystis Chauvel (1941), of 
about the same age in Brittany, are probably the most specialized 
carpoids known. They have inflated anomalocystoid thecae but the 
carapace plates have been chiefly reduced to two large (marginal?) 
ones which meet on the mid-dorsal line. In Kirkocystis there are 
poss_bly several small basal plates on the carapace; the plastron bears 
two such baal plates, but the main area of the flat plastron is covered 
by the ventral extensions of the two large carapace plates; between 
them on the venter are an elongate somatic plate and a small epicen- 
tric plate. “his curious arrangement is foreshadowed by severai 
European Ordovician genera (see, for example, Chauvel, 1941) from 
which the unknown, but probably asymmetric, appendicular details of 
Kirkocystis may be inferred. Anatiferocystis Chauvel (1941) is 
dicotyledonoid with only two thecal plates retained; these meet on 
the mid-dorsum and m’d-venter. The thecal form is still kirkocystoid. 

The higher category Carpoidea (=Heterostelea) has not yet 
found its natural level in the classification of the echinoderms. Al- 
though listed as a class on a previous page, it may with equal propriety 
be elevated to the rank of sub-phylum, alongside Pelmatozoa and 
Eleutherozoa. Whitehouse (1941) proposed the sub-phylum Homalo- 
zoa to include the classes Carpoidea and Machaeridia (Withers, 
1926), however the elimination of Withers’ ‘‘class’”’ from the Echino- 
dermata by Wolburg (1938) and others leaves the Carpoidea alone 
to represent the sub-phylum. 

Such elevation is incompatible with the still current concept ot 
the carpoids as derived pelmatozoans, like the rest of the “‘cystoids.” 
Inherent in this long-standing classification, which Bather (1900) was 
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largely instrumental in advancing, is the idea that all echinoderms 
are derived from a sessile archetype, through whose fixation radial 
symmetry was attained; and that both free-moving and non-radial 
echinoderms can be homologized with such a forebear. 

In the paper cited above, Whitehouse (1941) described Middle 
Cambrian vagrant echinoderms which he interpreted as the fulfillment 
of the historic prediction from the Biogenetic Law of the eventual 
discovery of fossil correlates of the free swimming larval stages of 
existing echinoderms. The previous absence of such fossil data had 
been the basis for the development of the current ideas outlined above. 
On the basis of the new Cambrian remains, Whitehouse resuscitated 
the dormant idea that echinoderm radial symmetry may stem with as 
much orthodoxy from a free-swimming existence as from sessility. 
Indeed, the most perfect degree of radial symmetry throughout the 
Animal Kingdom pertains to eleutherozoic organisms. Whitehouse’s 
discovery, if his material has been properly interpreted (see Regnéll, 
1948 and Gislén, 1947), is a fundamental challenge to the pelmato- 
zoan theory. He proposed the new sub-phylum Haplozoa for the new 
Cambrian eleutherozoic echinoderms. 

Two new classes were recognized for the Haplozoa: the class 
Cycloidea, based on the radially symmetrical genus Cymbionites, and 
the class Cyamoidea, based on the bilaterally symmetrical genus 
Peridionites. Thus in this sub-phylum the fundamental cleavage 
between bilateral and radial organization was established in the 
Echinodermata. Whitehouse postulated a dipleurula-like, segmented 
and coelomate archetype of the phylum, as most echinoderm specialists 
have done, but passes directly therefrom, without either radial sym- 
metry or fixation, into the cyamoid Haplozoa. A direct projection 
of this lineage became the Carpoidea (=Homalozoa, restricted) ; thus 
there could have been no radial symmetry or sessility in this line. 
By further evolution at the Haplozoa grade of organization, White- 
house would have the radially symmetrical, but still eleutherozoic, 
cycloids differentiated. Apparently a basic cleavage of the Cycloidea 
resulted in the sessility and concomitant modifications of the sub- 
phylum Pelmatozoa on the one hand, whereas on the other, persever- 
ence of the radial organization and motility of the cycloids accom- 
panied the evolution into a more complex organization seen in the 
sub-phylum Eleutherozoa. According to the Whitehouse scheme, this 
last sub-phylum did not pass through a pelmatozoan intermediate stage, 
and any larval fixation that occurs in the sub-phylum is purely coinci- 
dental and non-recapitulatory. “The adaptive form which represents 
the average habitus for each sub-phylum seems to have been indepen- 
dently attained in homeomorphic lines within each of the other 
sub-phyla; witness: the eleutherozoic Pelmatozoa, pelmatozoic Eleu- 
therozoa, pore-bearers of carpoid form, etc. 
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The following synopsis will summarize the relations between: 
these genera, and other mitrate genera, and Enoploura. It will also 
serve as an instrument for emending Jaekel’s (1900; 1918) higher 
category classification of the Mitrata- 

Order MITRATA Jaekel, I91I8 

Carpoidea (Heterostelea) having convexo-planate or convexi- 
concave calices; both surfaces are covered by relatively large plates: 
there are many fewer plates on the plastron ordinarily than on the 
carapace. [Lateral marginal plates are common to both surfaces; four 
to six adpeduncular basal plates present; these usually exhibit char- 
acteristic striations or [aminations. Peduncle tri-partite: the proximal 
section is swollen, with a large [umen, and ts comprised of fused 
annulations each formed of two dimeres sutured on the mid-dorsum 
and mid-venter (the “heterostele” character) (in Enoploura each 
peduncular ‘“‘dimere”’ bears a lateral suture, thus creating a tetra- 
merous condition which possibly represents the archaic condition of 
the peduncle in the whole order); the middle section of the ped- 
uncle bears a large ventrally-inserted toothed or bladed  assicle,. 
the ‘‘process,” styloid or stylocone; distal portion of peduncle narrow, 
cylindrical column of flexibly united colummals. These are pre- 
sumably also made up of fused dimeres (tetrameres?). Terminal 
section of peduncle is often much reduced and frequently coiled in 
repose, 

The principal morphologic differentia and the taxonomic cate- 
gories so far based thereon are shown in the following key. 

Key to the Genera, Families and Sub-families of the Mitrata 

f. Carapace plates imbricate; no brachia or other distal exothecal appen- 
davese meerrer cece acme Dd Dero wide ol orereits Wie eae eke olete sa piowmie reo elke ee 
Sub-order Mitrocystida n. sub-order; Family Mitrocystidae Jaekel, 

1900. 
Ae chhreessomaticaplates! onisplastnon) merrmeise eeeiise ee icin ete cere eee 

Genus Mitrocystella Jaekel, 1918; Lower Ordovician, Bohemia. 
B. Four, five or six somatic (hypocentric) plates on the plastron ..... - 

Genus Mitrocystis Barrande, 1887, Lower Ordovician, Bohemia- 
IJ. Carapace of fused, non-imbricate plates; distal appendage or appendages 

present. 

AS (Only one distal farm) onsprocessspresent (ree. eerec eee eetee 
Sub-order Lagynocystida nn. sub-order; Family Lagynocystidae 

Jaekel, 1918. 
x. Plastron comprised wholly of marginal plates; carapace with many 

smallcentral splates;muchwelongated!icallyx; temas eee ares 
Sub-family Laynocystinae n. sub-family; Genus Lagynocystis 
Jaekel, 1918, Middle Ordovician, Bohemia. 

z. Plastron or carapace, or both, reduced to two plates 
Sub-family Kuirkocystinae n. sub-family. 

a. Carapace comprised wholly or essentially of two marginal plates; 
surface tubercular. 
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{1) Plastron largely covered by two marginal plates, but contains 
two or more narrow somatic plates ................2 02008 
Genus Kirkocystis Bassler, 1950, Middle Ordovician, 
Oklahoma. 

(2)5 lastron® bearing “several (about a1), plates) ssesss. sso oes 
Genus Balanocystis Barrande, 1887, Middle Ordovician, 
Bohemia. 
Allied new genus, not described, Lower Devonian, Brazil. 

b. Calyx comprised of two large plates only; these meet on mid- 
venter and mid-dorsum; apparently no basal plates ........ 
Genus Anatiferocystis Chauvel, 1943, Middle Ordovician, 
Brittany. 

B. ‘Two exothecal arms or brachia present. 
1. Brachia segmented, bearing exothecal ambulacra (Schuchert, 1904). 

Sub-order Anomalocystida® n. sub-order; Family Anomalocys- 
titidae Meek, 1872, emend., restr.; Genus Anomalecystites Hall, 
1358, s.s.; Lower Devonian, United States. 

2. Brachia rod-like, unsegrferted, articulated at base, non-subvective, . 
Sub-order Placocystida®, (Haeckel, 1896) emend., n. sub-orders 
Family Placocystidae n. family. 

a. Symmetrically arranged plates on both carapace and _ plastron. 
Genus Placocystella Rennie, 1936, Lower Devonian, South 
Africa and Brazil (allied form). 

b. Asymmetrically arranged plastron plates; carapace symmetrical. 
(1) Less than three somatic plates en the plastron ............ 

Sub-family Placocystinae n. sub-family. 
(a) Two somatic plates on the plastron; carapace with 

“placocystid’”’ plate. 
(1) Elongate calyx; five series of carapace plates. 

Genus Rhenocystis Dehm, 1933, Lower Devonian, 
Germany. 

(ii) Ovate calyx; four series of carapace plates ........ 
Genus Placocystis de Koninck, 1869, Upper Silurian, 
Great Britain. 

(2) Three somatic plates on the plastron; no “placocystid” 
plate | Reso ee Sub-family Enoplourinae n. sub-family 

(a) Six somatic plates on the carapace; prominent stylocone.. 
Genus Enoploura Wetherby, 1879, Upper Ordovician, 
United States. 

(b) More than six somatic (epicentral) plates on the cara- 
pace; stylocone not prominent; broad grooved teg- 
MeT alps PlAtely «pee hovercct era stot ere crete: Aehahorety, oa es ee re sieveyeiahs 
Genus Ateleocystites Billings, 1838, Middle Ordo- 
vician, Canada. 

(3) Five somatic plates on the plastron; large number of non- 
imbricate carapace plates; operculate tegmenal area 
Sub-family Basslerocystinae n. sub-family; Genus Basslero- 
cystis n. genus, Lower Devonian, United States. 

® Haeckel (1896) used the term “Anomocystida” (=Anomalocystida) for a 
family of the Amphoridea. He credited Woodward (1880) with the family 
(Anomalocystidae), the spelling of which he arbitrarily modified; however, 
the family Anomalocystidae was first proposed by Meek (1872). That family 
is now employed in a restricted sense in this paper under the emended 
spelling Anomalocystitidae, to agree with the orthography of Hall’s genus. 
The term “Placocystida” was also employed by Haeckel for a_ family 
designation (=Placocystidae), but in a sense more nearly corresponding to 
the order here indicated. 
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It is quite likely that each of the above proposed sub-families 
will in time be elevated to family status. The morphologic differ- 
ences involved appear to be of higher taxonomic value than the rank 
here assigned. It would seem to require unduly long generic phylo- 
geny to connect the various “sub-families” of the Placocystidae of 
this synopsis, for example. There does not seem to be any sound 
basis for the current assumption that these organisms exhibited any 
markedly greater plasticity in the arrangement of thecal plates than 
did other echinoderms of comparably high organization. In the study 
of this group there is still too much carry-over in the mode of think- 
ing about them from the days when they were assigned to the Cysti- 
dea. The morphologic evidence now at hand strongly suggests that 
a truly grand array of genera yet await discovery before the evolu- 
tionary links between many of the known carpoid genera (and 
families) now known can be ranged with any confidence into phylo- 
genetic series. 

SPECIES OF ENOPLOURA 

Eroploura balanoides (Meek) Plate 2, figs. 7-3 

Anomalocystites (Ateleocystites?) balanoides Meek, F. B., 1872, Amer. 
Jour. Sci. and Arts, 3(3):p. 423; 1873, Ohio Geol. Survey, Paleont. 
Ohio; 3, pt 22p. 41, \pl-3 bis; fies. 6ya-c 

Enoploura balanoides (Meek), Wetherby, A. G., 1879, Cincinnati Soc. 
Nat. Hist., Jour., 1:p. 163 (pars). 

Ateleocystites balanoides (Meek), Woodward, H., 1880, Geol. Mag., 7 
(dec. 2): p. 198 (pars), pl. 6, figs. 6-8. 

Anomalocystites balanoides Meek, Miller, S. A., 1889, North Amer. Geol. 
and Paleont., p. 224, fig. 247. 

Placocystis balanoides (Meek), Haeckel, E., 1896, Festschr. z. Siebenzig- 
sten Geburtstage v. C. Gegenbaur, Bd. 1, pl. 2, figs. 5-7. 

Placocystis crustacea Haeckel E., 1896, Idem., p. 39 (pars). 

No new facts concerning the type species, s.s., have been dis- 
covered since Meek’s original analysis, which was based on a specimen 
collected by G. W. Harper (fide Wetherby, 1879) from the Cin- 
cinnati hills. His illustrations are copied on Plate 2, figs. 7-9. 
Apparently no new specimens showing the traits of the holotype nor 
any other specimen from the horizon of the holotype have so far 

turned up. 

The exceptionally large size of the holotype calyx fragment, the 
narrow basal carapace plate (mac), breadth of the proximal calyx, 
markedly arcuate basal plastron plates (bm), and very deep reentrant 
in these plates at the base of the plastron for the attachment of the 
peduncle, all mark this specimen as very different from any others 
representing the genus. Since it is clearly from a distinct geologic 
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SPECIES OF ENOPLOURA 

Fig. 2. Type species of characteristic mitrate echinoderms. A and _ suc- 
ceeding alternate letters are plastron views; B and_ succeeding alternate 
jetters are corresponding carapaces. A,B, Ateleocystites huxicyi Billings. 
Middle Ordovician, Canada. Included here on the assumption that rigid, 
placocystid arms are present; this appear to be true of the type specimiens. 
Based on the Billings types shown by Alice Wilson, 1946. C,D, Placocystis 
forbesiana de Koninck. Upper Silurian (Wenlock), Great Britain. Based on 
Bather’s restoration, 1900, from type material. E,F, Basslerocystis disparilts 
(Hall) Caster, n. genus. Lower Devonian (Oriskanian), United States. Com- 
posite restoration based on Hall, 1859, Schuchert, 1904, and Kirk, 1911, from 
type and topotype material. G,H, Anomalocystites cornutus Hall. Lower 
Devonian (Helderbergian), United States. Questionably a carpoid. Drawn 
from Hall, 1859, and Schuchert, 1904, based on type and topotype material, 
I,J, Rhenocystis latipedunculata| Dehm. Lower Devonian  (Bundenbach), 
Germany. Somewhat restored from Dehm, 1933. K,L, Enoploura popei 
Caster, n. species. Upper Ordovician (Maysville, Cincinnatian), United 
States. Drawn by Anneliese S. Caster. 
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horizon, from which no competing specimens have so far been recov- 
ered, and because there now appears to be some degree of specific 
differentiation discernible in the various formational occurrences of 
the genus, it seems best te restrict the Meek species to the original 
holotype. Clearly the only other Maysville species known, E. popei, 
n. sp., to be described below, from the Corryville formation, is mor- 
phologically different from the type species in every comparable 
detail. 

Occurrence—As explained in the introduction, the type horizon 
of the Harper species must lie in the Fairmount member (“Hill 
Quarry beds”), upper Fairview formation, basal Maysville subseries 

of the Cincinnatian series (Upper Ordovician). It was recovered 
from the hills at Cincinnati’. 

Enoploura crustacea (Haeckel) Plate 2, figs. 17, 2?, 3-5, 6? 

Enoploura balanoides (Meek), Wetherby, A. G. 1879, Cimcinnati Soe. 
Nat. Hist., Jour., 1:p. 163 (pars); 1879A, 2:pl. 7, fig. 1d-g. 

Ateleocystites balanoides (Meek), Woodward, H., £880, Geol. Mag., 7 
(dec. 2):p. 198 (pars), pl. 6, figs.. 12-15. 

Placocystis crustacea Haeckel, E., 1896, Festschr. z. Siebemzigsten Geburts- 
tage v. C. Gegenbaur, Bd. 1, p. 39, fig. 1,2 (imaginative restoration), 
(pars). 

Enoploura crustacea (Haeckel), Bather, F. A., rg00, Treatise on Zoology, 

pt. 3, DP. SI 
Ateleocystites balanoides (Meek), Bassler, R. S., 1915, U. S. Nat. Mus., 

Bull. 92, p. 88 (pars). 

Ever since the discovery of the first enoplourid, the arthrovodous 
aspect of the greup has been manifest. Witness the type species 
name balanoides, above. The basal thecal plates do recall the plates 
of barnacles; likewise the flattened theca and the flexible peduncle. 
However, the nature of the peduncle was unknown when Wetherby 
discovered the. truly amazing, stylocone-bearing structure which he 
reported in 1879, along with two new thecal fragments. The new 
materia! only increased the similarity to the Crustacea; so much so, in 
fact, that Wetherby courageously removed his new genus Enoploura, 

7 There is a rather marked difference in fauna and facies between the 
calcarenaceous Fairmount beds and the overlying argillaceous McMillan 
formation, so it would not be especially strange should different species 
characterize genera common to the two formations. In the past there has 
been too little species discrimination between the formations of the Maysville 
subseries. Recent restudies, such as Flower’s (1946) on the Cincinnatian 
cephalopods and Van Fossen (1951, M.S. Thesis, U.C.) on the rafinesquinid 
brachiopods, point up rather forcefully the need for closer specific distinctions 
among even the commoner Cincinnatian faunal elements. Many of these 
new, and morphologically sound, species derived from closer scrutiny of old 
broad “species” have quite restricted stratigraphic ranges. 



ror Upper OrbovicIAN ENoPLOURA: CASTER is 31 

based on the original Meek fragment, his two new comparable frag- 
ments, and especially the new peduncle-bearing specimen, from the 
Echinodermata. Wetherby’s new material came from near the top 
of the Richmond subseries, considerably higher than Meek’s types, 
hence it is not surprising that they are somewhat different morpho- 
logically. 

From his broad world-perspective of the echinoderms, Haeckel 
(1896) recognized that these structural differences between Meek’s 
primary types and Wetherby’s supposed hypotypes were of a sneciftic 
nature. The name crustacea was proposed for the Richmond fossils, 
although the Wetherby genus was suppressed as a synonym of Placo- 
cystis. The new name was an especially felicitous one, as a glance 
at Plate 2, figures 10-12 will show. ‘These are three views of Weth- 
erby’s specimen showing the attached peduncle and remarkably crus- 
taceous appearance of the fossil. One specimen of Wetherby’s other 
material (Plate 2, figs. 3-5) bears the attached peduncle, without the 
“process”; but the calices of all his specimens are incomplete to about 
the same degree as Meek’s material. 

A comparison of the dimensions and plate arrangements in the 
three new specimens illustrated by Wetherby (1879, pl. 7, figs. 1, 1a- 
g) shows differences which may well represent contemporaneous 
speciation, and are here so evaluated. Bather (1900, p. 51, footnote) 
noted this when, in the process of recognizing Wetherby’s genus anew, 
he restricted Haeckel’s name crustacea to only part of the Wetherby 
suite (1879, p. 7, figs. 1d,e,f, g). He does not indicate his intentions 
with respect to Wetherby’s other specimen (figs. 1, I1a-c), but it is 
to be supposed that he wished it referred back to Meek’s original 
species, which was the only other one then known in the genus. 
However, it now appears that this specimen cannot be referred to 
either Meek’s Maysville species (balanoides) or the Richmondian 
crustacea of Haeckel, as delimited by Bather. Hence the new species 
E. wetherbyi, below. The result of Bather’s action was to eliminate 
from the species crustacea Wetherby’s most crustaceous-appearing 
type, and the one which probably most influenced Haeckel in choosing 
the species name. Bather’s action indirectly made the specimen illus- 
trated by Wetherby on his plate 7, figs. 1d-f, the holotype of FE. 
crustacea (Haeckel), and there seems to be no good reason to contest 
this designation now. Especially so, in view of the fact that all mem- 
bers of the genus, in which the peduncular detail is well preserved, 
have a remarkably crustaceous appearance. 

All the characteristics of E. crustacea now knowable are shown 
by the copies of Wetherby’s illustrations (1879, pl. 7, fig. 1d-g) given 
on Plate 2. The prominent triangular depression of the posterior 
plastron surface, corresponding in its delimitation to the internal 
converging buttresses (Fig. 1), marks crustacea as a highly distinctive 
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torm. Apparently the basal angles of the buttress triangle have 
specific value. A specimen from Madison, Indiana, (Plate 2, fig. 1) 
appears to belong to this species, on the basis of similar triangular 
areas. It represents the nearly complete interior of a plastron surface, 
and is therefore the second specimen to be discovered which reveals 
the outline of the whole Enoploura calyx. At the anterior end of this 
specimen are many scattered polygonal plates. They are suggestive 
of a tegmen covering. The inner edge of a large (median?) plate 
(presumably the sam plate) is bordered by a channeled flange (Fig. 
2) in a manner remotely suggestive of the ‘““M”’ plate furrowings in 
the carapace of Mitrocystis. Possibly this plate performed an opercu- 
lar function in Enoploura. 

This species differs from E. popei, below, in its narrower calyx, 
and more pronouncedly depressed triangular area of the plastron. It 
differs from the type species in the same characters, and especially in 
its lesser proportional width, shallower peduncular emargination of 
the plastron, and less arcuate basal plastron plates. Although no 
stylocone process is preserved in the original collection, the massive 
structure is present, but badly fractured, in the Madison specimen. 
No comparison with either Enoploura popei or E. wetherbyi can be 
made in this respect, however. 

Occurrence-—The holotype (Newton specimen) came, according 
to Wetherby (1879), from the “upper part of the Hudson River 
group at Richmond, Indiana.’ ‘This is in the upper part of the 
Richmond subseries of the Cincinnatian series in modern stratigraphy. 
The exact formation is unknown, but it is probably the Whitewater 
or Saluda formation. The Madison hypotype is poorly documented. 
The only data on the University of Cincinnati label (U.C. No. 
25708) are “Madison, Indiana.’”’ ‘The entire stratigraphic section 
from the upper Maysville to the top of the Ordovician is exposed in 
the Ohio River bluffs at Madison, but the more likely fossil horizons 
would be in the Richmond. The only indentifiable fossils in the 
matrix of this specimen are shells of the brachiopod Zygospira which 
is, unfortunately, not an adequate stratigraphic marker. 

Enoploura wetherbyi Caster, n. sp. Plate 2, figs. 10-12 

Enoploura balanoides (Meek), Wetherby, A. G., 1879, Cincinnati Soc. 
Nate *iHist," Jour.) 1ps 163) (pars) 187945) 2eiplen 7a tie eee ota=Di 
Woodward H., 1880, Geol. Mag., 1896, 7 (dec. 2):pl. 6, fig. g-r1. 

Placocystis crustacea Haeckel, E., 1896, Festschr. z. Siebenzigsten Geburts- 
tage v. C. Gegenbaur, Bd. 1, p. 39 (pars). 

This species is based on the original specimen collected by Dr. 
Wetherby which preserved the curious peduncular ‘process’ (stylo- 
cone) and ventral peduncular styloid insertions. It was this specimen 
which led him astray in assigning the species to the Crustacea and 
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brought down Woodward’s (1880) censure upon him. It also fur- 
nished the basis for Haeckel’s keen comparison of the carpoids with 
crustaceans. Since no additional material of the species has subse- 
quently come to light, Wetherby’s published diagnosis (complicated 
by his mistakenly employed crustaceous nomenclature) and excellent 
illustrations (copied on Plate 2) are the complete documentation. 
This species is characterized by its angular posterior calicinal angles, 
and especially by the construction of the peduncle. In contrast with 
Enxoploura popei, below, the peduncle of E. wetherbyi is narrower 
and more tapering and less conspicuously dorsally recurved. ‘The 
stylocone is less produced either ventrally or laterally, and the post- 
process mid-ventral insertions are less aborted, in keeping with the 
suaver dorsal curvature of the peduncle. The distal styloid insertions 
are foliaceous, keeled and imbricate, rather than closely fused struc- 
tures bearing blunt vestigial bosses or spines as they are in E. popei*. 

Occurrence.—From the “upper part of the Hudson River Group” 
at Osgood, Indiana, and according to Wetherby’s statement, it was 
found at about the same horizon as the Newton specimen (FE. crusta- 
cea) from Richmond, Indiana. This is probably from the White- 
water formation, and may have come from the Saluda layer, in 
which other cystoids are relatively common. 

S Although Wetherby’s description and excellent illustrations of this curious 
specimen certainly offered no basis for doubting the authenticity of the 
organization he described, Woodward (1880) was loathe to accept it as a 
fact. In making a footnote-suggestion that the ventral insertions might be, 
in reality, adventitious plates of a Turrilepas, he planted the germ which 
fifty years later was to grow into a veritable epidemic: “Is it possible,’ he 
wrote, “that the associated plates ... which Prof. Wetherby considers to be 
the “abdominal appendages” are the plates of Turrilepas? If this were the 
case, and their association not merely fortuitous, it might prove, not that 
Ateleocystites was a Crustacean, but that Turrilepas was possibly the 
peduncle of an anomalous Cystidean! We recommend this to Prof. Wether- 
by’s consideration.” It appears that this was the beginning of the thought 
which eventually led to Withers’ (1926) presentation of Turrilepas and its 
kind as a new echinoderm class, the ‘Machaeridea.” Despite considerable 
current acceptance on the Continent, Wolburg’s (1938) arguments against 
this “class” have never been successfully met, as Regnéll (1945) points out. 
Wolburg’s strongest argument was that, except for Lepidocoleus, a doubtful 
“machaerid”, the representatives of Withers’ “class” do not possess the 
crystalline calcite skeletal structure universally known in the Echinodermata. 
The entire skeleton of Enoploura is of the true echinoderm nature; dissociated 
peduncles appear never to have been discovered so far, thus they have not 
been confused with any “machaerid’”’ genus in paleontologic writings. If they 
do turn up, and the original skeletal structure is preserved, there is little 
chance of confusion. Moreover, the styloid process has apparently no 
analogue in the turrilepid organization, and so far as known, the character- 
istic sculpturing of the leaves in the machaerid strobilii does not occur on 
the peduncle plates of any carpoid. 
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Enoploura popei Caster, n. sp. Plate 1, figs. 1-6; Plate 3, figs. 1-6; 
Plate 4, figs. 4-8, Text fig. 1 

The holotype and three paratypes are the basis for the following 
specific analysis. The former is the first specimen of the genus to 
show the preservation of all carapace and plastron plates; likewise 
it is unique in demonstrating the presence of a pair of articulated 
rigid arm-spines at the distal corners of the calyx. The preservation 
of the peduncle is also exceptional. The first paratype (USNM No. 
180483) retains more of the calicinal plates than any specimen dis- 
covered prior to the holotype, and shows an exceptionally fine pres- 
ervation of the surface ornamentation. 

The plate arrangement and sizes are shown by the photographs 
and Figure 1. .The absence of any angularity at the basal angles of 
the calyx is very characteristic of these Corryville forms of the genus 
(see, for example, the contrasting condition in E. meeki, nv. sp., from 
the Waynesville, below). Although the holotype is exceedingly 
important for an understanding of the plate arrangement of the 
genus, each of the paratypes contributes certain details which the 
holotype does not show, or deviations which help toward an under- 
standing of the range of variation to be encountered in the species. 
Each specimen of the type suite is therefore separately considered 
below. 

Holotype.— The holotype (Univ. Cincinnati Museum No. 
25993) is illustrated in Figure 1 and Plate 1. It is conspicuously 
devoid of striking ornament, except for the coarsely pitted condition 
of the distal carapace plates, represented on Figure 1. The rest of 
the test is finely punctose only, with pyrite filling the delicate vertical 
peres. Even the characteristic carpoid rugae of the posterior (proxi- 
mal) lateral areas are obscure on the holotype (Plate 1, fig. 3). It 
seems hardly possible that this specimen, the best articulated yet 
recovered, could have suffered enough abrasion to account for the 
low grade of ornament now preserved. Were it not that the three 
paratypes represent a progressive ornamental sequence from the in- 
conspicuous prosopon of the holotype to the strikingly rugose and 
labyrinthine, ostracoderm-like condition in the first paratype (des- 
cribed below), one might consider the holotype as specifically distinct 
from the remainder of the type suite. 

The most characteristic specific traits of E. popei appear to 
belong to the peduncle. On the dorsal (1.e., carapace) side, 14 
peduncular somites. proximad of the styloid “process”? can be distin- 
guished. “Two of these, however, which would normally not emerge 
from beneath the posterior calyx shield, are revealed here by abrasion. 
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Each peduncular somite (ring) is comprised of four elements which 
meet at sutures on the mid-dorsum, mid-pleurae and mid-venter. Thus 
the proximal peduncle is made up of four-part (tetramere) fusion, 
rather than the two-part (dimere) fusion customarily postulated for 
the carpoids (erroneously?). Of the 14 somites distinguishable on 
the dorsum of the proximal peduncle, the comprising elements meet 
end-on at the mid-dorsal suture; those comprising the dorsal surface 
of the 4 somites adjacent to the process meet in zigzag. On the 
pleurae, 8 somites are revealed distad of the calyx plates; the corres- 
ponding dorsal and ventral elements of each of the 8 somites recurve 

toward the calyx at the mid-pleural line to form a characteristic series 
of proximally-directed pleural chevrons; the elements of each somite 
meet end-to-end, however, on the pleural suture. On the venter, the 
proximal 3 somites meet end-on; 8 are en-echelon along the zigzag 
ventral sutural line, but touch one another. ‘The distal two fail to 
meet due to the insertion of the ventral “process.” The latter is 
inserted between the 12th, 13th (aborted) and 14th segments, as 
counted on the dorsal side. 

The “process” has the form to be seen in the photographs. ‘The 
foliaceous margins, however, were considerably extended both ven- 
trally and laterally, and were slightly pustulose on the very edge; 7.e., 
they show no signs of abrasion. The shape of the process is probably 
a specific trait; likewise the nature of the post-process mid-ventral 
insertions. In FE. pepe these distal styloid insertions, like the “pro- 
cess,’ are massive crystalline calcite. They appear to have been 
solidly fused together and to the “‘process,’”’ although the sutures are 
discernible. On the ventral surface each insertion carries a blunt 
spine or boss. One such spine is shown intact in Plate 1, figure 3. 

The peduncle is sharply recurved dorso-anteriorly distad of the last 
preserved insertion on the holotype, and, judging from the area of 
fracture and apparent size of the peduncular lumen here, the recurved 
portion may have been very short and stubby. 

The dimensions of the holotype are as follows: 

Median length plastron 23.°,mm: 
Median length carapace 23.8 mm. 
Carapace width (max.) 16. mm, 
Depth plastron concavity 2.8 mm. 
Depth distal emargination of plastron 

{peduncle insertion) 2.5 mm. 
Width first blade of stylocone 5-3 mm. 
Width second blade of stylocone 7. mm. 
Distance between blades 3 
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Occurrence.—Discovered by Mr. John K. Pope from the middle 
part of the Corryville member of the Maysville group on Stonelick 
Creek, Clermont County, Ohio. The specimen was found on a 
calcarenite slab which had fallen from the middle section of the cut- 
bank of the creek about 200 yds. downstream from the highway 
bridge on Ohio Route No. 131. This is at the first stream ford 
below the highway. 

Paratype No. 1.—The first paratype (U. S. Nat. Mus. No. 
114798), illustrated on Plate 3, figures 4-6, is subequal in d’mensions 
to the holotype. It is second only in the number of calyx plates 
preserved, and shows the most remarkable ornamental detail of any 
specimen of the genus so far discovered. Only the distal thecal plates 
and distal peduncle are missing. All of the somatic plates of the 
carapace are preserved, most of the central somatic and the “anomalo- 
cystid” plate of the plastron. Only the proximal part of the stylocone 
cylinder is preserved, however. 

By comparing the photographs it will be seen that the general 
shape and arrangement of the plates are the same in the two speci- 
mens. However, the basal marginals (4m) of the holotype are 
slightly longer and narrower, and their lateral margins converge 
distally more rapidly. “The proximal median emargination of the 
plastron for the peduncle insertion is slightly deeper in the paratype. 
‘The median lateral marginal plates (mlm) of the holotype are sub- 
equal in size and symmetrically placed, whereas in this paratype the 
left plate is apparently considerably longer than the right (plastron 
view), and consequently the suture between the median latera! 
marginals and the anterior lateral marginals (alm) is considerably 
distad of the proximal acute angle of the “‘anomalocystid” plate, 
They are on approximately the same level in the holotype. The 
median somatic plates (m2, m3) of the carapace are longer and 
narrower in the paratype. On figure 4 the deltoidal interbasal (7b) 
plates show very distinctly. 

The most conspicuous trait of the paratype is the labyrinthine 
external ornament of all the calyx plates. As figure 6 shows, the 
transverse undulatory rugae, so characteristic of most carpoids, are 
prominent on the basal lateral regions of the lateral adcolumnals 
(lac), but over the remainder of the test a pebbled-leather effect. 
which grades into labyrinthine pitting distally, is unique. The effect 
is amazingly similar to that exhibited by many early placoderm and 
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ostracoderm fishes? (e.g., Bothriolepis of the Devonian in Patten, 
1912, fig. 247, 248, etc.). The labyrinthine ornament becomes a 
series of parallel ridges or rugae on the suture between the median 
plates (bm) and the posterior lateral marginals (flm). ‘The deep 
circular pits on the distal carapace plates of the holotype may be 
derived from the kind of ornament seen in this paratype, where, too, 
the excavations in the labyrinth appear to be deepest adjacent to the 
sutures of the median somatic plates (1-4). The peduncle of the 
paratype shows longitudinal ridges on all the tetramere elements; 
they are especially conspicuous on the carapace (dorsal) side. The 
basal portion of the stylocone is deeply pitted. In the holotype no 
peduncular ornament was observed. 

Occurrence. — ‘The paratype was discovered by Mr. Joseph 
Stocker behind the Seminole Apartments, on Ravine Street, Cincin- 
nati. [he horizon is in the middle part of the Corryville formation 
( Maysville subseries). 

Paratype No. 2.—The second paratype (Univ. of Cincinnati 
Mus. No. 25257) is a much smaller specimen than either of the 
previous ones. Only the basal series of plates is adequately preserved 
for study. Plate 3, figure 1-3 and Plate 4, figure 8 show the plate 
details and proportions. The peduncular emargination of the carapace 
is extraordinarily deep in this specimen, and the median adcolumnal 
(mac) much more scutelliform than in the preceding specimens. 
Figure 2 shows the undeformed basal profile of the specimen. Despite 
the smaller size of the specimen, the proximal peduncle appears to 

® This similarity in ornament between the enoplourid carpoids and the 
earliest fishes may be more than mere coincidence. Indeed, it is difficult to 
imagine such a close similarity arising completely independently. Gislén 
(1930) developed the thesis that the carpoids were closely allied to the 
enterocoelic radicle whence came the early chordates, and, indeed, may 
actually be more closely allied to the chordates than to the echinoderms. His 
arguments were largely based on similarities, real or inferred, in the pore 
system of certain carpoids (Cothurnocystites) and gill apertures in Amphi- 
oxous. Gregory (1935, 1951) has pointed out a certain similarity in the 
arrangement of the plates of the carpoid calyx (especially in Placocystites 
and Mitrocystella) and the armour plates of the Devonian ostracoderm 
Drepanaspis. Certainly from the earliest record of “fishes” in the Upper 
(?) Ordovician (Astraspis and Eriptychius), persistently through most of 
their Paleozoic history, the armoured chordates repeatedly bore plate orna- 
ment very similar to taat here illustrated for Enoploura. Thus one more 
morphologic trait appears to link these “atypical” echinoderms with the 
earliest preserved fish. In view of the fact that the ranges of the first fish 
and the carpoids overlap, one would presumably need to project the separate 
lineages backward for an immense time before they could possibly converge 
to the point of identity. The fact that the earliest fishes were apparently 
dwellers in fresh waters, and tne carpoids, like all echinoderms, wholly 
marine, would support the contention that an immense amount of time and 
concomitant evolution intervene in the morphologic hiatus between the point 
of departure and the coéval records of carpoids and the first fishes. 
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show the same number of elements as in the larger types. The four 
sutures between the peduncular elements show very well. 

Occurrence.—Collected by Mr. Stanley Schweinfurth about 8 
feet below the base of the Mt. Auburn formation, in the upper part 
of the Corryville beds at Tower Lake, on the outskirts of Cheviot, 
near Dent, Ohio. This is in the western hills of Cincinnati. 

Paratype No. 3.—The fourth specimen of FE. popei (Plate 4, 
figs. 4-7) is only slightly better preserved than the foregoing paratype. 
The proportions of the basal plates are slightly different from anv of 
the other types. Of particular interest in this specimen is the preser- 
vation in the peduncle (fig. 4) of clear evidence of the metameric 
nature of the styloid process. Beneath the exfoliation of the sutureless 
exterior of the two process blades, only the base of the first blade is 
retained in the specimen, a sutural surface is exposed. This bears a 
median keel. It seems to correspond in position to the junction 
between the two process blades and would thus indicate that the twe 
blades of the stylocone are but modified and externally fused isomeres 
of a series. 

In this specimen the ornament is intermediate in stage of develop- 
ment between the holotype and the first paratype, with a low-relief 
labyrinth well developed. 

Occurrence-——From the A. F. Foerste Collection in the U. S. 
National Museum (No. 93345) from “Maysville (Corryville), 
Cincinnati, Ohio.” It was identified as Meek’s species Enoploura 
balanoides, and presumably was the basis for the restriction of the 
species to the Corryville formation in Bassler’s (1914) Bibliographic 
Index. 

Comparisons —The present species differs from the Wetherby 
specimen from the Upper Richmond of Osgood, Indiana (described 
above as E. wetherbyi) (Plate 2, figs. 10-12), in being considerably 
less produced at the posterior angles of the calyx, in having a more 
transverse and more ponderous peduncular ‘“‘process,’’ and especially 
in possessing spinous, post-process, mid-ventral, styloid peduncle inser- 
tions, rather than keeled foliaceous plates. The basal carapace plate 
(mac) in E. popei is considerably broader and longer proportionally 
than in E. wetherbyi. Wetherby’s specimen was the only one pre- 
viously discovered which shows the peduncular “process” and was 
the first record of the styloid structure in paleontologic literature. 
The Newton specimen (Plate 2, figs. 3-5) from the Upper Richmond 
also (Richmond, Indiana) preserved the proximal peduncular plates, 
but no “process.” This species has a narrower and apparently longer 
calyx, with a very conspicuous’ triangular depression in the posterior 
plastron floor, corresponding to the area delimited by the converging 
internal buttresses (Plate 2, fig..1). It is possible that the plastron 
interior of a nearly complete calyx shown on Plate 2, figures 1, 2, 
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pertains to Haeckel’s species. The type species Enoploura balanoides, 
(Plate 2, figs. 7-9), which comes from the lower Maysville, apparent- 
ly, is a considerably larger organism than E. popez, and is charac- 
terized by the narrowness of the posterior carapace plate (mac), the 
arcuate outer sutures of the posterior plastron plates (bm), and the 
conspicuously deep basal invagination of the plastron for the peduncle 
insertion. Nothing is known of the peduncle itself in this specimen. 

Enoploura meeki Caster, n. sp. Plate 4, figs. 1-3 

This species is known from a single specimen in the U. 5. 
National Museum collection (No. 93346). Although only the proxi- 
mal thecal plates of the calyx are known, and naught of the peduncle, 
the fragment szems clearly to belong to a distinct species. As can 
be seen by the photographs, the lateral adcolumnal plates of the 
carapace are subtrigonal in outline, and the median adcolumnal 
narrows to a remarkable degree toward the peduncle emargination. 
On the plastron, the basal median plates are extremely long and 
narrow, and perhaps the most conspicuous feature of the species is 
the strongly recurved flange of these plates around the peduncle emar- 
gination. Also of a highly characteristic nature are the subangular 
basal angles of the theca, well seen in figure 2. In contrast with 
typical Enoploura popei, where the basal margin fits snugly and 
without an angle to the peduncle, here the base of the calyx is 
produced. ‘The surface of the plates is finely labyrinthine to pustulose. 
The dimensions are essentially those of the holotype of EF. popei, 
insofar as the present fragment will permit comparison. 

Occurrence.—In the Ulrich Collection of the U. S. National 
Museum. The label indicates that the specimen came from the 
Blanchester division of the Waynesville beds, 3 ft. below the Rhyn- 
chotrema dentata Hall horizon at Clarksville, Ohio. A notation on 
the cover of the box in Dr. Ulrich’s handwriting indicates that he 
had spotted this as a distinct species. 

GENERALIZATIONS 

Stratigraphic value—From the little now known of the species 
distribution of Enoploura the genus appears to have evolved with 
sufficient rapidity in Cincinnatian time to give the various species 
significant stratigraphic index value. Unfortunately, the rarity of 
articulated specimens makes them. poor workaday tools; probably 
closer scrutiny of the triturated coquinites of the Upper Ordovician 
would reveal dissociated Enoploura plates. However, many of these 
appear to be specifically identifiable. 

Paleoecology.—\t appears that most of the Enoploura specimens 
so far recovered have come from coquinites and calcarenites. These 
sandy matrix deposits of broken shell fragments, pieces of Bryozoa 
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and echinoderm skeletons probably help to account for the rarity of 
articulated thecae of the local carpoids. The Cincinnatian calcarenites 
are shallow neritic deposits which were sufficiently stirred by surface 
waves and bottom currents to be washed free of mud and most silt- 
size particles. The Pope specimen from the Corryville formation was 
found on the top surface of a calcarenite or coquinite layer which was 
i-2 inches thick. Probably the exceptional preservation of that speci- 
men is attributable to the fact that it is embedded in the silt-size and 
mud-size material immediately overlying the fragmental limestone 
bed. These are quiescent, thinly laminated deposits. Hence the 
specimen came into the sedimentary setting at a time propitious tor 
preservation, whereas most other specimens were broken or disarticu- 
lated by the shifting sands. Probably the occurrence of Wetherby’s 
articulated specimen was of this same siltstone sort. 

Habitus.—Like all the bilateral carpoid echinoderms, Enoploura 

was apparently completely eleutherozoic, though just how it (and 
the other carpoids as well) achieved locomotion is something of a 
mystery. Possibly it did less free crawling than mere direction. shift- 
ing so as to maintain an optimum con-current orientation of its 
mouth. In the absence of any evidence of an external subvective 
system, and with no evident capacity for agility of movement, it seems 
probable that Enoploura (as well as all Mitrata) was a microphage. 
Whether or no it possessed any soft circum-oral appendages is prob- 
lematical ; just as likely is the possibility that it sucked in its provender 
from the bottom currents by a contractile anterior gut, or oesophagus. 

Kirk (1911) and Jaekel (1918) have suggested that the brachia 
or spines of the carpoids served as props for elevating the distal theca 
and ventrally oriented mouth off the sea-floor for more expeditious 
feeding. The peduncle ‘“‘tail’’ is frequently carried aloft, and com- 
monly in a planospiral curl, enrolled toward the distal end of the 
theca. It has a prehensile aspect, so that quite logically it has often 
been suggested that the carpoids pulled themselves along the sea- 
bottom by means of it. Almost certainly it did serve the function of 
a temporary anchor, in the manner of a crinoid cirrus; but how a 
closely, although flexibly, joined series of annuli could achieve any 
contractile function—such as locomotion would require—is not clear. 
Furthermore, the distal tail is often very fragile, and in several 
cenera seems to have been atrophied, as it may have been in Eno- 
ploura. It is too fragile in most genera of Mitrata to have had much 
wriggling locomotor function when the relatively large size of the 
theca is considered. Perhaps the terminal peduncle, where it was of 
any significant size, was held aloft as a kind of rudder to help keep 
the animal properly oriented in the bottom currents. 

The peduncular somites appear to have been connected by 
flexible integument, hence a certain amount of movement between the 
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proximal peduncular rings was possible. The gliding surfaces of 
overlap between these scleritic rings suggests limited, but easy, move- 
ment between them in any direction, but perhaps freest dorso- 
ventrally. The styloid process is deeply inserted in the venter, and 
considerable gliding movement on its inserted, external proximal and 
distal axial surfaces by the adjacent somites appears certain. Appar- 
ently the junction of the peduncle to the calyx at the proximal line 
was integumentary; possibly the large chevron-shaped buttress on the 
plastron interior represents the seat of attachment of peduncular 
muscles to the calyx. The capacious lumen in the proximal part of 
the peduncle suggests large muscles; these in turn strongly suggest 
that the peduncle played a very significant role in the enoplourid 
economy. Chauvel (1941) maintains that he has evidence of two 
ganglia in the adpeduncular corners of the Mitrocystella theca and 
postulates a large nerve mass in the lumen of the proximal peduncle. 
This localization of nerve centers, if Chauvel is correct, may well 
correlate with the zone of maximum muscular activity in the organism. 

The massive proximal peduncle and stylocone of Enoploura 
would appear to be subequal to the whole theca in weight, and may 
well have served as a counterbalance to the latter. Thus in a motile 
benthonic organism temporary stability on the bottom would be 
achieved. The stylocone plate and associated structures would appear 
to have been a ventral anchor which increased the efficiency of the 
peduncle as a counterbalance. The gross development of the styloid 
in Enoploura may have permitted a more stable existence in swifter 
bottom currents than would have been otherwise possible; the broad 
lateral expansions of the process blades would have served excellently 
to keep the organism from swinging sidewise in a stream of water. 
Moreover, the different directions of curvature of the two stylocone 
blades in Enoploura may well have served to keep the carpoid an- 
chored in an oscillatory current setting, such as a tidal reversal on 
shallow bottom. It is well known that such currents existed over the 
crest of the Cincinnati Arch during the Eden and Maysville accumu- 
lation (Bucher, 1919), and many of the calcarenites and coquinites 
still preserve the oscillatory ripple bedding planes within them; more 
often they preserve surface undulations due to destructional rather 
than constructional work of the oscillating currents on the sea-floor 
(megaripples). The anterior blade, with its proximal curvature 
and blunt ploughshare median prominence, would have served as a 
most effective stabilizer in a bottom current proceeding from the 
peduncle toward the brachia; the second blade would have been 
most effective for opposing a counter movement of a current. 

It may be that the styloid served a kind of ratchet function in 
“backward” locomotion when a definite need for a shift of scene was 
indicated. This would be possible only if the theca and peduncle 
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were flexibly united, as they always seem to have been. ‘The proximal 
overhang of the basal angles of most carpoid thecae would have made 
any great lateral movements impossible. On the other hand, the 
median emarginations of the carapace and plastron bespeak consid- 
erable dorso-ventral mobility. The deeper emargination of the 
plastron than of the carapace seems to indicate that the animal 
flexed upward on the peduncle-thecal junction to a greater degree 
than could the theca be raised distally from the same junction. The 
shallowness of the proximal emargination of the carapace may cor- 
relate with the relatively slight amount of distal elevation of the 
theca to be expected from the prop function of the delicate and short 
brachial spines, if they actually functioned thus. 

Following this reasoning, it may have been possible for the 
animal to shift position and even have achieved a kind of hitching 
locomotion along the seafloor by a succession of up-flexings at the 
proximal point of the body. Such locomotion might be visualized as 
embracing these stages: a) with the stylocone anchor set in the sea- 
floor sediments, the proximal point was upflexed, thus giving a slight 
proximad movement of the theca; b) by dorsally recurving the 
distal peduncle toward the theca, the stylocone would be released 
from the sediment, and the proximal line come to lie again flat on 
the bottom, thus completing the axial progression of this hitch; 
c) by relaxation of dorsal peduncle muscle tension, and ventral 
muscle contraction, the ventral stylocone would be once more em- 
placed; probably concomitant with the process emplacement the 
proximal upflexion took place. 

Such inching along the seafloor need not have been any slower or 
more painful than the progression of a terrestrial “measuring worm’’ 
insect larva. In the same beds with the Enopfloura remains, and 
especially abundantly so in the Corryville formation of the Cincinnati 
area, segmented “‘worm trails’ are found of proper proportions to 
have fitted the carpoid body and styloid process. 

~The axial progression of the enoplourid, as for all carpoids, 
seemingly, may have been in part directed toward shifting scene in 
accordance with the shifting of bottom currents, in which the animal 
ted impassively on the fine particles washed over it by the moving 
waters. It is conceivable also that the repeated stylocone emplace- 
ment served a harrowing function, stirring the bottom and releasing 
additional potential food particles for microphagic consumption. 

It is premature as yet to define the direction of axial progress in 
Enoploura, or any other carpoid; there is no general consensus as to 
which was fore and aft in body orientation. Certainly there is a 
great deal of evidence to support the general zoological concept of 
cephalization deriving from the advantage inherent in extra-sensitivity 
acquirement at the buccal, counter-current, end of a motile aquatic 
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creature. Whether the enoplourid (general carpoid) organization 
and habitus have any bearing on the evolutionary history of cephalized 
creatures must yet be ascertained. 

Of course, if Chauvel (1941) is correct in his interpretation of 
the orientation of the alimentary tract in Mitrocystella, then the 
peduncle end of the calyx would be the buccal end, and the nerve 
centers presumably anterior. Under this scheme the carpoid loco- 
motion outlined above would have been in a “forward” direction 
after all. 

In the customary orientation of the Mitrata both mouth and 
anus are located in the tegmenal area, between the brachia; the 
gut is imagined as making a loop as in Pelmatozoic echinoderms. 
Enoploura reveals no opening in the basal theca; nor do most 
carpoids, apparently. Jaekel (1918) accounted for the absence of 
an anal aperture in the Mitrata by suggesting that in adulthood the 
alimentary tract became a blind caecum and that a single aperture in 
the inter-brachial tegmenal area served both subvective and excretory 
function through periodic pulsation of the gut. Enoploura affords no 
answer to the problem; so far no apertures are known, although the 
arcuate tegmenal area is large enough to accommodate a variety of 
ostia. In E. pope it was noted that the second somatic plate is very 
loosely set among the other plastron plates, and that the open sutures 
are irregular and suggestive of openings into the interior of the 
theca. “This may be purely an accidental condition. It seems sound- 
est still to assume that Enoplowra was organized in much the manner 
of the type species of Basslerocystis, according to Kirk’s (1911) plan. 
Such a scheme may well apply to all the brachia-possessing Mitrata. 
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EXPLANATION OF PLATE 1 (5) 

Figure Page 

1-3) Enoploura: popei! Caster; 1. {Spy Peseta d-1ekee oer everietoeore 34 

Three views of holotype. Fig. 1 plastron (concave) view; 
fig. 2, carapace (convex) side; fig. 3 “left” side, plastron 
side down. Line between figs. 1 and 2 represents natural 
median length. Corryville formation (Upper Ordovician: 
Maysville), Stonelick Creek, Clermont Co., Ohio. Univ. 
Cincinnati Mus. No. 25993. 

4=65) Enoploura, popeil Casters mnt Spy 0... cee ae ae eee enero 37 

Three views of paratype, No. 2. Fig. 4 carapace side; 
fig. 5, plastron; fig. 6, lateral view. The line between 
figs. 4 and 5 represents natural median length of the 
fragment. Corryville formation, Tower Lake quarry, near 
Dent, Ohio, outskirts of Cincinnati, Ohio. Univ. Cincinnati 
Mus. No. 25257. 
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EXPLANATION OF PLATE 2 (6) 

Page 

152) = Enoplouta,. cSDe sesctec cine ee a ietenarnele stoleneyher olsen vette el cae ns 30 

Possibly referable to E. crustacea (Haeckel). Fig. 1 shows 
interior view of the plastron and is noteworthy for the 
preservation of the anteriorly converging carinae. Many 
flattened polygonal plates at the anterior end probably 
represent portions of the original tegmen. Fig. 2 is an 
amplification of the anterior region to show the crenula- 
tions on an adtegmenal plate (possibly the ‘‘M” plate). 
Horizon unknown but presumably Upper Richmond, from 
Madison, Indiana. Univ. Cincinnati Mus. No. 25708. 
Line represents median natural length of the calyx. 

3-6) sEnoplouray crustacea, (GHaeckell) (occa keee 

7-9. Enoploura balanoides (Meek) 

Fig. 3-5 are drawings of the Newton specimen illustrated by 
Wetherbyi 1879A, pl. 7, fig. 1d,e,f from the Upper Rich- 
mond subseries, Richmond, Indiana. This is the holotype 
of Haeckel’s (1896) species. Fig. 6 appears to be con- 
specific but was -referred to his species with doubt by 
Haeckel. This is the Patterson specimen, from the Upper 
Richmond, at Oxford, Ohio, which Wetherby (1879A) 
illustrated as fig. rg. Natural size. 

Three views of the type species. This is the Harper speci- 
men and only example known of the species, s.s., and only 
carpoid so far recovered from the type horizon. Illustra- 
tions from Meek, 1873, pl. 6 bis.. fig. 6a-c. From an 
elevation above mean low water of the Ohio River at 
Cincinnati, Ohio (Wetherby 1879), which corresponds to 
the Fairmount formation (Maysville). Natural size. 

10-12. Enoploura wetherbyi Caster, n. Sp. ..............0. 22sec cues 

Three views of the holotype which is Wetherby’s specimen 
from the Upper Ricnamond at Osgood, Indiana. From 
Wetherby (1879A, pl. 7, fig. 1, 1a,b). Natural size. 

36 

32 
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EXPLANATION OF PLATE 3 (7) 

Figure Page 

1-3. Enoploura popei Caster, n. SD. ........... 0c cee cee cee twee 37 

Three views of paratype No. 2. See also Plate 1, fig. 4-6. 
Univ. Cincinnati Mus. No. 25257. 

4-6. Enoploura popei Caster, n. Sp. .......0025.5cerseodoenseres 36 

Three views of paratype, No. 1. From the Corryville for- 
mation on Ravine Street, Cincinnati, Ohio. Collector: 
Joseph Stocker. U. S. Nat. Mus., No. 114798. Length 
indicated by line to right. 
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EXPLANATION OF PLATE 4 (8) 

Figure Page 

1-3. Enoploura meeki Caster, nN. SP. ....-.-....2- eee cee ee eens 39 

Three views of holotype. From the Waynesville formation, 
Clarksville, Ohio. U. S. Nat. Mus., No. 93346. Width 
indicated by line at top of page. 

4-7. Enoploura popei Caster, NM. SD. . 2-020... ce. cece ce rena yeue 38 

Three views of paratype, No. 3. From the Corryville 
formation, Cincinnati, Ohio. U. S. Nat. Mus. No. 
93345. Length indicated by lines at bottom of page. 

8. Enoploura popei Caster, n. Sp. .........-.-. see eee ee eee eee 37 

Peduncular view of paratype, No. 2. See Plates 1 and 3. 
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NEW OSTRACODA FROM THE MIDDLE SILURIAN 

NEWSOM SHALE OF TENNESSEE 

R. W. Morris AnpD B. L. HI 

Washington University, St. Louis, Missouri 

ABSTRACT 

Seven new species of Ostracoda belonging to six genera are described 
from the Middle Silurian Newsom shale of Tennessee. Thlipsuroides, Hemi- 
aechminoides, Newsomites, Spinobairdia, and Pseudocyproides are new genera 
The definition of Daleiella is expanded to include a new species, the first 
known from North America. 

INTRODUCTION 

The Silurian Ostracoda of the Appalachian Province of the 

United States are well known from the work of Ulrich and Bassler 

(1923) and of Swartz (1933). Coryell and Williamson (1936) 

have described a fauna from the Waldron shale of Indiana, and a 

few other papers describing one or two species each have been 

published. With these few exceptions the Silurian Ostracoda of most 

of the United States remain practically a virgin field of study. The 

authors originally planned to describe the entire ostracod fauna of the 

Newsom shale, but it soon became apparent that this would be 

impractical without access to a large number of European publications, 

many of them published in journals which can be consulted in only a 

few of our largest libraries. For this reason only a few of the 

more conspicuous elements of the fauna are described in the present 

paper. It is hoped that circumstances will permit publication of the 

remainder of the fauna at a later date. 

The Newsom shale, as exposed in the vicinity of its type secticn 

at Newsom, Tennessee, is a soft calcareous shale which upon 

weathering soon breaks down into a yellowish clay. It contains an 

abundant fauna of megafossils which is closely related to that of the 

Waldron shale of Indiana. Only a small minority of the megafossils 
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of the two formations are not common to both, and the exceptions are 

usually the rarer species. “To the casual collector the only noticeable 

differences in the faunas are the somewhat greater abundance of 

corals and pelecypods in the Newsom shale and the greater predomin- 

ence of brachiopods in the Western shale. In addition, the rather 

common but inconspicuous Hyolithes newsomensis appears to be 

restricted to the Newsom shale. 

In view of this similarity of the megafossils of the two forma- 

tions, it was with considerable surprise that we found only one 

Waldron ostracod species occurring commonly in the Newsom, 

although extensive search eventually yielded representatives of six 

cthers. The following species described from the Waldron shale 

have been found in the Newsom, but, with the exception of 

“Leperditia’”’ faba, they are extremely rare and are represented in our 

Newsom collections by only one or two specimens: 

Aechminaria robusta Coryell and Williamson 

?Bairdia planoconvexa Coryell and Williamson 

Beyrichia waldronensis Ulrich and Bassler 

Bythocypris? sinuosa Coryell and Williamson 

Euprimitia elongata Coryell and Williamson 

“Leperditia” faba Hall 

Paraechmina indianensis Coryell and Williamson 
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LOCALITY 

All of the Ostracoda described in this paper were taken from 

2 single exposure of the Newsom shale in a small abandoned quarry 

in the side of a hill overlooking Newsom, Tennessee, from the north- 

northwest. The hill lies just west of the road entering Newsom 

from the north and just south of the railroad track, in the south- 

west quadrant of their intersection. 

ILLUSTRATIONS 

All illustrations are camera lucida drawings by the junior author. 

They have been independently checked for accuracy by Mrs. Betty 

Kellett Nadeau and the senior author. 

SYSTEMATIC DESCRIPTIONS 

Family APARCHITIDAE Jones, 1901 

Genus HEMIAECHMINOIDES Morris and Hill, n. gen. 

Type species—Hemiacchminoides monospinus Morris and Hill, 

n. sp. 

Description. — Carapace subovate; hinge line long, straight, 

slightly less than greatest length; right valve overlaps left on all free 

margins; left valve expanded upward and outward dorsally into a 

dorsally flattened expansion which is produced into an upward, out- 

ward, and backward pointing spine; right valve bears neither dorsal 

expansion nor spine. Hingement unknown. 

The left valve of Hemiaechminoides, if found alone, would 

probably be assigned to the genus Aechmina, but the lack of a spine 

on the right valve and the presence of overlap demonstrate a complete 

lack of relationship to that genus. The unornamented right valve 

might easily be confused with Leperditia if found alone, but no other 

described genus is likely to be confused with Hemiaechminoides if 

complete carapaces are available. 

Range.—Miiddle Silurian, known only from the Newsom shale of 

‘Tennessee. 

Aechmina inaequalis Roth (1929) may be related to Hemi- 

aechminoides, although it certainly is not congeneric with the type 
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species. Its more recent assignment to Phanassymetria’ (Warthin, 

1945) may be correct, but the fact that Roth did not include it in 

Phanassymetria when he described the genus, even though 4. inae- 

gualis was described in the same paper, shows that he did not consider 

it typical of Phanassymetria. The present authors have been unable 

to examine the types. “The presence of the large normal pore canals 

ot Phanassymetria would indicate probable affinities with that genus, 

whereas their absence would indicate that it is probably a new genus 

related to Hemiaechminoides. 

Hemiaechminoides menospinus Morris and Hill, n.sp. Plate 2, figs. 2a-c; 
Text fig. 1 h-j 

Description—Carapace subovate in lateral view; hinge line 

straight, about three-quarters greatest length; ventral margin convex; 

ends rounded, meeting hinge line at obtuse cardinal angles; greatest 

length slightly above midheight; greatest height at about middle of 

posterior half; right valve larger than left, overlapping it rather 

evenly on all free edges; overlap is slightly greater at ends; left valve 

expanded dorsally above and beyond hinge line; expansion is produced 

into an upward, outward, and backward pointing spine; base of spine 

is not well defined but grades into convexity of dorsal expansion; 

spine thins rapidly, probably terminating in a thin sharp point in 

specimens where it is well preserved. Lenticular in dorsal view; 

ends narrowly rounded, sides evenly convex. Surface smooth. 

Hingement unknown. 

As seems to be true in most Ostracoda, the posterior “fills out’’ 

during ontogeny; the posterior of young specimens is, therefore, 

narrower than that of adults. In addition there is slight variation 

in the length-height ratio; this seems to be due to individual variation 

1 Since the above was written the senior author has had the opportunity to 
examine topotypes of the type species of Phanassymetria Roth, 1929, and of 
Pachydomella Ulrich, 1891. The two species seem to be congeneric, which 
would make Phanassymetria a subjective junior synonym of Pachydomella. 
Both are thick shelled and possess coarse normal pore canals similar to those 
of Tubulibairdia, from which they differ in the presence of a conspicuous 
dorsal groove. In general outline of lateral and dorsal aspects the two 
species are similar to each other, as well as to the type species of Tubuli- 
bairdia. Apparently both Pachydomella (Phanassymetria) and Tubulibairdia 
belong in the Bairdiidae. The tendency toward development of a dorsal 
groove in the Bairdiidae may be seen in an undescribed species of “Bairdia” 
from the Permian of Texas. (See Kellett, 1943, Permian Ostracodes, Jour. 
Paleont., vol. 17, p. 621). 
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rather than dimorphism, as intermediate stages have been found 

between the extremes. 

Measurements.—Holotype: length, 0.86 mm.; height, 0.55 mm.; 

paratypes: length, 0.94 mm., 0.74 mm., and 0.52 mm.; height, 0.52 

mm., 0.48 mm., and 0.28 mm. 

Repository.—Holotype and figured paratypes: United States 

National Museum, Nos. 123223 and 123224a-c. Unfigured para- 

Ih 

Text figure——r1a-d. Daleiella americana Morris and Hill, n. sp.: a. The 
holotype, a mature individual, b,c. Two paratypes. c is the smallest 
individual found. d. Thin section of an adult individual through the 
approximate position of greatest height. re-g. Newsomites monospinus 
Morris and Hill, n. sp. The holotype (largest specimen) and two 
paratypes showing increase of dorsal inflation and relatively rapid 
development of posterior with increasing age. th-j. Hemiaechminoides 
monospinus Morris and Hill, n. sp. Three paratypes showing ontogeny. 
Note “filling out’ of posterior with increasing age. Varying appear- 
ance of dorsal spines is due to preservation. All figures 38.4. 



10 BULLETIN 142 136 

types: American Museum of Natural History; Paleontological 

Research Institution; Paleontologisk Museum, University of Oslo, 

Oslo, Norway; Senckenberg Museum, Frankfort-am-Main, Germany. 

This species is common at Newsom. 

Family THLIPSURIDAE Ulrich, 1894 

Genus THLIPSUROIDES Morris and Hill, n. gen. 

Type species—Thlipsuroides thlipsuroides Morris and Hill, 

n. sp. 

Description ——Carapace subreniform; left valve narrowly over- 

laps right. Surface of each valve bears two elongate subparallel 

grooves which may be bordered posteriorly by a poorly defined ridge. 

The presence of large pits at bottom of the grooves may also be a 

character of generic importance. Hingement unknown. 

Thlipsuroides resembles the Middle Devonian genus Bairdites 

but differs in having two elongate grooves in place of the large 

posterior depression of that genus. In addition the overlap is much 

less pronounced. 

Range.—Middle Silurian to Lower Devonian, Newsom shale 

of Tennessee and Haragan marl of Oklahoma. An_ undescribed 

species has been noted by the senior author in the Middle Silurian 

Bainbridge formation of Missouri. 

Although Thlipsuroides resembles certain Bairdiidae in shape 

and in the possession of a somewhat pointed posterior, it is believed 

that the ornament more strongly indicates affinity with the Thlipsuri- 

dae. Bairdites, placed in the Bairdiidae by the original authors, may 

be more closely allied with the Thlipsuridae. Until the types can be 

restudied with this possibility in mind it is tentatively left in the 

Bairdiidae. 

Previously described species belonging in Thlipsuroides are 

Thlipsura striatopunctata Roth and Thlipsura parallela Roth, both 

trom the Lower Devonian Haragan marl of Oklahoma. 

Thlipsuroides thlipsuroides Morris and Hill, n. sp. Plate 2, fig. 1 a,b 

Description. — Carapace subreniform; dorsal margin evenly 

rounded; anterior margin narrowly rounded; ventral margin sinuate, 

concave slightly anterior of midlength, convex at ends; central area 

of valves flattened, with surface sloping sharply downward to free 

edges; greatest length well below midheight; greatest height at or 
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somewhat posterior to midlength; left valve larger than right, over- 

iapping it except for part of postdorsal slope; overlap is more pro- 

nounced along anterodorsal slope and in concave portion of ventral 

margin; at posterior left valve projects backward and above narrowly 

rounded right valve, forming a bluntly pointed posterior. Each valve 

is ornamented by two subparallel longitudinal furrows which extend 

along central portion of valve for slightly more than half its length; 

ventral furrow is nearly straight, but shows tendency to curve upward 

at ends; dorsal furrow is convex upward; furrows of irregular depth, 

ceeper pitlike depressions appear at irregular intervals along their 

length; furrows bordered at posterior by a conspicuous but poorly 

defined ridge. In dorsal view sides are flattened, curving evenly 

inward at anterior; at posterior the flattened sides break sharply 

inward at posterior ridge and become slightly concave as they approach 

posterior extremity. Surface smooth. Hingement unknown. 

Measwrements.——Holotype: length, 1.88 mm.; height, 0.95 mm. 

Repository—Holotype: United States National Museum, No. 

123225. Unfigured paratypes: American Museum of Natural Hist- 

cry; Paleontological Research Institution; Paleontologisk Museum, 

University of Oslo, Oslo, Norway; Senckenberg Museum, Frankfort- 

am-Main, Germany. 

Thlipsuroides thlipsuroides ditters from TJ. striatopunctata 

(Roth) in its greater size, its proportionately greater length, and in 

the flatness of its sides. From JT. parallela (Roth) it differs in the 

possession of a more conspicuous posterior ridge and its proportionately 

greater length. ‘The species is rather common. 

Family BAIRDIIDAE Sars, 1887 

Genus SPINOBAIRDIA Morris and Hill, n. gen. 

Type species —Spinobairdia kellettae Morris and Hill, n. sp. 

Description.—Carapace small, elengate, Bairdia-like in side view; 

posterior acuminate; anterior narrowly rounded to acuminate; left 

valve larger than right, overlapping on all free edges; overlap 

strongest at dorsum. A large spine projects outward just behind mid- 

length of each valve. Ventral surface tends to be flattened. 

Range.—Miiddle Silurian, known only from the Newsom shale 

of Tennessee. 

The relationships of Spinobairdia to Bairdia and related genera 
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are not clear. “The shape of the carapace is more like a typical 

Carboniferous Bairdia than are most early Paleozoic species assigned 

to that genus; indeed, if it were not for their possession of a large 

spine on each valve, neither of the two known species of Spinobairdia 

would look out of place in a Carboniferous fauna. 

Spinobairdia kellettae Morris and Hill, n. sp. Plate 1, figs. 2 a-c 

Description —Carapace small, elongate; hinge line straight, 

slightly more than one-third greatest length; dorsal slopes long and 

straight; anterior narrowly rounded; anteroventral margin straight, 

meeting straight ventral margin proper at a rounded obtuse angle; 

ventral margin curves gently upward to bluntly acuminate posterior ; 

ereatest height at about middle of anterior half; greatest length well 

below midheight. Left valve narrowly overlaps right on all free 

margins, most conspicuously, although still narrowly, on ventral! 

margin anterior of midlength, forming a slight ventral lip; left valve 

extends dorsally beyond straight hinge line to give gently convex 

dorsal outline. Somewhat spindlelike in dorsal view; anterior sharply 

pointed, posterior somewhat less so. A conspicuous spine extends 

outward and slightly upward just behind midlength of each valve 

at about midheight; spine circular in section, broadens rapidly at base 

to merge with convexity of valve. Surface smooth. 

Measurements.—Holotype: length, 0.99 mm.; height, 0.44 mm. 

Repository.—Holotype: United States National Museum, No. 

1232206. 

Spinobairdia kellettae is rare at Newsom. 

Spinobairdia shideleri Morris and Hill, n. sp. Plate 1, figs. 3 a,b 

Description.—Carapace small, elongate; hinge line straight or 

nearly so; dorsal margin broadly convex, straightens somewhat as it 

enters the anterior and posterior slopes; ventral margin nearly straight, 

curves upward to the subequal bluntly pointed ends; greatest height 

at about middle of anterior half; greatest length slightly below mid- 

height. Left valve larger than right, overlapping it on all margins; 

overlap conspicuous at dorsum and along postdorsal slope, elsewhere 

less pronounced. In dorsal view valves are evenly convex; anterior 

sharply pointed; posterior somewhat blunter; greatest thickness at 

about midlength. Ventral surface flattened. A conspicuous spine 
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extends outward and backward from each valve, originating slightly 

behind midlength at about midheight. Surface smooth. 

Measurements.—Holotype: length, 0.74 mm.; height, 0.33 mm. 

Repository.—Holotype: United States National Museum, No. 

123227. Unfigured paratypes: American Museum of Natural His- 

tory; Paleontological Research Institution. 

Spinobairdia shideleri differs most conspicuously from 8S. kellettae 

in the definite backward inclination of the spines. In addition the 

udult of S. shideleri is somewhat smaller and the dorsal overlap is 

more pronounced. S. shideleri is rare at Newsom. 

Genus DALEIELLA Boucek, 1937 

Daleiella Bouéek, 1937, Soc. Roy. Bohéme, Mém. for 1936, No. 2, p. 7, fig. 5. 

Type species—Cythere corbuloides Jones and Holl, 1869. 

Boucek’s original diagnosis of Daleiella is as follows: 

Carapace strongly inequivalved; smaller valve rather strongly convex, 
larger typically triangular (in cross section) with a flat middle portion. The 
cirapace, seen from above, is somewhat pointed anteriorly and very thick. 
( Translation.) 

The American species described below seems to be congeneric 

with the type species of Daleiella, although a redefinition of the genus 

is neccessary to accommodate it. The definitely acuminate posterior 

of the new species suggests that Bouéek’s orientation should be 

reversed, making the left valve the larger. Daleiella, as expanded, 

may be described as follows: 

Description.—Carapace strongly inequivalved with left valve the 

larger; subtriangular in section, with broad flattened venter; left 

valve flattened laterally; right valve either flattened laterally or 

convex, may be acuminate posteriorly. Hinge line slightly to strongly 

impressed. Hingement unknown. 

Range.—Middle Silurian, Newsom shale of Tennessee, Wenlock 

of England, and Silurian (e-a) of Bohemia. 

Certain species of Daleiella bear some resemblance to Phanas- 

symetria Roth or Tubulibairdia Swartz, but the American species, 

at least, lacks the thick shell and the coarse normal pores of those 

genera. 

Daleiella americana Morris and Hill, n. sp. Plate 1, figs. 1 a,b: 

Text figs. 1 a-d 

Description.—Carapace tumid; hinge line straight, depreszed, 
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slightly more than one-third length of carapace; dorsal margin convex, 

broadly rounded posteriorly, somewhat truncate anteriorly; anterior 

margin evenly convex; posterior acuminate; greatest height near 

middle of anterior half; greatest length well below midheight; left 

valve much larger than right, overlapping it on all edges; overlap 

strongest at dorsum and at middle of flattened venter, narrower at 

anterior. Posterior of right valve produced into a laterally flattened 

spine which projects beyond the bluntly pointed posterior of larger 

tight valve. Valves strongly tumid ventrally, breaking sharply inward 

so that venter is nearly flat; greatest thickness slightly in front os 

midleneth near venter. Surface smooth. Hingement unknown. 

Measurements—Holotype: length, 1.15 mm.; height, .64 mm.; 

paratypes: lengths, 0.85 mm. and 0.43 mm., heights, 0.53 mm. and 

0.29 mm. 

Repository—Holotype and figured paratypes: United States 

National Museum, Nos. 123228 and 123229 a,b. Unfigured para- 

types (young specimens): American Museum of Natural History, 

Paleontological Research Institution. 

Daleiella americana differs from D. corbuloides and other known 

species of Daleiella in the presence of the posterior spine of the right 

valve and in the central flattening of the right valve. D. americana 

is the only known species of Daleiella from North America. The 

species is not uncommon at Newsom, but most specimens found are 

young individuals. Adults are very rare. 

Genus NEWSOMITES Morris and Hill, n. gen. 

Type species—Newsomites pertumidus Morris and Hill, n. sp. 

Description —Carapace very tumid, with thickness nearly equal 

to length; shell thick; one valve overlaps the other except along 

hinge line; valves strongly inflated, expanded dorsally; hinge line 

short, straight, depressed; posterior margin narrowly rounded; poster- 

ior relatively compressed. In dorsal view posterior is pointed. 

Surface smooth. Hingement unknown. 

This genus was at first oriented with the most strongly inflated 

portion at the venter, as is the case with Brachycythere and other 

similar post-Paleozoic genera, but thin sections have shown the 

presence of hingement proving that the orientation here adopted is 

correct, at least with respect to top and bottom. 
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The extreme tumidity and expanded dorsum distinguish New- 

somites from most other genera. It bears some resemblance to 

Tub:libairdia but lacks the coarse normal pore canals of that genus. 

Range.—Middle Silurian. Known only from the Newsom shale 

of ‘Tennessee. 

Newsomites pertumidus Morris and Hill, n. sp. Plate 2, figs. 3 a-c; 
ext: figs, dl! e-g 

Description.—Carapace small, very tumid; hinge line straight, 

depressed; dorsum strongly inflated, convex; anterior margin evenly 

rounded; ventral margin slightly convex to nearly straight, bends 

upward posteriorly into truncate postventral margin; posterior margin 

narrowly rounded, acute, relatively compressed; left valve usually 

overlaps right on all free margins, but overlap may be reversed; 

greatest length slightly above midheight; greatest height and thickness 

at about midlength. In dorsal! view posterior is pointed, sides strongly 

and rather evenly convex; thickness only slightly less than length. 

Surface is faintly pitted, but this is probably due to weathering. 

Measurements.—Holotype: length, 0.89 mm.; height, 0.62 mm. 

Paratypes: lengths, 0.77 mm. and 0.64 mm.; heights, 0.50 mm. and 

0.48 mm. Paratype with reversed overlap: length, 0.90 mm.; height, 

0.05 mm, 

Repository.—Holotype and figured paratypes: United States 

National Museum, Nos. 123231 and 123232 a-c. Unfigured para- 

types: American Museum of Natural History, Paleontological 

Research Institution; Paleontologisk Museum, University of Oslo, 

Oslo, Norway; Senckenberg Museum, Frankfort-am-Main, Germany. 

Genus PSEUDOCYPROIDES Morris and Hill, n. gen. 

Type species—Pseudocyproides alatus Morris and Hill, n. sp. 

Description.—Carapace small, Bairdia-like in side view; ventral 

surface nearly flat with the edges extending outward to form a thin 

alate expansion which in dorsal view resembles a frame around the 

vaulted carapace; left valve overlaps right in dorsal, anterior, and 

posterior margins. Surface smooth. Hingement unknown. 

Range.—Mliddle Silurian, known only from Newsom shale of 

‘Tennessee. 

In general appearance Pseudocyproides strongly resembles the 

Recent genus Pseudocypris Daday (see Sars, 1924 and 19244), but 
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it differs from that genus in the much smaller size of the adult and 

in the possession of a definite overlap. Pseudocypris is known only 

trom freshwater in Africa, whereas Pseudocyproides occurs in un- 

doubted marine sediments. Pseudocypris, on the incontravertable 

evidence of the soft parts, is assigned to the family Cypridae. Because 

of the overlap and bairdian shape of Pseudocyproides it is here tenta- 

tively placed in the Bairdiidae. It is believed that the strong resem- 

blance of the two genera is a striking example of homeomorphy rather 

than a demonstration of true relationship. The great time interval 

between the occurrences of the two genera seems to strengthen this 

belief. 

Pseudocyproides alatus Morris and Hill, n. sp. Plate 1, figs. 4 a-c 

Description.—Carapace small, Bairdia-like in side view; dorsum 

convex, arched; anterior margin narrowly rounded; posterior sub- 

acuminate; ventral margin sinuate, with anterior extremity extending 

slightly below plane of ventral face; greatest length just above ventral 

margin; greatest height at midlength; left valve larger than right, 

overlapping most conspicuously along dorsal margin, somewhat less 

along anterior and posterior slopes. Venter is flattened, extends 

laterally into alate expansion without break. In dorsal view this 

thin alate expansion may be seen to encompass the posterior three 

quarters of the carapace, resembling a flattened frame around the 

vaulted carapace; widest portion of expansion just posterior of mid- 

length; anteriorly it curves gently inward to merge with the outline 

of the carapace proper at a point about one quarter of the length 

from the anterior extremity; posteriorly it curves backward, roughly 

paralleling outline of carapace, curving inward at posterior extremity. 

Surface smooth. 

Measurements.—Holotype: length, 0.53 mm.; height, 0.25 mm. 

Repository.—Holotype: United States National Museum, No. 

123230. 

P. alatus resembles most species of the living genus Pseudocypris 

but is easily distinguished from them by its much smaller size and its 

possession of overlap. Known species of Pseudocypris display sexuai 

dimorphism, whereas available material of Pseulocyproides shows no 

dimorphism. 

This species is very rare at Newsom. 
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EXPLANATION OF PLATE 1 (9) 

Page 

Daleiella americana Morris and Hill, n.sp .................... 13 

a, b. Dorsal and right valve views of holotype. 

Spinobairdia kellettae Morris and Hill, nsp. ................ 12 

a-c. Dorsal, anterior, and right valve views of holotype. 

Spinobairdia shideleri Morris and Hill, nsp. ................. 12 

a. Right valve view of holotype. b. Dorsal view of holotype 
with spines restored from a paratype. 

Pseudocyproides alatus Morris and Hill, nsp. ................. 16 

a-c. Dorsal, right valve, and anterior views of holotype. 

All figures X45 
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PLATE 2 (10) 
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EXPLANATION OF PLATE 2 (10) 

Figure Page 

1. Thlipsuroides thlipsuroides Morris and Hill, nsp. .......... 10 

a, b. Dorsal and right valve views of holotype. 

2. Hemiaechminoides monospinus Morris and Hill, n.sp. ......... 8 

a-c. Dorsal, posterior, and left valve views of holotype. 

3. Newsomites pertumidus Morris and Hill, nsp. ............... 15 

a-c. Right valve, ventral, and anterior views of holotype. 
d. Left valve view of paratype showing reversal of over- 
lap. 

All figures X40 
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TRINIDAD PALEOCENE AND LOWER EOCENE 

GLOBIGERINIDAE 

P. BRONNIMANN! 

Trinidad Leaseholds Ltd., 

Pointe-a-Pierre, Trinidad, B. W. I. 

INTRODUCTION 

The investigation of ‘Trinidad Globigerinidae (Bronnimann, 

1952) is continued in the present paper by the description of 12 of 

the more prominent Globigerina and of one Globorotalia species. The 

Foraminifera originate from the type locality assemblages of the Paleo- 

cene Soldado and Lizard Springs formations and from the lower 

Eocene Ramdat marl of the Navet formation, as well as from a hetero- 

geneous mudflow fauna encountered in the Kapur Ridge-Stone River 

area, southeastern Trinidad. Some of the pelagic species, excluding the 

Globigerinae, have been reported on by Cushman and Renz (1942, 

1946, 1948), who also supplied data on locality, age, and lithology of 

the type samples. The observation and catalogue numbers mentioned 

in the following refer to samples collected at the type localities mainly 

by H. G. Kugler and H. H. Renz. The mudflow sample Sh. 100, 

T.L.L. Cat. No. 143838, was collected by M. F. Shepherd. The 

figures on Plates 1-3 are Abbé Mirror drawings by the author. 

STRATIGRAPHIC DISTRIBUTION 

The type locality samples were analyzed in detail and the 

following species determined or named as new species: 

1 Now with the Cuban Gulf Oil Company, Habana, Cuba. 
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Globigerina pseudo-bulloides Plummer, i 

Globigerina stainforthi Bronnimann, n. s 

smooth 
species 

Globigerina tareubaensis Bronnimann, n. 

Globigerina triloculinoides Plummer, a ae 

Globigerina turgida Finlay, 1939 

Globigerina collactea (Finlay), 1939 

Globigerina gravelli Bronnimann, n. sp. spinose 

Globigerina primitiva (Finlay), 1947 species 

Globigerina soldadoensis Bronnimann, n. sp. 

Globigerina finlayi Bronnimann, n. sp 

Globigerina hornibrooki Bronnimann, n. sp 

Globigerina linaperta Finlay, 1939 

Globorotalia compressa (Plummer), 1926 

The occurrence of these forms in the type locality samples is 

compiled in Table 1. Samples included by Cushman and Renz (1946, 

p. 7) in the list of type samples of the upper zone of the Lizard 

Springs formation, but now considered of doubtful stratigraphic 

position, as well as the allochthonous sample Sh. 100, from the mud- 

flow in the Kapur Ridge-Stone River area, have been omitted. 

1. The distribution of the Globigerina species confirms the 

biostratigraphic subdivision of the Lizard Springs formation into two 

zones proposed by Cushman and Renz on the different life ranges of 

Rzehakina epigona (Rzehak) var.* lata Cushman and Jarvis, and 

yar. minima Cushman and Renz and other benthonic species. G. 

pseudo-bulloides, G. taroubaensis, G. turgida, and G. collactea occur 

in the upper zone, whereas G. triloculinoides and Globorotalia com- 

pressa appear to be confined to the lower zone of the Lizard Springs 

formation. "The Globigerina distribution furthermore shows that the 

upper zone of the Lizard Springs formation is faunistically closely 

related with that of the lower Eocene Ramdat marl of the Navet 

formation. With the exception of Globigerina, n. sp. (see p. 21 of 

this paper) all the Globigerina species of the Ramdat marl also occur 

“ The original terminology of “var.” is adopted in this paper but the term 
should be replaced by subspecies. See also under species descriptions. 
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Lower zone of Upper zone of oe rica 
lizard Springs formation Lizard Springs formation Soldado formation sm 

Species 

50316} 50505 

Globigerina 
finlayi 
obigerina 
horni brooki 

: oae 

5801} 58454) 
6912 5802} 5847 

50506] 50507 | 50509)50510} 50504 | 50511 ;50512]50514|50515}b,e¢ |7299|11001 9] 48143 | 5803) 5847 59892 

Pe Te ee a 
ee) lea eal ee 

Glo bi gerina 
pseudo- 
bulloides 

Pega | Te | stainfor thi 

taroubsensis 
Globigerina 

triloculi- 
noides 

eee turgida 

eee aa collactea 
Globi gerina 

grave lli 

primitiva 

soldadoensis 
Glo borotalia 

compressa 

Table 1: Occurrence of some Paleocene-Lower Eocene Globigerinas and Globorotalias in the type localities of the 
Lizard Springs formation, Soldado formation, and Ramdat marl, Navyet formation. 

X = Rare O = Common @ = Abundant 
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in the upper zone of the Lizard Springs formation. Despite a possible 

ambiguity in the tectonical interpretation of the type locality one 

must place the upper zone of the Lizard Springs formation between 

the lower zone of the Lizard Springs formation and the Ramdat 

marl. On the other hand, G. finlayi, G. stainforthi, and G. primitiva 

have not been found in the Ramdat marl. 

2. Based on the simultaneous occurrence of the zonal marker 

Globorotalia wilcoxensis var. acuta and Globorotalia crassata var. 

aequa (Bolli, 1950) in the neritic Soldado formation (Vaughan and 

Cole, 1941) and in the deeper water facies of the lower zone of the 

Lizard Springs formation, this lower zone must be considered the 

time equivalent of the Soldado formation. Nevertheless it must be 

pointed out that the Globigerina assemblages of the two facies are 

slightly different. Rare specimens of G. pseudo-bulloides and G. 

collactea, both absent in the lower zone of the Lizard Springs forma- 

tion, have been recorded from the Soldado type locality. Further- 

more, G. finlayi, G. stainforthi, G. triloculinoides, G. gravelli, and 

Globorotalia compressa have been found in the lower zone of the 

Lizard Springs formation but not in the Soldado formation. From 

the distribution of these planktonic forms it could be concluded that 

the type samples of the Soldado formation are stratigraphically higher 

than those of the lower zone of the Lizard Springs formation, but 

they would still be within the zone of Globorotalia wilcoxensis var. 

acuta, 

3. The faunistic break between the Upper Cretaceous Globo- 

truncana mayaroensis zone and the lower ‘Tertiary Globorotalia 

wilcoxensis var. acuta zone is reflected by the stratigraphic distribu- 

tion of the Globigerinidae. Excepting for some very rare and 

reworked specimens, none of the Upper Cretaceous species of the 

Rugoglobigerina - Plummerita (=Plummerella)* group (Bronnimania, 

1952) have been found in the Paleocene Lizard Springs, Chaudiere, 

and Soldado formations and none of the Paleocene Globigerinae here 

described are known from the Maestrichtian formations. It is difhcult 

to find in Trinidad the precursors of the simply structured Paleocene 

Plummerita Bronnimann, Cont. Cushman Found. Foram. Res., vol. III, 
pts. 3, 4, 1952, p. 146 new name for Plummerella Bronnimann, 1952, not 
De Long, 1942. 
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Globigerinae amongst any of the Upper Cretaceous representatives, 

which in ornamentation, apertural and umbilical features are so 

highly differentiated. The only group of Cretaceous Globigerinae 

from which the Paleocene forms could have sprung is represented by 

G. cretacea and allied species. The morphology of the G. cretacea 

group, especially the features of the aperture, is not yet sufficiently 

well known. ‘This, and the fact that Globigerinae of the G. cretacea 

group have not yet been encountered in the post-Globotruncana 

lapparenti zones of the ‘Trinidad Upper Cretaceous, renders this 

possibility of derivation rather speculative. It is of interest to note 

that of all the trochoid Upper Cretaceous Globigerinae only the 

representatives of the G. cretacea group are coiling in both directions 

thus indicating phylogenetic youth. The Rugoglobigerinae invariably 

coil predominately dextrally. The Paleocene Globigerinae on the 

other hand, coil in both directions and are, therefore, not yet speci- 

alized. “The number of available specimens was too small to investi- 

gate this feature statistically, and the preference for dextral or for 

sinistral coiling as observed in G. soldadoensis, G. collactea, and 

G. triloculinoides may be purely accidental. Should this preference 

for one particular direction be confirmed then the earlier evolutionary 

stages of these species characterized by random coiling would have 

to be looked for in pre-Globorotalia wilcoxensis var. acuta and post- 

Globotruncana mayaroensis zones which by the unconformable overlap 

of the Paleocene formations on the Upper Cretaceous are cut out in 

the uplift areas of Trinidad. ‘The fossiliferous Bontour sandstone 

and the Corax glauconite, both of Maestrichtian age, are remnants of 

such Upper Cretaceous formations not yet found in their stratigraphic 

position. 
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SY¥o LEMATIC, DESCRIPTIONS 

Family GLOBIGERINIDAE 

Genus GLOBIGERINA 

Giobigerina soldadoensis Bronnimann, n. sp. Plate 1, figs. 1-9 

The low trochoid test is composed of about two volutions. The 

four-chambered, occasionally five-chambered adult is lobulate in 

typical specimens. ‘The spiral side is centrally more or less elevated, 

the umbilical side is convex. “The umbilicus is large and deep 

showing the arcuate apertures of the later formed chambers. ‘The 

subglobular chambers increase gradually in size. “Vhey are rounded to 

slightly flattened peripherally and distinctly elongate in the direction 

of the axis of the test. At the umbilical side the chambers tend to 

become somewhat pointed. “The end chamber can be smaller than the 

penultimate one or even rudimentary. Except for the indistinct 

sutures of the early ontogenetic stage, those of the spiral side are deep 

and curved in the direction of coiling, or they are oblique giving the 

impression of an overlapping arrangement of the chambers. ‘he 

sutures of the umbilical side are straight throughout. ‘The large 

arcuate apertures of the last formed chambers are provided with 

minute liplike borders. “The walls are perforate and rather thick. 

The surface is covered with irregularly distributed papillae which are 

stronger and more prominent on the early chambers of the adult 

whorl; they are absent or weakly developed near the aperture of 

the end chamber. ‘The species is predominantly coiled sinistrally. 

Holotype.-—Globigerina soldadoensis Bronnimann, n. sp., Plate 1, 
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figures 4-6. Rz. 287; T.L.L., Cat. No. 50506. Coiling: sinistral. 

Dimensions: maximum diameter of test, 0.35 mm.; end chamber, 

radial diameter, 0.125 mm.; tangential diameter, 0.23 mm.; height, 

0.25 mm. 

Remarks.—At first, an attempt was made to differentiate three 

types on account of the number of chambers and_ rudimentary 

chambers, on the degree of peripheral flattening of the chambers, and 

on the general outline of the adult test. It was found, however, that 

this subdivision could not be maintained in a consistent way and, 

theretore, the three types, which are illustrated on Plate 1, figures 1-9, 

were united in the same species. “The greatest diameters of the 

figured specimens are 0.3 mm., 0.35 mm. and 0.425 mm. The radial 

diameter of the end chamber varies from 0.1 mm. to 0.15 mm. and 

the height of the end chamber from 0.25 mm. to 0.32 mm. The 

diameter of the aperture is from 0.05 mm. to 0.1 mm. G. soldadoensis 

differs from Globigerina primitiva (Finlay), 1947 by the ellipsoid- 

lobulate outline, by the obliquely arranged chambers and their rounded 

margins, and by the less pointed umbilical portions of the chambers. 

G. soldadoensis is one of the most characteristic Globigerinae of 

the ‘Trinidad Paleocene. It seems to be related to the spinose Globz- 

gerina decepta Nlartin, 1943 and Globigerina nitida Martin, 1943 

both described from the Eocene Lodo formation of California. The 

comparison of the Trinidad forms with the holotypes of those species 

proved that G. soldadoensis is different from those forms. G. decepta 

Martin (holotype, Stanford University Collection, No. 7399, Lodo 

formation, L.S.J.U. foc. M-74, Sample, No. S-7-119, Lodo Gulch, 

Panoche Quad., Fresno Co., California, Coll. R. T. White) resembles 

G. soldadoensis in the granular surface, but it is clearly separated 

trom G. soldadoensis by the much more pronounced planoconvex test, 

the oppressed chambers with distinct umbilical points, the rather 

rounded outline, the almost closed umbilicus and the small arcuate 

aperture. Globigerina nitida Martin (holotype, Stanford University 

Collection, No. 7400, L.S.J.U. Loc. M-74, Sample, No. 5-7-47, Lodo 

Gulch, Panoche Quad., Fresno Co., California, Coll. R. T. White) 

is afhned to G. decepta. The margin of G. decepta is more rounded 

and the chambers are more oppressed than in G. nitida, otherwise the 

two species are similar and possibly could be synonymous. This, 

however, can only be decided by the investigation of complete assem- 

blages. The holotype of G. nitida is coiled dextrally, that of G. 

decepta sinistrally. Six out of eight topotypes of G. decepta and three 
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out of eight topotypes of G. nitida are coiled to the right. Although 

these Californian forms and G. soldadoensis are separate species, they 

belong to a closely related group 0! Eocene Globigerinas with granu- 

late surface. 

Occurrence-—Both zones ot the Lizard Springs formation, rare 

to abundant; Soldado formation, rare to common; Ramdat marl, 

abundant. 

Glebigerina primitiva (Finlay), 1947 Plate 1, figs. 10-12 

Globoquadrina primitiva Finlay, 1947, New Zealand Jour. Sci. Teed, 
Wellington, vol. 28, No. 5, p. 291, pl. 8, figs. 129-124. 

The low trochoid subquadrate test is composed of about two 

volutions, the last of which is four chambered. ‘The spiral side is 

almost plane to slightly elevated; the umbilical side is convex. ‘The 

chambers gradually increase in size and are flattened peripherally. 

‘They are subangular at the margin and elongate in the direction of 

the axis of the test; the umbilical portions are pointed. “he chambers 

are almost perpendicular to each other and descend in the course 

of growth thus producing an overlapping arrangement. ‘The sutures 

of the final stage are well defined, oblique to curved in the direction 

of coiling at the spiral side, and straight to slightly curved umbilically. 

The umbilicus is deep but rather small showing the large arcuate 

apertures of the end chamber and occasionally also of the penultimate 

chamber. The apertural face is flattened and makes an angle with 

the outer wall of the chamber. ‘The walls are finely perforate. ‘The 

surface is covered with minute papillae which are stronger on the 

umbilical points of the chambers and virtually absent in the neighbor- 

hood of the apertures. “The species is represented by left and right 

hand coiled specimens. 

Holotype—Globoquadrina primitiva Finlay, 1947, New Zealand 

Jour. Sci. Tech., Wellington, vol. 28, p. 291, pl. 8, fig. 133. Loc. 

F. 5179B, North Otago, Hampden Beach Section, upper blue 

micaceous clays, 1 mile N. of Kakaho Creek, New Zealand, lowei 

bortonian, middle Eocene. 

Remarks.—Finlay assigned this spinose species to the genus 

Globoquadrina Finlay, 1947, type species Globorotalia dehiscens 

Chapman, Parr and Collins, 1934, from the Oligocene (Bakombian ) 

at Kackeraboite Creek, Port Philip area, Victoria, Australia. Accord- 

ing to Finlay (p. 290) Globoquadrina ‘“‘combines the open umbilicus, 
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terminal face and apertural flaps of Globotruncana, the angular ven- 

trally pointed chambers of Globorotalia, and the general compact 

shape of Globigerina, and plainly should not be referred to any one 

of these.” It is doubted, however, whether the features of Globoro- 

talia dehiscens really warrant the erection of a new genus differing 

from Globigerina. Vhe aperture of Globoquadrina primitiva is 

clearly that 0: a Globigerina to which genus this species is here 

referred. 

Six out of 10 specimens of G. primitiva are coiled dextrally. 

The maximum diameter of Trinidad specimens ranges from 0.2 mm. 

to 0.375 mm., the average is about 0.3 mm. “The end chamber of a 

specimen with O.3 mm. greatest diameter, measures 0.225 mm. in 

tangential direction and also in height. “Topotypes from Finlay’s 

locality F. 5179B are identical with the Trinidad specimens. The 

greatest diameter of topotypes ranges from 0.2 mm. to 0.3 mm. “The 

end chamber of a specimen with maximum diameter of 0.3 mm. 

measures 0.25 mm. in tangential direction and also in height. Eight 

out of 11 topotypes coil to the left. 

Occurrence-—Both zones of the Lizard Springs formation, 

rare to common; Soldado formation, rare. 

In New Zealand, th's species is recorded from the Danian to 

the middle Eocene. Obscure specimens were found according to 

Finlay in the Upper Cretaceous ( ?Teurian). 

Globigerina gravelli Bronnimenn, n. sp. Plate 1, figs. 16-18 

The large spinose, low trochoid test is composed of about two 

volutions, the final one with five to six oppressed chambers. “The 

cutline is ellipsoid and only slightly lobulate. The spiral side is 

more or less convex. The subcircular umbilicus is large and deep, 

exposing the arcuate apertures of the last formed chambers. The 

chambers are subglobular, flattened peripherally, elongate in direc- 

tion of the axis of the test and somewhat pointed at the umbilical 

side. The sutures are curved in the direction of coiling and well 

marked except those of the early stage. “The large arcuate apertures 

with minute liplike borders open directly into the umbilicus. 

The walls of the early chambers are more coarsely perforate and 

pitted than those of the final chambers. “The surface is covered with 

papillae. Those at the umbilical points are strongly developed. At 
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the apertural faces they are absent or rare. “The species is coiled in 

both directions. 

Flolotype.—Globigerina gravelli Bronnimann, n. sp. Plate 1, 

meures TO-"o, Rz, 287> Tb. 1. Cat. No! 50506. Lower zone 

of Lizard Springs formation, Guayaguayare area, south ‘Trinidad. 

Coiling: dextral. Dimensions: maximum diameter of test, 0.425 

mm., end chamber, radial diameter, 0.125 mm., tangential diameter, 

0.2 mm., height, 0.25 mm. Diameter of umbilicus, 0.125 mm. 

Remarks.—The spinose surface refers this species to the charac- 

teristic group of spinose Globigerinae represented in the ‘Trinidad 

Paleocene by G. soldadoensis, G. primitiva, and G. collactea. It 

differs from these forms by the large size, greater number of the 

closely oppressed chambers in the last whorl, and the large, subcir- 

cular umbilicus. The four to five-chambered G. collactea which 

resembles closely in its general form G. gravelli, is much smaller. 

The species is named for the late D. W. Gravell in recognition of 

his contributions to the knowledge of orbitoidal Foraminifera. 

Occurrence-—Both zones of the Lizard Springs formation, 

rare to common; Ramdat marl, rare. 

Globigerina collactea (Finlay), 1939 Plate 1, figs. 13-15 

Globorotalia collactea Finlay, 1939, Roy. Soc. New Zealand, Trans. Proc., 
vol. 69, p. 37, pl. 29, figs. 164-165. 

The outline of the rather small and low trochoid test is 

ellipsoid and not much lobulate. About 25 volutions composed of 

small, oppressed chambers were counted. The final whorl is four 

to five chambered. The spiral side is elevated across the initial 

portion. The umbilicus is variable in size but as a rule large 

enough to expose the apertures of the three to four later chambers. 

The well-defined sutures are straight to slightly curved in the 

direction of coiling. The oppressed subglobular chambers increase 

gradually in size, the end chamber, however, can be equal to or 

even smaller than the penultimate one. “The chambers are peri- 

pherally flattened, elongate in the direction of the axis of the test 

and pointed umbilically. “The aperture of the end chamber is arcuate 

and leads directly into the umbilicus. A minute liplike border was 

noticed. The walls are perforate and the surface is covered with 

papillae which are stronger on the umbilical points than on the outer 
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chamber walls. The species is coiled in both directions, with prefer- 

ence for the right. 

Holotype-—Globorotalia collactea Finlay, 1931, Roy. Soc. New 

Zealand, Drans. Proc., vol. (69, ‘p: 3277" pla 20; ene. yuo4, Eom 

locality F. 5540, Hampden Beach section, North Otago, New 

Zealand, Heretaungan,*lower Eocene. 

Remarks.—On account of the position of the arcuate apertures, 

which are distinctly umbilical, this small spinose species belongs to 

Globigerina, although the low trochoid spiral and the convex spiral 

side suggest a Globorotalia. ‘The dimensions of the figured specimen 

(Pl. 1, figs. 13-15) are: maximum diameter, 0.275 mm.; end 

chamber, radial diameter, 0.1 mm.; tangential diameter, 0.15 mm., 

and height, 0.15 mm. Coiling: sinistral. The maximum diameter 

of other specimens is from 0.25 mm. to 0.35 mm. with an average of 

about 0.175 mm. ‘Twelve out of 15 specimens coil to the right. 

Vhe Trinidad material agrees with topotypes from New Zealand 

which, like the Trinidad specimens, vary greatly in the development 

of the umbilicus. “The elevation of the spiral side is also rather 

variable. “Che maximum diameter of topotypes ranges from 0.25 mm. 

to 0.3 mm., the average is about 0.275 mm. Nine out of I1 topo- 

types are coiled to the right. 

Occurrence——Upper zone of the Lizard Springs formation, 

common; Soldado formation, rare to common; Ramdat marl, common. 

Globigerina, sp. aff. G. triloculinoides Plummer, 1926 Plate 2, figs. 1-3 

The broad oval outline of the small trochoid test is_ slightly 

lobulate. About two volutions are developed, the last of which is 

four chambered. ‘The spiral side is slightly convex. The umbilicus 

is shallow. “The subglobular, peripherally flattened chambers rapidly 

increase. “Che distinct sutures are curved in the direction of coiling. 

‘The small arcuate aperture is opened into the center of the umbilicus 

and is provided with a prominent lip. The walls are perforate and 

the surface is finely pitted. “The maximum diameter is 0.275 mm., 

the end chamber measures in tangential direction 0.186 mm., in radial 

direction 0.16 mm., and in height 0.175 mm. ‘The diameter of the 

aperture is 0.05 mm. ‘The test is coiled sinistrally. 

The description refers to a single specimen found in_ locality 

Rz. 287, T. L. L., Cat. No. 50506, lower zone of the Lizard Springs 
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tormation. It shows affinities to G. triloculinoides Plummer with 

which it is associated. 

Occurrence.—Lower zone of Lizard Springs formaton, very 

rare. 

Globigerina hornibrooki Bronnimann, n. sp. Plate 2, figs. 4-6 

The medium-sized test is a trochoid spiral of about 24 volutions 

of which the final one is four chambered. The rounded outline is 

weakly lobulate. The subglobular chambers are rapidly increasing 

in size with the exception of the end chamber which is smaller than 

the penultimate one, peripherally flattened, and elongate in the 

direction of the axis of the test. The small umbilicus is deep 

enough to expose the apertures of earlier chambers. The well- 

defined sutures are straight in the end stage but curved in the direc- 

tion of coiling in the early portion of the test. The large arcuate 

aperture is umbilically situated, elongate and provided with a minute 

liplike border. The walls are finely perforate. The surface is 

pitted. The species is coiled to both sides. 

Flolotype-—Globigerina hornibrooki Bronnimann, n. sp., Plate 2, 

meures 4-0  Rz- 287 “1.1. L., (Cat. No. 50506. Tower zone of 

Lizard Springs formation, Guayaguayare area, south ‘Trinidad. 

Coiling: dextral. Dimensions: maximum diameter, 0.28 mm.; end 

chamber, radial diameter, 0.045 mm.; tangential diameter, 0.145 mm.; 

height, 0.175 mm. 

Remarks —G. hornibrooki differs from G. linaperta and G. 

finlayi essentially in the arrangement of the chambers (jin/ayi) and 

in the development of the end chamber (linaperta). In perforation 

and pitting, G. hornibrooki is very similar to these species. The 

greatest diameter ranges from 0.22 mm. to 0.3 mm., the average Is 

‘ about 0.28 mm. Five out of eight specimens are coiled to the right. 

The species is named for N. de B. Hornibrook, Wellington, New 

Zealand. 

Occurrence. Both zones of the Lizard Springs formation, rare 

to abundant; Soldado formation, rare; Ramdat marl, common. 

Globigerina sp. aff. G. hornibrooki Bronnimann, n.sp. Plate 2, figs. 13-15 

The subglobular trochoid test is composed of about 12 chambers 

arranged in 24 volutions. The final volution is four chambered. 

The subglobular chambers increase in size rapidly with the exception 

of the final chamber, which is strongly flattened peripherally and 
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elongate in the direction of the axis of the test. “The end chamber, 

as a rule, is not larger or even smaller than the penultimate one. No 

umbilical points are developed. “The umbilicus is small but deep and 

shows apertures of earlier chambers. “The depressed sutures are 

straight in the end stage but slightly curved in the direction of coiling 

in the early spiral. The large elongate apertures is umbilically 

situated and almost hidden under the overlapping end chamber. ‘The 

apertural face forms an obtuse angle with the outer chamber wall. 

The walls are perforate and thin. ‘The surface is pitted, and no 

papillae have been found at the umbilical side. The species is coiled 

to both sides. 

The figured specimen (Plate 2, figures 13-15) originated from 

locality Rz. 286; T.L.L., Cat. No. 50505, lower zone of Lizard 

Springs formation, Guayaguayare, south Trinidad. Coiling: dextral. 

Dimensions: maximum diameter, 0.35 mm.; end chamber, radial 

diameter, 0.135 mm.; tangential diameter, 0.275 mm.; height, 0.3 mm. 

Remarks.—TVhis rather scarce species differs from the likewise 

tour-chambered Globigerina hornibrooki by the much larger sub- 

globular test, the deep, umbilical aperture, and the strongly flattened 

end chamber. It is possible that transitional forms occur between this 

subglobular type and G. hornibrooki. ‘The maximum diameter of 

additional specimens measures from 0.3 to 0.4 mm., the average lies 

around 0.32 mm. ‘The direction of coiling appears to be undeter- 

mined: three out of six specimens coil to the right. 

Occurrence—Lower zone of Lizard Springs formation, rare. 

Globigerina ‘linaperta Finlay, 1939 Plate 2, figs: 7-9 

Globigerina linaperta Finlay, 1939, Roy. Soc. New Zealand, Trans. Proc., 
Wellington, vol. 69, p. 125, pl. 13, figs. 54-57. 

The low trochoid test with its predominant end chamber is 

composed of about two volutions, the last of which is four chambered. 

‘The spiral side is slightly convex, occasionally plane. ‘The shallow 

umbilicus shows the apertures of the two later formed chambers. 

The subglobular chambers are flattened peripherally occasionally 

somewhat pointed umbilically and elongate in direction of the axis 

of the test. “he chambers are almost at right angles; they increase 

rapidly in size and the end chamber is equal to or even larger than 

the whole preceding spiral. “The straight sutures are well defined, 

with the exception of those of the early stage. ‘The large arcuate 

aperture of the end chamber is directed into the umbilicus and sur- 
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rounded by a minute liplike border. “The walls are perforate and 

the surface is pitted. The early chambers are rather coarsely pitted 

and their umbilical portions are distinctly papillate. The species has 

random coiling. 

Holotyte.—Globigerina linaperta Finlay, 1939, Roy. Soc. New 

Zealand, Trans. Proc., Wellington, vol. 69, p. 125, pl. 13, fig. 56. 

From locality F. 5179A, beach, 1 mile N. Kakaho Creek, Hampden, 

New Zealand. Bortonian, middle Eocene. 

Remarks.—Vhis species was described in a general way by 

Finlay so that a more detailed description is justified. G. linaperta, 

a dominant species of the Trinidad Paleocene, shows considerable 

variability in the pitting of the surface and in the development of 

the end chamber which can be smaller or of equal size or even 

larger than the preceding spiral. “he degree of peripheral flattening 

of the chambers of the final whorl is also rather variable. Associated 

forms, related to G. linaperta in their general appearance and in the 

texture of the surface but with different arrangement of the chambers 

of the final whorl and different development of the end chamber, are 

described in this paper as G. finlayi and G. hornibrooki. The maxi- 

mum diameter of the figured specimen is 0.332 mm., the end chamber 

has a radial diameter of 0.2 mm., a tangential diameter of 0.26 mm. 

and a height of 0.26 mm. ‘The specimen coils to the left. The 

greatest diameter of other Trinidad specimens ranges from 0.25 mm. 

to 0.35 mm. Six out of 10 specimens coil to the left. 

G. linaperta is in the general features related to G. triloculi- 

noides, which, however, can be separated by the fine perforation and 

by the flaring lip covering most of the aperture. Globigerinae closely 

resembling G. linaperta are known from the younger ‘Tertiary of 

Trinidad. ‘The possible relationship of these forms with those from 

the Paleocene is yet to be investigated. 

Topotypes of G. linaperta were compared with the Trinidad 

specimens which completely agree with the latter. The greatest diameter 

of the topotypes varies from 0.275 mm. to 0.427 mm., the average 

is about 0.35 mm. ‘The direction of coiling appears to be undeter- 

mined as 7 out of 13 specimens are coiled sinistrally. 

Occurrence-——Both zones of the Lizard Springs formation, rare 

to abundant; Soldado formation, rare to abundant; Ramdat marl, 

common. 
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Globigerina finlayi Bronnimann, n. sp. Plate 2, figs. 10-12 

This species resembles Globigerina linaperta Finlay from which 

it differs by the arrangement of the chambers. The final whorl is 

composed of only three chambers and the fairly large arcuate aperture 

lies centrally at the intersections of the umbilical sutures. The end 

chamber is situated acréss two preceding chambers, whereas in G. 

linaperta it is situated across three chambers. The umbilicus is 

shallow and in well-preserved specimens exposes also the aperture 

of the penultimate chamber. The species coils in both directions. 

Holotype.—Globigerina finlayi Bronnimann, n. sp., Plate 2, 

figures 10-12. Rz. 287; T.L.0., Cat. No. 50506. Lower zone of 

Lizard Springs formation, (Guayaguayare area, south ‘Trinidad. 

Coiling: dextral. Dimensions: maximum diameter, 0.312 mm.; end 

chamber, radial diameter, 0.15 mm. tangential diameter, 0.24 mm. 

height, 0.245 mm. 

emarks.—TVhis rare and conspicuous species is clearly defined 

by the arrangement of the chambers of the final whorl and by the 

central positon of the aperture. “Two other specimens of locality 

Rz. 287 have a maximum diameter of 0.275 mm. and of 0.3 mm.; 

cne of the specimens is coiled dextrally, the other sinistrally. 

G. finlayi comes close to Globigerina eocaenica Terquem, 1882 

which, however, has the aperture located asymmetrically, at the base 

of the apertural face and to one side of the center of the last 

chamber (Térquem, 1882, pl. 9, fig. 4; Bandy, 1919, p. 120, pl. 23, 

figs. 2a-c). Another three-chambered species similar to G. finiayi 

with a central aperture, but belonging to Globigerinoides, is also 

known trom Oligocene of Trinidad. The species is named for the 

late H. J. Finlay. 

Occurrence.—Both zones of the Lizard Springs formation, rare. 

Globigerina taroubaensis Bronnimann, n. sp. Plate 2, figs. 16-18 

The relatively small subglobular test is characterized by an 

accessory chamber across the umbilicus. The trochoid spiral of 

about two volutions contains four chambers in the last whorl. The 

oppressed subglobular and peripherally somewhat flattened chambers 

increase rapidly in size. The radial sutures are shallow and indistinct 

throughout. “The small umbilicus is almost completely covered by the 
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accessory chamber, the aperture of which is very small. Apertures ot 

earlier chambers are not visible. The walls are coarsely perforate. 

The surface, including that of the accessory chamber, is roughly 

pitted. The species is coiled in both directions. 

Holotype.—Globigerina taroubaensis Bronnimann, n. sp., Plate 

2, figures 16-18. Rz. 413; T. L. L. Cat. No. 59892. Ramdat marl, 

lower Eocene, near San Fernando, south Trinidad. Coiling: dextral. 

Dimensions: maximum diameter, 0.25 mm. 

Remarks.—G. taroubaensis Bronnimann, n. sp. differs by the 

small subglobular test with roughly pitted surface and by the 

ielatively large accessory chamber across the umbilicus from all other 

nonspinose Globigerinae described in this paper. It can easily be 

distinguished from the lobulate and highly trochoid G. turgida which 

also carries an accessory chamber. “The maximum diameter ranges 

from 0.22 mm. to 0.28 mm., average about 0.25 mm. Six out of 12 

specimens are coiled to the right. “lhe species is named after the 

‘Varouba River near San Fernando, Trinidad. 

Occurrence.-—Upper zone of Lizard Springs formation, rare to 

common; Ramdat marl, common. 

Globigerina turgida Finlay, 1939 Plate 3, figs. 1-3 

Globigerina linaperta var. turgida Finlay, 1939, Roy. Soc. New Zealand, 
Trans. Proc., vol. 69, p. 125 (no figures). 

The large lobulate test is a high trochoid spiral of about two 

volutions, the last of which is composed of four chambers. ‘The 

subglobular chambers increase rapidly in size. They are peripherially 

slightly flattened and separated by deep and straight sutures. In 

about half of the investigated specimens, a small subglobular chamber 

is added across the umbilicus. This accessory chamber, with its 

smooth surface and minute perforations, is situated perpendicularly 

to the much larger end chamber of the final whorl. ‘The large 

arcuate aperture of the accessory chamber is surrounded by a broad 

liplike border. “The walls of the normal chambers appear to be 

thick, and compared with the accessory chamber, coarsely perforate. 

The surface is pitted and no spines are developed. ‘he species is 

coiled to both sides. 

Holotype.-—Globigerina linaperta Finlay var. turgida Finlay, 

1939. Locality F. 3310, Pahi marl, upper Bortonian, New Zealand, 

Remarks.—G. turgida from the middle Eocene Bortonian of 
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New Zealand, was introduced as a variety! of G. linaperta. G. 

turgida, however, differs from G. linaperta in the arrangement of 

the chambers to such an extent, that it has to be considered as a dis- 

tinct new species. In addition G. turgida in the adult develops a 

small accessory chamber across the umbilicus which has never been 

seen in G. linaperta. A similar form has been described by Glaessner 

(1937, p. 29, pl. 1, figs. 1a,b) as G. bulloides d’Orbigny var. 

cryptomphala Glaessner, from the upper middle Eocene (rare) and 

the upper Eocene (abundant) of the northern Caucasus, Russia. It 

differs from the Trinidad and New Zealand species by the more 

lobulate test and by the deviating arrangement of the accessory 

chamber which is formed over the aperture of the end chamber, 7.c. 

parallel and not perpendicular to the end chamber. Glaessner’s form 

is probably a new species and not a variety of G. bulloides. Bandy 

(1940, p. 119, pl. 22, figs. 2a-c) figured as G. dissimilis Cushman 

and Bermudez from the Jackson Eocene of Alabama, a species which 

could be synonymous with Glaessner’s G. cryptomphala. It differs 

trom the typically Oligocene G. dissimilis which has a_bridgelike 

accessory chamber with two openings across the umbilicus.  G. 

cuachitaensis Howe and Wallace var. senilis Bandy (p. 121, pl. 22, 

figs. 5a-c), from the Jackson Eocene of Alabama, appears to be 

closely related to the species reported by Bandy as G. dissimilis and 

most probably represents the stage without accessory chamber. ‘The 

relationship between the forms described by Bandy and Glaessner’s 

G. cryptomphala should be investigated by means of study of the 

original material. 

The greatest diameter of the figured specimen (Plate 3, figures 

1-3) is 0.475 mm.; the end chamber measuring in tangential 

direction, 0.175 mm, and in radial direction, 0.15 mm. ‘The species 

coils dextrally. ‘The greatest diameter of additional Trinidad speci- 

mens measures from 0.35 to 0.53 mm., the average is around 0.47 

mm. ‘Topotypes from Finlay’s locality F. 3310, marl, 1 mile NW. of 

Pahi, Paparoa, Matakohe S. D., North Auckland, New Zealand, 

middle Eocene Pahi marl, Bortonian, are identical with the Trinidad 

specimens. [he maximum diameter of the topotypes varies from 

! Variety in this paper has been used in the original terminology but 
the term ‘variety’ should be replaced by subspecies. See also footnote 2. 
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0.45 mm. to 0.58 mm., with an average of about 0.5 mm. Eight 

out of 15 topotypes are coiled dextrally. 

Occurrence.—Ramdat marl, common; upper zone of Lizard 

Springs formation, rare. 

Globigerina, n. sp. Plate 3, figs. 4-6 

The highly trochoid test is composed of 24 to 3 volutions, the 

last of which is five chambered. ‘The outline is subcircular, lobulate. 

The subglobular chambers increase gradually in size and the dimen- 

sions of those of the final whorl do not differ much from each other. 

The umbilicus is filled with matrix. The aperture is not known. 

‘The indistinct sutures are straight in the adult stage, those of the 

early whorls curved in direction of coiling. ‘The initial portion is 

similar to that of G. pseudo-bulloides. "The walls are finely perfor- 

ate. The surface is smooth. “Iwo specimens coil to the left. 

Kemarks.—Only two specimens were encountered, the larger 

of which is illustrated on Plate 3, figures 4-6. They differ from 

all other Paleocene - lower Eocene Globigerinae, and it was not 

possible to refer them to any of the known species recorded in the 

Catalogue of Foraminifera. “They probably belong to a new species, 

the available material, however, is inadequate to establish a new 

species. “The maximum diameter of the figured specimen is 0.45 mm. 

and the height, 0.425 mm. 

Occurrence.-—Ramdat marl, very rare. 

Globigerina pseudo-bulloides Plummer, 1926 Plate 3, figs. 7-$ 

Globigerina pseudo-bulloides Plummer, 1926, Univ. Texas, Bull., No. 2644, 
Pp. 133-134, pl. 8, figs. 9a-c; Plummer, 1937, Pub. Lab. Pal., Univ. 
Moscow, Prob. Pal., vols. 2-3, pl. 4, figs. 31a-c; Plummer, 1942, 
Cushman Lab. Foram. Research, Contr., vol. 18, pl. 8, figs. 3, 4. 

The outline of the five, rarely six-chambered adult is lobulate. 

The spiral side of the trochoid test is either elevated in the center, 

showing the small initial spire composed of minute chambers, or it 

is almost plane, rarely depressed. “The umbilicus is rather small. 

The subglobular chambers increase rapidly in size as added. In 

apertural view they are rather high and peripherally flattened. “The 

sutures of the adult stage are deep and straight, those of the early 

chambers distinctly curved. "The small arcuate aperture of the end 

chamber opens into the umbilicus and is bordered by a lip which 

varies considerably in width from specimen to specimen. ‘The walls 
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are perforate. “The surface is pitted and the umbilical portions of 

the early chambers of the adult whorl are covered with minute 

papillae. Left and right hand coiled specimens were observed. 

Holotype.-—Globigerina pseudo-bulloides Plummer, 1926, Uni- 

versity of Texas, Bull., No. 2644, pl. 8, fig. 9a. Plummer figured 

(1926, pl. 8) three different specimens, and the first specimen is 

taken to represent the dorsal view of the holotype. From Station 23, 

shallow ditch at road corner southeast of new Corsicana reservoir, 

on the road to Mildred, Texas, upper Midway. 

Remarks.—G.  pseudo-bulloides is a characteristic and weil- 

defined species with relatively constant features of the upper zone 

of the Lizard Springs formation and of the Ramdat marl.  Six- 

chambered specimens were rare in Plummer’s material (p. 133) and 

in the ‘Trinidad assemblages. The greatest diameter ranges from 

0.2 mm. to 0.4 mm. that of the specimens from the Midway forma- 

tion goes up to 0.4 mm. ‘Twenty-eight out of 44 specimens coil to 

the right. Three specimens from the Naheola formation, U.S.G. 5%. 

locality, No. 5647, measure 0.275 mm., 0.3 mm., and 0.325 mm. 

The two larger specimens are typical for the species, with thin and 

transparent walls, broader liplike borders and slightly less elevated 

spiral side than the average ‘Trinidad specimens; they coil to the 

left. The smaller specimen is not typical, almost plane, less lobulate, 

and coils to the right. The comparison of G. pseudo-bulloides with 

G. cretacea d’Orbigny from the Upper Cretaceous of Trinidad shows 

that the two species are in number, arrangement and size of chambers 

in the adult, and also in the greatest diameter of the test (maximum 

diameter of four specimens 0.325 mm. to 0.4 mm) similar. The 

multiple apertures mentioned by Plummer (1926, p. 133) as diag- 

nostic for G. cretacea may also be found in G. pseudo-bulloides and 

in all Globigerinas with large umbilicus. Where the umbilicus is 

small or virtually closed, only the aperture of the end chamber is 

visible, but where the umbilicus is large, the apertures of two or 

three or more of the later formed chambers can be seen. It appears 

that apart from stratigraphic differences, certain morphologic differ- 

ences exist between G. pseudo-bulloides and G. cretacea. “The sutures 

of G. cretacea are always straight and radial whereas those of G. 

pseudo-bulloides are distinctly curved to oblique in the early ontogen- 

etic stage. Further, the spiral side of G. cretacea is, as a rule, more 
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or less plane or even depressed across the initial portion, the early 

chambers are larger and the surface of the chambers is, perhaps with 

the exception of the end chamber, provided with well-spaced minute 

pustules. These differences between G. pseudo-bulloides and G. 

cretacea are small and often difficult to ascertain. It is of interest to 

note that left and right hand coiled specimens occur in both species. 

Occurrence.—Soldado formation, rare; upper zone of the Lizard 

Springs formation, common to abundant; Ramdat marl, abundant. 

The quantitative differences in the distribution of this species 

are striking and appear to be useful for the biostratigraphic subdivision 

of the Paleocene deposits. 

Globigerina stainforthi Bronnimann, n. sp. Plate 3, figs. 10-12 

The medium-sized trochoid test of about two volutions is 

lobulate in its general outline. The last volution is invariably com- 

posed of four chambers. The spiral side is elevated and the central 

spire clearly shows the trochoid arrangement of the minute early 

chambers. The small umbilicus is shallow. ‘The subglobular cham- 

bers increase gradually in size. “The end chamber, however, is equal 

to or smaller than the penultimate one. ‘The arcuate aperture with 

its large liplike border is opening into the umbilicus. “The well- 

defined sutures are oblique in the early and straight in the final stage. 

‘The walls are finely perforate. The surface is pitted, more coarsely 

on the early than on the final chambers. ‘The species is coiled to the 

right and to the left. 

Holotype-—Globigerina stainforthi Bronnimann, n. sp., Sh. 100, 

30 feet augerhole, T.L.L. Cat. No. 143838, Kapur Stone area, 

Guayaguayare, south ‘Trinidad. Coiling: sinistral. Dimensions: 

maximum diameter, 0.287 mm.; end chamber, radial diameter, 0.125 

mm.; tangential diameter, 0.175 mm. 

Remarks.—The elevated spiral side and the arrangement of the 

sutures brings this species in relationship to G. pseudo-bulloides from 

which it differs by the four adult subglobular chambers and the large 

arcuate aperture with broad liplike border. “Che maximum diameter 

ranges from 0.15 mm. to 0.3 mm., the average is about 0.175 mm. 

Eight out of 14 specimens are coiled to the right. “The species 1s 

named after R. M. Stainforth for his contributions to the micro- 

paleontology of Trinidad. 
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Occurrence.—Both zones of the Lizard Springs formation, rare. 

Sh. 100, 30 feet augerhole, T. L. L., Cat. No. 143838, Kapur Stone 

area, (guayaguayare, south Trinidad. 

Globigerina triloculinoides Plummer, 1926 Plate 3, figs. 13-18 

Globigerina triloculinoides Plummer, 1926, Univ. Texas, Bull., No. 2644, 
Pp. 134-135, pl. 8, figs. roa-c; Plummer, 1937, Pub. Lab. Pal. Moscow 
University, Prob. Pal., vols. 2-3, pl. 4, figs. 33 a-b; Plummer, 1942, 
Cushman Lab. Foram. Research, Contr., vol. 18, p. 43, pl. 8, figs. 1,2. 
(See further references in Plummer, 1942.) 

The trochoid test is composed of 13 to 2 volutions, the last of 

which contains four subglobular chambers. The chambers increase 

rapidly in size and the last one almost equals in size the whole 

preceding spiral. ‘The spiral side is plane to slightly depressed across 

the initial portion. “The umbilicus is shallow. The straight sutures 

are well marked; those of the spiral side are almost at right angles. 

‘The arcuate aperture with its more or less prominent lip is opening 

into the umbilicus. The thin walls are perforate. The surface is 

pitted, early chambers rather coarsely, and small papillae occur on 

the umbilical portions of the inner chambers of the last whorl. The 

species is coiled in both directions, with preference to dextral coiling. 

FHlolotype-—Globigerina triloculinoides Plummer, 1926, Univer- 

sity of Texas, Bull. No. 2644, pl. 8, fig. 10a (spiral side of type) ; 

from Station 23, shallow ditch at road corner southeast of new 

Corsicana reservoir on the road to Mildred, Texas, upper Midway. 

Remarks.—The ‘Trinidad specimens agree with Plummer’s des- 

cription and figures of G. triloculinoides (Plummer, 1926, pl. 8, 

figs. 10a,b). The maximum diameter of the investigated specimens 

ranges from about 0.125 mm. to 0.37 mm. Plummer noted 0.35 mm. 

usually less, for the greatest diameter. The development of the 

protruding lip appears to be variable. Sixteen out of 21 specimens 

coil dextrally. Three specimens of G. triloculinoides from U.S.G.S., 

locality No. 5647, Naheola formation, Midway, upper fossiliferous 

horizon, greensand bed, Naheola Landing on ‘TYombigbee River, 

Choctaw Co., Alabama, were compared with the specimens from 

Trinidad. ‘The Naheola specimens have a greatest diameter of 0.262 

mm., 0.275 mm. and 0.287 mm. and delicate and transparent walls. 

Arrangement and size of chambers, umbilicus and apertural features 

are identical with those observed in the Trinidad material. It is 
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not quite clear why this species was named ftriloculinoides as the final 

whorl is invariably composed of four chambers. 

Occurrence.—Lower zone of Lizard Springs formation, rare to 

common. Upper zone of Lizard Springs formation, doubtful speci- 

mens only. Sh. 100, 30 feet augerhole, T. L. L. Cat. No. 143838. 

Kapur Stone area, Guayaguayare, south Trinidad. 

Family GLOBOROTALIIDAE 

Genus GLOBOROTALIA 

Globorotalia compressa (Plummer), 1926 Plate 2, figs. 19-24 

Globigerina compressa Plummer, 1926, Univ. Texas, Bull., No. 2644, pp. 
135-136, pl. 8, fivs. r1a-c; Plummer, 1937, Pub. Lab. Pal., Moscow Univ, 
Prob. Pal., vols. 2-3, pl. 4, figs. 32a-c; Plummer, 1942, Cushman Lab. 
Foram. Research, Contr:, vol. 18, p. 44, pl. 8, figs. 5, 6. 

(For further references see Plummer, 1942.) 

The axially compressed trochoid test has a_ broad ellipsoid, 

lobulate outline. The final volution is composed of five, occasionally 

of six chambers. ‘The spiral side is slightly depressed. “Che umbilicus 

is small, rather shallow, but distinct. “The chambers increase gradu- 

ally in size; they are axially compressed and the peripheral margin 

is bluntly angular. “The chambers are overlapping at the spiral side. 

The well-defined sutures are curved in the direction of coiling at the 

spiral side, and more or less straight umbilically. The aperture is 

distinctly interiomarginal, extending from the umbilicus toward the 

periphery of the test. The aperture and part of the umbilicus are 

covered by a flaring lip. The walls are thin and extremely finely 

perforate. “The surface is smooth. The species coils in both directions, 

apparently with slight preference for the left side. 

Holotype-—Globigerina compressa Plummer, 1926, Univ. Texas 

Bull., No. 2644, pl. 8, fig. 11a. (Although the holotype is not 

especially designated it has to be inferred from the explanation on 

p. 184, that figure I1a is the dorsal view of the holotype) ; from 

Station 23 (p. 135), 24 in explanation to plate 8; Station 23 is 

probably correct as Plummer remarks (p. 50) that “‘this has been 

chosen as the type locality for a number of new forms.” Shallow 

ditch at road corner southeast of new Corsicana reservoir on the road 

to Mildred, Texas, upper Midway. 

Remarks.—Cushman (1942, p. 44) observed that Globigerina 

compressa from the Naheola formation should possibly be placed 
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under Globorotalia. “Vhe compressed test and the obtusely angular 

chambers are suggestive that this species could be a Globorotalia 

to which genus it is here assigned on account of the interiomarginal 

aperture as typically developed in Globorotalia menardii and related 

forms. The Trinidad specimens agree with those described by Plum- 

mer from the Midway of Texas, and with a specimen from U.S.G.S. 

locality 5647, Naheola formation. “The maximum diameter of the 

figured specimens from Trinidad is 0.212 mm. and 0.231 mm. The 

Naheola specimen, which coils to the left, has a greatest diameter 

of 0.25 mm. and Plummer records an average of 0.3 mm. and an 

upper extreme of 0.4 mm. for the Midway material. 

Occurrence.—Lower zone of Lizard Springs formation, rare. 

Sh. 100, 30 feet augerhole, T. L. L. Cat. No. 143838, Kapur Stone 

area, Guayaguayare, south Trinidad. 
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* 

EXPLANATION OF PLATE 1 (11) 

Figures Page 

1-9. Globigerina soldadoensis Bronnimann, n. Sp. ..............-- 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 
formation, south Trinidad. MHolotypes, figures 4-6. 

10-12. Globigerina primitiva (Finlay) 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 
formation, south Trinidad. 

13-15. Globigerina collactea (Finlay) © (0 60:16 (0 0 040)» 0) 6 (0, 016 © 0..0))0) © \0)[e 6)\6/\e (e \o)(e lela te 

Rz. 413; T.L.L., Cat. No. 59892. Ramdat marl, type locality, 
near San Fernando, south Trinidad. 

16-18. Globigerina gravelli Bronnimann, n. sp. e109 (0: 00:10, ple) @. @. 8) see: © seve 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 
formation, south Trinidad. Holotype. 

All appr. 144 
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Figures 

1-3. 

4-6. 

10-12. 

13-15. 

16-18. 

19-24. 
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EXPLANATION OF PLATE 2 (12) 

Globigerina sp. aff. G. triloculinoides Plummer .............. 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 

formation, south Trinidad. 

Globigerina hornibrooki Bronnimann, Nn. Sp. ..............-.-- 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 

formation, south Trinidad. Holotype. 

Globigerina linaperta Finlay ....................2cseeecceeees 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 
formation, south Trinidad. 

Globigerina finlayi Bronnimann, Nn. Sp. ..............-.2.e000-- 

Rz. 287; T.L.L., Cat. No. 50506. Lower zone of Lizard Springs 
formation, south Trinidad. Holotype. 

Globigerina sp. aff. G. hornibrooki Bronnimann, n. sp. ...... 

Rz. 286; T.L.L., Cat. No. 50505. Lower zone of Lizard Springs 

formation, south Trinidad. 

Globigerina taroubaensis Bronnimann, Nn. Sp. ..............-- 

Rz. 413; T.L.L., Cat. No. 59892. Ramdat marl, type locality, 
riear San Fernando, south Trinidad. Holotype. 

Globorotalia compressa Plummer .................eeeeeeeeees 

Sh. 100, 30 feet augerhole; T.L.L., Cat. No. 143838. Kapur 
Stone area, south Trinidad. 

All appr. 144 
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Figures 

1-3. 

4-6. 
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10-12. 

13-18. 
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* 

EXPLANATION OF PLATE 3 (13) 

Globirerina) ‘turgida, Finlay) 2224S ocec oe con ee eer 

Rz. 413; T.L.L., Cat. No. 59892. Ramdat marl, type locality, 
near San Fernando, south Trinidad. 

Globigerina,; 1: (SD) .62-0 je hone atime Sere ie Oe ener reer 

Rz. 413; T.L.L., Cat. No. 59892. Ramdat marl, type locality, 

near San Fernando, south Trinidad. 

Globigerina pseudo-bulloides Plummer ........................ 

Rz. 281; T.L.L., Cat. No. 50314. Upper zone of Lizard Springs 
formation, south Trinidad. 

Globigerina stainforthi Bronnimann, n. sp. .................. 

Sh. 100, 30 feet augerhole; T.L.L., Cat. No. 143838. Kapur 
Stone area, south Trinidad. Holotype. 

Giobigerina triloculinoides Plummer .......................::: 

Sh. 100, 30 feet augerhole; T.L.L., Cat. No. 143838. Kapur 
Stone area, south Trinidad. 

All appr. 144 
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ORDOVICIAN AND SILURIAN CEPHALOPODS FROM 

TASMANIA, AUSTRALIA 

CurtT TEICHERT AND BRIAN F. GLENISTER 

University of Melbourne 

ABSTRACT 

Considerable collections of new or inadequately known early Paleozoic 
nautiloids from various localities in Tasmania are described. It is concluded 
that these faunas range in age from Upper Canadian to Lower or possibly 
Middle Silurian (Niagaran). New genera described as Allocotoceras, 
Mysterioceras, Gordonoceras and Stromatoceras and new species of Nybyo- 
ceras, Orthonybyoceras, Ormoceras, Anaspyroceras, Ephippiorthoceras, Beloito- 
ceras, Hecatoceras, Trocholitoceras and Gasconsoceras are included. 

INTRODUCTION 

Although the presence of early Paleozoic cephalopeds in Tas- 

mania has been known since 1862, no species were described and 

named until 1947 when one of us (C. T.) described a small fauna 

of piloceroids and endoceroids from Adamsfield (Teichert, 1947). 

Interest in Tasmanian cephalopods was further stimulated when one 

of us (C. T.) attended the Tasmanian meeting of the Australian and 

New Zealand Association for the Advancement of Science in Janu- 

ary, 1949. A number of important Ordovician sections were inspected 

under the leadership of Mr. M. R. Banks. On this occasion some 

important collections were made, particularly from the Smelter’s 

Quarry, near Zeehan in western Tasmania. In addition many 

interesting specimens were obtained on loan from the Queen Victoria 

Museum, Launceston; from the Department of Geology, University 

of Tasmania, Hobart; and from the Tasmanian Museum, Hobart. 

We are greatly indebted to Messrs. N. J. B. Plomley, Bruce Ellis, 

M. R. Banks, Dr. J. Pearson and to Professor S$. W. Carey for 

making this unique material available to us for study. 

PREVIOUS RECORD OF ORDOVICIAN AND SILURIAN 

CEPHALOPODS FROM TASMANIA 

Gould (1862) was the first to notice the occurrence of cephalo- 

pods (‘“Orthoceratites”’ and “Lituites’) in limestone from the lower 

twenty miles of the Gordon River, Macquarie Harbour, western 
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Tasmania. Their exact localities are unknown. He again referred 

to them in 1866. However, these and other early collections were 

ill-fated and were never described. Specimens were sent to Salter 

in England. He gave a number of manuscript names which were 

published by Bigsby (1868), republished by Etheridge (1878), and 

again by Johnston in 1888. The species named were Lituites 

Gouldti, Orthoceras antilope, O. theca, O. Murchisoni, and O. 

Youngii, but none of these have ever been described and the names 

remain nomina nuda, Johnston (1888, pl. IV) figured four specimens 

of “Orthoceras sp. indet.” and one of “Phragmoceras sp. indet., 

allied: to P. compressum (Sow.),” all of which most probably came 

from rocks of lower Silurian age, although no accurate localities 

were given. Some of Johnston’s specimens are refigured and described 

in the present paper. 

In 1909, “Twelvetrees reported the presence of ‘numerous 
) 

specimens of dctinoceras” from Railton in northern Tasmania, and 

later welvetrees and Ward (1910, p. 41) added some cephalopods 

from Zeehan in western ‘Tasmania to the list under the names 

“Orthoceras sp. ind.” and “‘Actinoceras sp. ind.’ ‘The fossils from 

Railton were again referred to by A. M. Reid in 1924 (pp. 25-26) 

who quoted F. Chapman’s identification of them as dActinoceras 

cf. tater Ethridge and Trochoceras sp. (?). This suggested cor- 

relation with the Larapintine formation of central Australia, of 

known Ordovician age, but as will be shown below, the evidence 

was not correctly interpreted. Finally, another locality for Ordovi- 

cian cephalopods was put on record by Thomas (1945) who observed 

them in marly sandstones underlying limestone beds at Adamsfield in 

southcentral Tasmania. 

Up to this time no Tasmanian cephalopod had been accurately 

described and correctly named. In 1947, Teichert described a small 

fauna of piloceratids and endoceratids from the marly sandstones at 

Adamsfield, proving their early Ordovician (Upper Canadian) age. 

In a recent paper (1952) the present authors gave a summary report 

on Tasmanian nautiloids, describing two new genera under the names 

of Hecatoceras longinquum and Tasmanoceras zeehanense. “Two 

species of Nybyoceras and one of Ormoceras were recorded from the 

limestone at Railton, Anaspyroceras was recorded from Zeehan and 

Beloitoceras from Queenstown. 
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The present paper contains descriptions of a number of fossils 

whose exact localities are unknown. ‘The authors have described them 

because frequent reference has been made to them in earlier publica- 

tions, and some are of considerable taxonomic value. Specimens 

whose exact localities are unknown are: the hypotypes of Jasmano- 

ceras zeehanense and Anaspyroceras, sp. and the holotypes of Stro- 

matoceras eximium, Gordonoceras bondi, Ephippiorthoceras decorum 

and Gasconsoceras insperatum. 

LOWER PALEOZOIC ROCKS OF TASMANIA 

AND THEIR CEPHALOPOD FAUNAS 

As recently as 1938, an official publication on the geology of 

Tasmania (Nye and Blake, 1938) listed only two records of 

Ordovician fossils, one of which was later proved to be incorrect 

(Thomas, 1948). The literature on the Lower Paleozoic formations 

cf Tasmania prior to about 1940 is not without interest because it 

demonstrates a series of attempts to do stratigraphy ‘without William 

Smith.” Fossils were either overlooked or, if found, generally 

incorrectly identified. This story has been told by Thomas (1948) 

to whose paper the reader can be referred. 

Since about 1940 there has been an increasing realization of 

the widespread occurrence of Ordovician rocks in Tasmania and ot 

the importance of the limestone facies in this period (see Lewis, 1940; 

Kobayashi, 1940b; Hill, 1942, 1943; Hill and Edwards, 1941; 

Teichert, 1947, and Brown, 1948). A summary of some of these 

modern developments was presented by Hills and Carey (1949) who 

listed 16 separate occurrences of fossiliferous Ordovician limestone. 

More recently further additions to the knowledge of the Ordovician 

rocks of Tasmania have been made by members of the Geology 

Department of the University of Tasmania. Hills and Carey applied 

the name Gordon River limestone to all Ordovician limestones of 

‘Tasmania—and to some that might be of early Silurian age. 

Recently one of us (B.F.G.) spent four weeks inspecting the 

Lower and Middle Paleozoic sections of Bubbs Hill, Queenstown, the 

lower Gordon River, Adamsfield, Rasselas Valley, Florentine Valley, 

Maydena and Ida Bay under the guidance of Professor S. W. Carey 

(to whom grateful acknowledgment is hereby made). Field observa- 

tions indicate that the limestones which outcrop in these areas belong 
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to the one formation, namely the Gordon limestone, and it would 

seem reasonable to assume that the limestones of Zeehan and Railton 

also belong here. Many of the areas mentioned above are joined by 

a continuous outcrop of the Gordon limestone despite tectonic 

disturbance and the fact that the limestone is readily soluble and 

thus tends to produce physiographically low belts. The Gordon 

limestone is generally underlain conformably by the West Coast 

Range conglomerate and overlain by rocks of the Eldon group, either 

conformably or with a possible disconformity. “The West Coast 

Range conglomerate varies markedly in thickness and the Caroline 

Creek sandstones and Florentine shales probably represent two facies 

of the same formation. The marly sandstones of Adamsfield contain- 

ing the piloceroid and endoceroid fauna represent a facies variant of 

Afailton 

‘\ a Zeehan le 

a Smelters Quarry 
Queenstown 

allen 1 
ig # Adamsfield 

Junee Caves 

Fig. 1. Tasmania, showing localities where lower Paleozoic nautiloids have 
been found. 
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the West Coast Range conglomerate. Identical stratigraphic succes- 

sions in the passage beds from West Coast Range conglomerate are 

thus not to be expected in geographically separated areas. 

Both the bottom and the top of the Gordon limestone are 

probably transgressive, and the thickness varies considerably. When 

this and the imperfection of the fossil collections are realized, the 

variation in age of faunas from different localities can be readily 

understood. At present only isolated horizons have been thoroughly 

searched. ‘Thus the cephalopod collections from the marly sandstones 

immediately below the Gordon limestone at Adamsfield are of Upper 

Canadian (pre-Chazyan) age, those of the Gordon limestone at 

Railton Chazyan or younger, those of the Gordon limestone at 

Zeehan and Queenstown Upper Ordovician. The limestones from 

which Johnston (1888) figured a number of cephalopods and other 

fossils and which probably belong to the original Gordon limestone 

of Gould contain a few forms with Middle Silurian affinities. 

A full discussion of the present state of knowledge of the 

Ordovician and Silurian rocks of Tasmania is being prepared by 

Carey and Banks, but the following notes on the occurrence of the 

fossils described below may be helpful. Cephalopods are almost 

entirely restricted to limestones, and the noncalcareous facies of the 

Ordovician and Silurian of Tasmania will not be discussed. 

1. Adamsfield——This occurrence has been discussed by ‘eichert 

(1947) who described from it Piloceras tasmaniense, Manchuroceras 

steanei, M. excavatum, Utoceras? sp., and Swuecoceras robustum. 

These are the oldest known cephalopod-bearing rocks of ‘Tasmania 

and are of early Ordovician (Upper Canadian) age. “They are marly 

sandstones and probably represent a transition facies in the West 

Coast Range conglomerate lying immediately below the Gordon 

limestone. To the above-mentioned species a new genus, 4/locoto- 

ceras is added in the present paper. 

2. Ida Bay.—These limestones were briefly described by Twelve- 

trees (1915) but no reference was made to fossils. Fossils were first 

found, in more recent years, by Mr. D. Dickenson ard later by 

members of the Geology Department of the University of “Tasmania. 

Ida Bay is one of the inner ramifications of a major inlet, known as 

Southport, on the east coast of Tasmania, 50 miles south of Hobart, 

not far from the southern extremity of the island. The thickness of 
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the Ordovician limestone in this district is considerable but has not 

yet been accurately measured. Most of the rocks are hard, and 

fossils are difficult to extract. We have previously described Hecato- 

ceras longinquum from this locality (Teichert and Glenister, 1952). 

A new genus, Mysterioceras and a new species, Trocholitoceras 

idaense are described in the present paper. 

3. Zeehan, Smelter’s Quarry.—The geology of this locality, which 

lies 2 miles south of Zeehan, has never been accurately described, but 

ii has been mentioned in papers by Twelvetrees and Ward (1910), 

Hills (1927), Edwards (1939), and Gill and Banks (1950). This 

limestone contains Tetradium tasmaniense Chapman which indicates 

Middle to Upper Ordovician age. From this locality we have pre- 

viously described (Teichert and Glenister, 1952) two new genera, 

Flecatoceras longinquum and Tasmanoceras zeehanense. "Two addi- 

tional new species, Hlecatoceras obliquum and Anaspyroceras anzaas 

are described in the present paper. The associated fauna is particularly 

interesting and includes gastropods which belong to Helicotoma, 

Holopea, Hormotoma, Lophospira, Raphistoma, and other genera. 

The aspect of this fauna is Upper Ordovician. It resembles most 

an American Trenton fauna but may possibly be as young as 

Richmond. 

The holotype of Ormoceras johnstoni comes from a_ sheared 

limestone, King Extended Hill, Zeehan. 

4. Railton.—The limestones in this locality have been described by 

Reid (1924, pp. 20-27) who applied the name Railton limestone to 

them. Although the rocks are folded and sheared, they are being 

quarried extensively. Fossils are, however, very rare. “The record 

of “Actinoceras cf. tate’ (fide Chapman, in Reid 1924, p. 26) almost 

certainly refers to specimens which are here described as Nybyoceras 

paucicubiculatum and Nybyoceras multicubiculatum. We have shown 

elsewhere (Teichert and Glenister, 1952) that ‘““dctinoceras tatei’ 

trom the Larapintine formation of central Australia belongs to Madi- 

ganella, a genus of Cyrtogomphoceratidae, and there is thus no basis 

tor a correlation of the Railton limestone with the Larapintine 

formation. 

5. Old Flux Quarry, near Queenstown.—This occurrence has 

been discussed (as part of the “Queen River Series”) by Edwards 

(1939, p. 69) and by Edwards and Hill (1941). The only cephalo- 
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pod from this limestone is Beloitoceras kirtoni. From the corals 

Edwards and Hill give the age of the deposit as Upper Ordovician. 

Three species of Tetradium are known from this locality. 

6. Junee Caves.—This locality is situated in the Tyenna Valley. 

Limestones form part of a thick Paleozoic section which has been 

briefly described by Lewis (1940), who referred to the limestones 

a: “Blue Junee Limestone.’ The only identifiable cephalopod from 

the Junee limestone is Orthonybyoceras tasmaniense, representing 

a genus which is widespread in the Ordovician of North America. 

7. Gordon River—Two new genera, Gordonoceras and Stromato- 

ceras, together with three new species, Ephippiothoceras decorum, 

Anaspyroceras, sp. and Gasconsoceras insperatum are described from 

the Gordon River. The localities of the specimens are unknown 

beyond the general locality, Gordon River, western Tasmania. ‘The 

presence of Gasconsoceras indicates affinities with the Middle Silurian 

of North America. The Tasmanian species, however, is not a typical 

member of the genus and although Gasconsoceras insperatum has an 

undoubted Silurian aspect, it is possible that it is of Lower Silurian 

age. We may thus conclude that the Gordon limestone extends into 

the Silurian, but the exact age of its upper limit must remain uncer- 

tain until new collections are made. 

SUCCESSION AND AFFINITIES 

OF CEPHALOPOD FAUNA 

The older Paleozoic cephalopod faunas of Tasmania are pre- 

dominantly of east Asiatic and to a lesser extent of North American 

affinities. There is a strong endemic element, and there are few if 

any relationships with the fauna of central and western Australia. 

Part of this diversity is due to differences in age, since most of the 

Tasmanian nautiloids are younger than the central and northwestern 

Australian ones. 

The fauna of the marly sandstones underlying the Gordon 

limestone at Adamsfield is the oldest. It is an Upper Canadian fauna 

of strong east Asiatic affinities and has nothing in common with the 

at least partly contemporaneous fauna of the Emanuel limestone of 

northwestern Australia. 

The relative ages of the limestones of Zeehan, Railton, and Ida 

Bay cannot be decided with certainity. The thick section at Ida Bay 
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may represent a considerable part of the Ordovician and coral evidence 

suggests that the top of the limestone is of early Silurian age. The 

occurrence of JTrocholitoceras suggests presence of Upper Canadian, 

although the ‘Tasmanian species has certain features linking it to the 

Middle and Upper Ordovocian Discoceras, and may therefore be 

younger. Hecatoceras also occurs in the limestone at Zeehan. 

Actinoceroids of the type found at Railton are most common in 

the American Chazyan and Mohawkian and corresponding rocks of 

Europe and Asia. “The limestone at Zeehan which contains only new 

genera (T’asmanoceras, Hecatoceras) is, according to other evidence, 

Upper Ordovician. 

The limestone from the Gordon River contains at least one 

cephalopod (Gasconsoceras) of Middle Silurian (Niagaran) aspect 

and the remaining genera are likewise of North American affinities. 

SYSTEMATIC DESCRIPTIONS 

Family MANCHUROCERATIDAE Kobayashi, 1935 

Genus MANCHUROCERAS Ozaki, 1927 

Manchuroceras steanei Teichert, 1947 12, il, sais, il, 

1947. Manchuroceras steanei Teichert, Jour. Paleont., vol. 21, No. 5, 
Ppp. 426-427, pl. 58, figs. 6-8, 12. 

Knowledge of this species can be supplemented by description of 

another specimen which is here selected as a hypotype (No. 20514, 

Department of Geology, University of Tasmania). The specimen 

under consideration is part of the internal mould of a siphuncle which 

is 41.5 mm. long. ‘The dimensions and external features are very 

similar to those of the holotype. Unlike the holotype this specimen 

is annulated to its adapical tip. 

The inside of the siphuncle is lined with calcitic material rep- 

resenting recrystallized endosiphuncular sheaths. This layer is poorly 

preserved but appears to be of uniform thickness. A further deposit, 

which is oval in cross-section, almost fills the endosiphocone. ‘This is 

the endosiphuncular wedge described by Teichert (1947). A narrow 

longitudinal groove runs down its dorsal surface. Where the siphuncle 

has a dorso-ventral diameter of 15.6 mm. and a lateral diameter of 

16.5 mm., the endosiphuncular wedge has dorso-ventral and lateral 

diameters of 10.9 mm. and 13.0 mm., respectively, and the maximum 
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width of the unoccupied endosiphocone, measured in the dorso-ventral 

mid-plane, is 2.4 mm. 

Comparisons—The holotype of Manchuroceras steanei shows a 

thin endosiphuncular wedge, lenticular in cross-section and occupying 

roughly one-quarter the volume of the endosiphocone. The hypotype is 

significant in that it demonstrates the possibility of the endosiphuncu- 

lar wedge growing in dimensions so that it would eventually fill the 

space inside the last endocone. Under a variety of conditions of 

fossilization and preservation (including those prevalent at Adamsfield ) 

the presence of an endosiphuncular wedge developed to this degree 

would be almost impossible to detect. 

Occurrence.—Ordovician (Upper Canadian) marly sandstones 

trom Adamsfield, south central Tasmania. 

Family ENDOCERATIDAE Hyatt 

Genus ALLOCOTOCERAS Teichert and Glenister, n. gen. 

Type species—Allocotoceras insigne "Teichert and Glenister, 

Ne Sp: 

Description Shells with straight to gently curved siphuncles 

which expand slowly and uniformly adorally; siphuncle round and 

almost in contact with ventral shell wall; annulations of siphuncle 

moderately pronounced, slope backwards from ventral (convex) side 

to the dorsaly (concave) side; septal necks holochoanitic, segments of 

siphuncle gentle concave; endosiphuncular sheaths arranged symmetri- 

cally leaving a circular endocone; endosiphuncular wedge present in 

dorsal portion of endocone. 

The name is derived from the Greek word meaning eccentric. 

Affinities —The genus Kotoceras Kobayashi (1936) is somewhat 

similar in having a spiculum which is flattened on one side but differs 

from Allocotoceras in having the flattening on the ventral side. From 

the description by Kobayashi it is not clear if this flattening is due 

to the endocones being shaped in this way or whether an endosiphun- 

cular wedge is present. Unfortunately Kotoceras and other genera 

of Endoceratidae established by Kobayashi in 1934 were based on 

alleged features whose reality cannot be accepted without serious 

misgivings. In Kotoceras, according to its author, the siphuncle is 

supposed to be ‘‘actually in contact with shell wall on wide flattened 
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ventral side” and it is made clear that this is to be understood to 

mean that septa and septal necks are absent from a median region 

along the ventral part of the shell. 

Two other genera are supposed to be characterized by the same 

feature. [hese are Paravaginoceras, which is said to differ from 

Kotoceras in having a strongly depressed cross-section of the conch, 

and Kawasakiceras which has an annulate shell. Some years ago the 

senior author received from Dr. Kobayashi a plaster cast of the 

holotype of Kotoceras typicum, and he has examined many specimens 

of European endoceroids in a very similar state of preservation. Fossil 

Endoceratida are commonly preserved in such a way that the shell 

has been completely removed as has also the septal substance and the 

septal necks along the ventral side of the specimen. If the septal 

necks along the ventral side are straight and their posterior edges fit 

smoothly into the preceding septal neck, the internal mould will be 

quite smooth. Endoceratida of this kind and in this type of preserva- 

tion have been described and figured from Sweden, Estonia, and 

North America and in no case is there any reason to assume actual 

discontinuity of the septa and the sutures across the venter. 

Kobayashi’s contention also raises difficulties in physiological 

interpretation. Septum and septal neck are secretions ot the mantle 

which completely envelopes the posterior end of the cephalopod 

animal. To assume that no septal substance was secreted along the 

ventral zone implies important differences in organization of the 

animal. One would have to postulate either a ventral zone of non- 

secretion of septal substance or an actual discontinuity in the mantle. 

The latter is unknown among molluscs, and either assumption would 

suggest fundamental anatomical differences of much greater taxonomic 

significance than on the generic level. 

We believe, therefore, that the morphological criteria on which 

Paravaginoceras, Kotoceras, and Kawasakiceras have been based are 

invalid. It may be possible to retain Kotoceras for Endoceratidae 

with ventrally flattened spiculum. “The holotypes of the type species 

of Paravaginoceras, P. parvodepressum, and Kawasakiceras, K. densi- 

striatum are poorly preserved and fail to show diagnostic internal 

structures, so that these two genera will for the present remain 

unrecognizable. 
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Allocotoceras insigne Teichert and Glenister, n.sp. Pl. 1, figs. 3-5 

Description of holotype (No. 21181, Department of Geology, 

University of Tasmania).—The holotype is a gently curved internal 

mould of a siphuncle with a narrow strip of shell adhering to the 

ventral surface. The specimen has beén slightly distorted near its 

apical end, but the curvature was apparently exogastric, the siphuncle 

lying close to the ventral- wall of the shell. The specimen is 63.6 

mm. long and expands uniformly adorally. Near its posterior end 

both the lateral and dorso-ventral diameters measure 4.6 mm., while 

at the anterior end the lateral diameter is 8.6 mm. and the dorso- 

ventral diameter, 8.4 mm. 

The surface of the siphuncle bears annulations which slope 

backwards from the convex towards the concave side at an angle of 

75° to the longitudinal axis. The distance between successive 

annulations is cne-third the diameter of the siphuncle. “The annula- 

tions are pronounced across the dorsum and flanks but become less 

distinct ventrally and can not be traced across the venter. ‘The 

annulations occur immediately anterior to the anterior end of the 

holochoanitic septal necks, so that the segments of the siphuncle are 

gently concave. 

The endocones have recrystallized into a wall which is somewhat 

thicker on the ventral than on the dorsal side, leaving a gently tapering 

endosiphocone 14 mm. in depth. ‘This lining is thickened on the mid- 

ventral (convex) side to form a low ridge projecting into the endo- 

siphocone. On the dorsal (concave) side a wedge-shaped deposit has 

partially filled the endosiphocone; its ventral face is slightly convex. 

The same type of structure was observed by ‘eichert (1947) in 

Manchuroceras and named ‘‘endosiphowedge,” but the term ‘‘endo- 

siphuncular wedge” seems preferable. 

Occurrence.—Ordovician (Upper Canadian) marly sandstones 

from Adamsfield, south central “Tasmania. 

Genus TASMANOCERAS Teichert and Glenister, 1952 

Tasmanoceras zeehanense Teichert and Glenister, 1952 Pl. 4, figs. 4,95 

1952. Tasmanoceras zechanense Yeichert and Glenister, Jour. Paleont., 
vol. 26, No. 5, p. 739, pl. 104, figs. 3-9. 

Description of hypotype (No. B845, “Tasmanian Museum, 

Hobart ).—In an earlier paper (1952) the present authors described 
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a small, slowly expanding straight or weakly curved endoceroid under 

the new generic name of Tasmanoceras. The genus was described . 

from two siphuncle fragments. At the time it was pointed out that 

the holotype belonged to a conch which was probably gently curved 

endogastrically whereas the paratype was gently exogastric. 

Since the presentation of the manuscript containing the descrip- 

tions of the original type material, another specimen belonging to 

this species has come into our possession. Like the holotype this 

specimen is a fragment of a siphuncle belonging to a gently curved 

endogastric conch. Recrystallization has obliterated the endocones, 

but along the flanks of the siphuncle, where they originally reached 

the periphery, weathering has produced furrows between successive 

endocones, leaving them standing out as longitudinal ridges. 

Occurrence.—Gordon River, western Tasmania. Exact locality 

unknown. The holotype of this species occurs in the Smelter’s 

Quarry, Zeehan, of Middle to Upper Ordovician age. This fact 

suggests that Ordovician as well as Silurian limestones occur on the 

Gordon River. 

Family ARMENOCERATIDAE ‘Troedsson, 1926 

Genus NYBYOCERAS Troedsson, 1926 

The genus Wutinoceras Shimizu and Obata (1936) is to be 

regarded as a synonym of Nybyoceras. It was established with 

Nybyoceras foerstei Endo (1930) as the type species, but unfortun- 

ately Shimizu and Obata had several wrong conceptions about 

Nybyoceras foerstei as well as about Nybyoceras bekkeri ‘Vroedsson, 

the type species of Nybyoceras. Wutinoceras is supposed to be 

distinguished from Nybyoceras by being longiconic, by having 

crmoceratoid septal necks, and by the connecting rings being in broad 

contact ventrally with the adoral surfaces of the septa in such a way 

that the latter are bent forward and follow the connecting rings for 

about half of their circumference, then bend abruptly and obliquely 

forward and outward until they meet the wall of the conch. Study 

of the holotypes of the type species of Nybyoceras and Wutinoceras 

shows that only the last mentioned feature has any reality. ‘The 

basal adnation area on the ventral side of Nybyoceras foerstei is 

indeed considerably broader than in Nybyoceras bekkeri. As regards 

the other alleged differences it is true that Troedsson (1926, p. 106) 



18 BULLETIN 144 200 

described Nybyoceras as a “brevicone’, but there is no reason to 

suppose that the somewhat fragmentary holotype of Nybyoceras 

bekkeri is any more breviconic than other large actinoceroids. In 

tact, it would probably be more correct to call it longiconic. The 

shapes of the septal necks of Nybyoceras bekkeri and Nybyoceras 

foerstei are very similar and those of the latter are by no means 

ormoceratoid but typically armenoceratoid (see Teichert, 1933, pl. 10, 

a Sane y) 

The width of the ventral posterior adnation surface of segments 

of the siphuncle cannot be regarded as a feature on which generic 

differences can be based. Shimizu and Obata themselves (1936, p. 

29) have referred to Wutinoceras the holotype of Nybyoceras 

aigawaense Endo (1935, pl. 11, fig. 13), a species in which the 
shape of the septa on the ventral side of the siphuncle is the same 

as In Nybyoceras bekkeri. 

Nybyoceras paucicubiculatum Teichert and Glenister, n.sp. 
Pll figs: 6) 9 

Description of holotype (No. O.S. 37:10, Queen Victoria 

Museum, Launceston, Tasmania).— The holotype is a well-preserved 

phragmocone which has been sectioned in the dorso-ventral mid-plane. 

It is straight and has a length of 252 mm. ‘The conch cross-section 

is subcircular but slightly flattened across the venter so that the 

dorso-ventral diameter is smaller than the lateral diameter. “Towards 

the apical end of the specimen the dorso-ventral diameter is 32 mm. 

and the lateral, 33 mm., while 210 mm. adorally from this point 

the corresponding measurements are 60 mm. and 62 mm., indicating 

an apical angle of 8°. The number of camerae in a length equal 

to the dorso-ventral diameter of the conch varies between 8 and 10 

in different parts of the shell. At the apical end of the specimen the 

highly nummuloidal siphuncle has a diameter of 9 mm., and _ its 

ventral surface lies 4 mm. from the ventral surface of the conch, 

while at the adoral extremity the siphuncular diameter has increased 

to 14 mm., and its distance from the ventral conch surface is 7 mm. 

The diameter of the siphuncle averages .28 that of the whole conch, 

and the septal necks are constricted to half the diameter of the outer 

surfaces of the connecting rings. [wo camerae together have a 

height equal to the diameter of the siphuncle. 

The sutures slope gently backwards from the dorsal towards 
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the ventral side of the conch. The curvature of the septa shows a 

marked variation, the maximum concavity, which occurs in the middle 

of the conch, ranging from 7.5 mm. to 14 mm. Along lines dorsal to 

the siphuncle where the connecting rings cease to be adnate to the 

adapical surface of the septa, the uniform curvature of any particular 

septum is destroyed by a sharp backward swing of the septum. 

Cameral deposits are present in all camerae. Near the apical 

end of the conch these deposits almost completely fill the camerae. 

They occupy only a small percentage of the camerae towards the 

adoral end of the specimen. Episeptal deposits generally develop 

before hyposeptal deposits. The hyposeptal deposits in the ventral 

portion of the camerae are invariably the last to develop. 

Septal necks range in length from .35 mm. to 1.0 mm. and are 

generally sharply recurved. ‘They are often flattened against the 

underside of the septum but in some cases are gently rounded and 

open as in Actinoceras. On the dorsal side of the siphuncle, the 

connecting rings are adnate to the adoral surfaces of the septa for 

widths up to 2.1 mm. On the adapical side they are attached to 

the brims and adapical surfaces of the septa for distances up to 3.9 

mm. An entirely different structure is seen on the ventral side, where 

the area of adnation is up to 4.8 mm. wide on the adoral surface. 

The connecting rings generally do not come into contact with the 

adapical septal surface although a few are adnate to the septum for 

as much as 1.6 mm. Brims of 2.3 mm. width, on the dorsal side, 

and 1.2 mm. on the ventral side, do occur, but the average length is 

about .g mm. on both sides. Laterally this asymmetry is no longer 

found as the connecting rings are in contact with the septa for a 

distance of 1.5 mm. on both surfaces of the septum. 

The diameter of the endosiphuncular canal averages .25 that 

of the whole siphuncle. A ring of radial canals is given off in each 

segment; these radial canals are characteristically irregular and simple, 

though a few bifurcate. In cross-section the radial canals are seen 

to be made up of numerous thin concentric layers. On the dorsal 

side of the siphuncle the radial canals are directed backwards and 

empty into the perispatium in the adapical half of the segment, 

whereas on the ventral side the radial canals are bent forward and 

enter the perispatium in the adoral half of the segment. Laterally 

the canals enter the perispatium more or less symmetrically. In 
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eccentric sections it becomes apparent that each ring of radial canals 

has its individual canals joined by a thin irregular lamella of tissue 

for which the name siphuncular membrane is here proposed. In the 

adapical portion of the shell, primary calcareous deposits fill that part 

of the endosiphuncle not occupied by the canal system and the peris- 

patium. In many cases these deposits show a clearly laminated 

structure. ‘The perispatia are narrow and generally stretch almost 

the whole distance between adjacent septa. Laminated perispatial 

deposits completely fill the perispatium at the adapical end of the 

specimen and fill at least part of it even in the youngest segment of 

the siphuncle. 

Affinities —The relationships of this species with Nybyoceras 

multicubiculatum will be discussed in connection with the latter 

species below. 

Occurrence.—Ordovician limestones at Railton, northern ‘Tas- 

mania. 

Nybyoceras multicubiculatum Teichert and Glenister, n. sp. Pl. 2, figs. 1-3 

Description of holotype (No. O.S. 37:15, Queen Victoria 

Museum, Launceston, Tasmania).—The holotype is a phragmocone, 

160 mm. long which has been sectioned in the dorso-ventral mid- 

plane. The conch is not quite straight, but it is thought that the 

irregularities are due to crushing and shearing in the parent rock. 

The dorsal portion of the shell is well preserved, but the conch on 

the ventral side of the siphuncle has been destroyed. Few conch 

dimensions can be measured with accuracy, but the lateral diameter 

at the apical end of the specimen was 20 mm., and it is probable 

that the dorso-ventral diameter was slightly less. The siphuncle 

measures 9.5 mm. in the dorso-ventral mid-section at the apical end 

of the specimen and has increased to 13.6 mm. at the oral end. It 

is highly annulated being reduced in diameter at the septal necks to 

3.4 mm. at the apical end of the specimen and 5.4 mm. at the oral 

end. One and a half to two camerae have a height equal to the 

diameter of the siphuncle. 

Cameral deposits are present in all camerae but do not fill them 

completely. Episeptal and hyposeptal deposits appear simultaneously 

and are developed to an equal degree. ‘The destruction of the conch 

ventral to the siphuncle suggests that cameral deposits were not well 

developed in this region. 
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On the dorsal side of the siphuncle the septal brims are up to 

t.1 mm. wide and the septal necks reach a maximum length of .6 mm. 

The septal necks are sharply recurved and the edges of the brims are 

generally pressed against the adapical surface of the septa. On the 

adoral surface of the septa at the dorsal side of the siphuncle, the 

area of adnation reaches a maximum width of .5 mm. while on the 

adapical side of the septa the connecting rings are adnate to the 

septum for a maximum distance of 1.8 mm.  Ventrally the septal 

brims measure up to I.I mm. in length and the septal necks have a 

maximum length of .7 mm. They are entirely different in shape 

from the septal necks on the dorsal surface being open at the outer 

extremities and never pressed against the adapical surface of the 

septa. The area of adnation on the adoral surface of the septum 

probably reaches a maximum of 5.0 mm., but because of the destruc- 

tion of the ventral surface of the siphuncle the maximum measurement 

taken was 4.2 mm. ‘The connecting rings are never adnate to the 

adapical surface of the septa on the ventral surface of the siphuncle. 

The endosiphuncular canal has a diameter measuring about one- 

third that of the whole siphuncle. It gives rise to a system of 

irregular radial canals. Individual canals almost invariably branch 

at least once, and some have been observed with tour branches. “The 

siphuncular membranes, which join these branches, may themselves 

branch, with the result that the siphuncle becomes divided into many 

small chambers. Where preserved, the perispatium is very narrow 

and almost completely filled with laminated perispatial deposits. 

Primary calcareous deposits are developed throughout the siphuncle ; 

at the adapical extremity they fill all the space not occupied by the 

canal system and perispatium but towards the adoral end of the 

siphuncle they appear as thick discrete rings around the septal necks 

and do not fill all the available space. 

Description of paratype (No. O.S. 37:9, Queen Victoria 

Museum, Launceston, Tasmania).—The paratype and only other 

specimen known is a straight phragmocone with well-preserved siph- 

uncle and adjacent parts of the camerae, from which the external 

part ot the conch has been removed. It has been sectioned at an 

angle of 15° to the lateral plane over most of its length but a small 

portion at the adoral end has been ground in the dorso-ventral plane. 

The specimen is 140 mm. long and has a siphuncle of diameter 13 

mm. ‘The shape of the conch cross-section is dificult to determine, 
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but it is probable that the conch was flattened ventrally and that the 

ventral surface of the siphuncle was situated 3 mm. from the 

ventral shell surface. The number of camerae which occupy a 

length equal to the siphuncular diameter varies between two at the 

adapical end of the specimen and three at a point 100 mm. adorally 

from it. This variation is, however, quite irregular. 

In the apical half of the specimen cameral deposits completely 

fill the camerae on the dorsal side of the siphuncle and leave only 

small spaces on the ventral side of the siphuncle. A small space 

around the connecting ring is free of organic cameral deposits. 

In the adoral part of the conch both episeptal and hyposeptal deposits 

are developed in all camerae but do not fill them. LEpiseptal and 

hyposeptal deposits begin to develop simultaneously and develop at 

equal rates until at maturity they fill equal volumes of the camerae. 

In the lateral section the brims of the septal necks are up to 

1.1 mm. wide. The connecting rings are adnate to both the anterior 

and the posterior surfaces of the septa for a width of 2.0 mm. 

Primary calcareous deposits fill the entire space in the siphuncle 

except that occupied by the perispatium and canal system. In some 

places these deposits are finely laminated with the lamellae centering 

on the septal necks. 

Comparisons.—Nybyoceras multicubiculatum is similar to Nybyo- 

ceras paucicubiculatum from the same locality. “They may be readily 

distinguished by the nature of the cameral deposits and the endosi- 

phuncular canal system. In the case of Nybyoceras paucicubiculatum 

the episeptal deposits are the first to develop. They almost reach 

maturity before hyposeptal deposits first start to develop in the dorsal 

part of the camerae. When maturity is reached the episeptal deposits 

fill over two-thirds of the camerae and pronounced pseudosepta are 

unknown. The episeptal and hyposeptal deposits of Nybyoceras 

multicubiculatum start to develop simultaneously and at maturity fill 

equal volumes of the camerae, leaving pronounced pseudosepta. Both 

Nybyoceras multicubiculatum and Nybyoceras paucicubiculatum have 

a single set of radial canals to each siphuncular segment. In the 

latter the individual canals are typically unbranched, although bifur- 

cation is sometimes observed, and are joined by a simple unbranched 

sheet of siphuncular membrane. Nybyoceras multicubiculatum, on 
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the other hand, shows radial canals with up to four branches, each 

of which is joined by a complex system of siphuncular membranes. 

Specimens from the Chinese province of Jehol, described as 

Jeholoceras robustum by Kobayashi and Matumoto (1942) have a 

somewhat similar structure. The genus Jeholoceras was described 

by its authors as follows: “Orthoconic armenoceroid having a broad 

marginal siphuncle and neck rings composed of vertical lamellae 

which are protruded inward in different lengths.” The value of 

these “lamellae” for generic diagnosis may be doubted, because similar 

structures have been described in species belonging to other genera. 

Such ‘lamellae’ are in fact the remnants of membranes connecting 

the radial canals within one siphuncular segment as, e.g. those des- 

cribed by Teichert (1933) in Cyrtonybyoceras haesitans (Billings). 

If the canal system is complex and the radial canals branch, the 

connecting membranes may be arranged more or less vertically in 

the siphuncle. In the present state of our knowledge, it seems 

inadvisable to regard the presence of vertical membranes as a feature 

for generic distinction. 

Occurrence.—Ordovician limestones at Railton, northern Tas- 

mania. 

Genus ORTHONYBYOCERAS Shimizu and Obata, 1935 

In 1942, Flower established a genus Treptoceras for actino- 

ceroids with fairly narrow siphuncles and siphuncular segments with 

gradually decreasing diameters. As type species he designated “Ortho- 

ceras duseri Miller,’ although the only species of that name was 

established not by Miller, but by Hall and Whitfield (1875). Since 

no bibliographic reference was given and the “type species” was not 

further discussed in Flower’s paper, it appears that the genus T'repto- 

ceras was proposed without a valid type species and that the name is, 

therefore, a nomen nudum. Among the species which Flower proposed 

tc include in his new genus was Ormoceras? covingtonense Foerste 

and Teichert which, however, is the type species of Orthonybyoceras 

established by Shimizu and Obata in 1935. It is not certain whethei 

the diameter of the siphuncular segments decreases appreciably in 

Ormoceras? covingtonense. Nevertheless, this species is probably a 

member of the group for which Flower intended to use the name 

Treptoceras and for the time being the name Orthonybyoceras may 
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take its place because it was validly established, although on erroneous 

precepts. Thus the scope of Orthonybyoceras is that of Treptoceras, 

as defined by Flower (1942, pp. 55-56). 

Orthonybyoceras tasmaniense Teichert and Glenister, n. sp. Pl. 2, fig. 4 

Description of holotype (No. 21146, Department of Geology, 

University of ’asmania}.—The holotype is part of an orthoconic 

phragmocone which is 27.1 mm. long. It is circular in cross-section 

and expands in diameter from 10.9 mm. at the posterior end to 14.7 

mm. at the anterior end. ‘The siphuncle is moderately large and is 

situated ventral to the centre of the conch. Eight camerae occupy a 

distance equal to the diameter of the conch and the siphuncle has 

a diameter equal to the height of one and a half camerae. The septa 

have a concavity equal to the height of one camera. ‘The sutures are 

not well preserved but are probably straight and transverse. The 

shell surface is smooth. 

Cameral deposits occur'in all camerae. Between the dorsal side 

and the siphuncle only episeptal deposits occur, extending: as a thin 

layer along the surface of the septa from the shell wall two-thirds 

of the distance towards the siphuncle. Between the siphuncle and. the 

ventral side of the conch episeptal deposits almost completely fill 

the camerae. Hyposeptal deposits may occur but only as a thin 

layer. 

The broadly nummuloidal siphuncle has a diameter of 1.9 mm. 

at the posterior end of the specimen and is situated 5.3 mm. from the 

dorsal wall of the shell. At the anterior end, its diameter has 

increased to 3.0 mm. and its distance from the dorsal wall to 7.9 mm. 

The connecting rings are evenly inflated. In a typical segment the 

greatest diameter of the siphuncle is 2.85 mm., the height of the 

segment is 1.065 mm. and the diameter of the septal foramen is 1.4 

mm. Septal necks are short and bear brims averaging .2 mm. in 

length which are recurved and flattened against the adapical surface 

of the septa. “The connecting rings are adnate to the adoral surface 

of the septa for a distance equal to the length of the brims. Recrystal- 

lization has obscured much of the structure of the siphuncle but it 

appears that endosiphuncular calcareous deposits are present, leaving 

an endosiphuncular canal and simple radial canals which empty into 

a large perispatium in each segment. 
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Occurrence.—A single specimen is known from near the entrance 

to the Junee Caves, Maydena, south central Tasmania; stratigraphi- 

cally about 150 feet above the entrance to the caves. 

Family ORMOCERATIDAE Saemann, 1853 

Genus ORMOCERAS Stokes, 1838 

The relationships between the genera Ormoceras and Sactoceras 

have long been in doubt. The genus Ormoceras and its type species 

Ormoceras bayfieldi Stokes were redescribed and discussed by Foerste 

(1924). Sactoceras was established by Hyatt in 1884 with the type 

species Orthoceras richtert Barrande. ‘This genus and its type species 

were again discussed by Miller, Dunbar and Condra in 1933. On it, 

Troedsson (1926) based a new family, Sactoceratidae, to include 

Sactoceras, Ormoceras and similar genera, but Flower (1946) felt 

doubtful about the distinction between the two genera. He was 

inclined to regard Sactoceras as a synonym of Ormoceras but refrained 

trom changing the name of the family pending further investigation. 

Since the family Ormoceratidae had, however, been validly established 

by Saemann in 1853 it is used here in the same sense as Sactoceratidae 

Troedsson. Even if Sactoceras should prove to be different from 

Ormoceras the family name based on the latter genus has priority. 

From a study of the figures and descriptions of the type species 

of the two genera it would appear that the only significant difference 

between the two can be found in the width of the siphuncle relative 

to the diameter of the conch. Both genera have straight conchs; 

their septal necks are crytochoanitic and between 0.5 and 1 mm. long. 

No lectotype of Sactoceras richteri has as yet been selected, but the 

specimens figured by Barrande (1868) on plates 318, 322, 323, and 

349 are all rather similar. The segments of the siphuncles have 

proportions similar to that of Ormoceras bayfieldi with a ratio of 

length to width approximating 3:4. Also the degree of constriction 

of the siphuncle at the septal necks is similar in both species, and the 

endosiphuncular deposits are of a very similar, rather simple type. 

However, the width of the siphuncle in Ormoceras bayfieldi is one- 

third the diameter of the conch, whereas in Sactoceras richteri it is 

only between one-fifth and one-sixth. Considering the fact that the 

relative width of the siphuncle in Actinoceratida is a somewhat vari- 

able figure which may change considerably during the ontogeny of 
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one specimen and differs in different species of most genera, not 

much weight can be attached to this feature. Sactoceras is, therefore, 

here regarded as a synonym of Ormoceras, the latter being expanded 

to include Actinoceratida with comparatively narrow siphuncle and 

with only moderately inflated siphuncular segments. 

Another genus which must be considered in this connection is 

Linormoceras ‘Kobayashi and Matumoto (1942). Ormoceras johns- 

toni, to be described below, is somewhat similar to a species described 

as Linormoceras centrale by Kobayashi and Matumoto in 1942. 

These authors defined the new genus Linormoceras as follows: 

“(rthoconic ormoceroid having a large subcentral siphuncle in which 

the stereoplasmic deposits form connecting rings at first but later 

endosipholinings.” It should be noted that in this diagnosis “‘con- 

necting ring’ is apparently a typographical error for “neck ring” 

which is used by the authors for the endosiphuncular deposit formed 

in the vicinity of and more or less concentrically around the septal 

neck. In the description of Linormoceras centrale it is stated that 

“the endosiphuncular lining is the most significant characteristic of 

this nautiloid. When the lining is made, the radial canal is discon- 

nected from the endosiphuncle.” If we interpret the authors’ inten- 

tions correctly, they seem to suppose that in the siphuncle of Linormo- 

ceras centrale calcareous deposits at first form in the way which is 

normal for actinoceroid siphuncles. ‘That is, they begin to grow just 

inside the septal necks, enlarge gradually anteriorly, posteriorly and 

towards the centre, until only the central canal, radial canals, and 

perispatia are left free. Kobayashi and Matumoto apparently contend 

that at some stage, when the radial canals were already well formed 

but the central canal was still rather wide, the mode of deposition of 

calcareous matter changed completely; the radial canals were sealed 

off at their proximal ends by a calcareous lining which formed as a 

continuous layer on the walls of the central canal, successive layers 

being added at later stages. 

From a study of Kobayashi and Matumoto’s illustration, as 

well as from a study of numerous specimens of drmenoceras and 

Ormoceras, we are inclined to doubt this interpretation. It is not 

unusual for the endosiphuncular deposits in actinoceroids to show 

lamellar structure. In well-preserved specimens the lamellae are 

concentrically arranged around the septal necks. With increasing 
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distance from the septal necks they become less curved and on the 

internal side of the deposits they are more or less parallel to the 

longitudinal axis of the siphuncle. In wide siphuncles where there 

is considerable centripetal growth of deposits from the septal necks 

this longitudinal lamination may become quite prominent. An 

instructive example is a specimen figured as Actinoceras richardsoni 

magnum by Parks (1915, pl. 2, fig. 1) and refigured as 4rmenoceras 

magnum by Foerste and Savage (1927, pl. 8, fig. 1). In this specimen 

the siphuncular segments are 55 mm. wide, but only 8 to 9 mm. high. 

The peripheral parts cf the segments are rapidly filled with calcareous 

deposit and the latter can then only grow centipetally. The laminae 

at this stage are arranged longitudinally in the direction of the axis 

of the siphuncle. Except where they are pierced by radial canals they 

may appear to be continuous from one segment to the next. 

If Kobayashi and Matumoto’s interpretation of the structure 

of Linormoceras were correct, it would indicate a fundamental dif- 

ference in structure from ordinary Actinoceratida of much more than 

generic rank. In all other genera of Actinoceratida the preservation 

of the whole endosiphuncular canal system, consisting of central canal, 

1adial canals and perispatia, is an essential part of their organization. 

The sealing off of the radial canals and perispatia at some ontogeneti- 

cal stage could indicate a fundamental change in physiological function 

of the siphuncle. Such a change has never been indicated by inde- 

pendent observation on other specimens and for the time being we 

are inclined to regard Linormoceras as a synonym of Ormoceras. 

Ormoceras johnstoni Teichert and Glenister, n. sp. Pele tie 8 
Pls 2) feed 

Description of holotype (No. O.S. 37:12, Queen Victoria 

Museum, Launceston, Tasmania).—The holotype is the only known 

specimen belonging to the species. It is part of a straight phragmocone 

and is 100 mm. long. ‘The siphuncle and surrounding farts of the 

camerae are well preserved, but much of the shell and the external 

parts of the camerae are missing. At a point 105 mm. from its 

posterior end, the conch has a lateral diameter of 35 mm. ‘The 

dorso-ventral diameter is smaller, probably about 30 mm., due to a 

pronounced ventral flattening. The conch enlarges laterally at an 

angle of 3 degrees. The diameter of the siphuncle remains uniform 

at I1 mm. throughout its length. One and a half camerae occupy 
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a length equal to the diameter of the siphuncle and four and a half 

camerae occupy a length equal to the lateral diameter. “The suture 

was probably straight and transverse. “The maximum concavity of 

the septa it 10 anm. 

Epi-eptal and hyposeptal deposits fill about one quarter of the 

volume of all camerae, the episeptal deposits showing the more exten- 

sive development. 

The ventral surface of the siphuncle is situated 5 mm. from the 

ventral surface of the conch. At the septal necks, the siphuncle is 

constricted to 5 mm. ‘The septal necks range in length from 1.0 mm. 

at the posterior end of the specimen to 2 mm. at the anterior end. 

The length of the brims varies between .7 mm. and 1.1 mm. They 

are approximately parallel to the septa. On the ventral side of the 

siphuncle the connecting rings are adnate to the adoral surface of the 

septa ior 2.5 mm., but on the dorsal side this area of adnation 

measures only 1 mm. Laterally the connecting rings are adnate to 

the adoral surfaces of the septa for 1.5 mm. “The well-defined endosi- 

phuncular canal has a diameter one-fifth that of the whole siphuncle. 

A ring of radial canals is given off from the endosiphuncular canal in 

each segment of the siphuncle. The radial canals meet the connecting 

rings at about the mid-height of the segments. Bifurcation of the 

radial canals occurs rarely, but most of them are straight and simple. 

In eccentric sections the radial canals are seen to be joined by a 

network of siphuncular membranes similar to those observed in the 

‘Tasmanian species of Nybyoceras. Calcareous organic deposits fill 

that part of the endosiphuncle not occupied by the canal system and 

the perispatia. In rare cases these calcareous deposits are finely 

laminated. “The lamellae are at first parallel to the radial canals and 

then swing adapically to parallel the connecting rings. Thin dark 

coloured lamellae regularly alternate with thicker light coloured 

lamellae. Perispatia are narrow and extend from one septum to 

the next. ‘They thicken considerably at either extremity. Laminated 

perispatial deposits generally fill the perispatia. 

Affinities —The relationships of Ormoceras johnstoni to Linor- 

moceras centrale from China have already been discussed. A rather 

similar form has been described as Ormoceras holmi from the Baltic 

province by Troedsson (1926). 
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Occurrence.—A single specimen is known from King Extended 

Hill, Zeehan, western Tasmania. 

Family MICHELINOCERATIDAE Flower, 1945 

Genus ANASPYROCERAS Shimizu and Obata, 1935 

Anaspyroceras shares richly in the confusion produced by Shimizu 

and Obata. ‘The above mentioned authors founded the genus with 

Orthoceras anellum Conrad, from the Beloit member of the Black 

River formation, as type species. The siphuncle of this species is 

unknown. It is possible that with further study dnaspyroceras may 

prove a synonym of the imperfectly known genus Swhspyoceras. 

Anaspyroceras is also related to Metaspyroceras and may grade into 

this genus. Anaspyroceras, as defined by Flower (1943), includes 

torms of the external aspect of Spyroceras with simple transverse 

sutures and orthochoanitic siphuncles. 

Anaspyroceras anzaas Teichert and Glenister, n. sp. Pl. 3, figs. 1-4 

Description of holotype (No. 1991, Department of Geology, 

University of Melbourne, Victoria).—The holotype is a_ well- 

preserved phragmocone 26.8 mm. in length. At the anterior extremity 

of the specimen, the dorso-ventral diameter is 7.9 mm. and _ the 

lateral diameter 5.8 mm.,.while the corresponding measurements at 

the posterior end are 4.5,.mm. and 4.1 mm. ‘The conch is gently 

cyrtoconic. The siphuncle is small and excentric, being situated slightly 

nearer to the ventral (convex) surface of the conch than to the 

dorsal surface. 

Ornamentation consists of narrow longitudinal ridges, broad an- 

nulations and transverse lirae. ‘The longitudinal ridges are undivided 

but intercalations do occur. These intercalations begin as fine ill- 

defined ridges but increase in size adorally so that within 10 mm. 

they attain the average size of the other ridges. “Thus there are 26 

ridges at the posterior end of the specimen and 33 at the anterior 

end. The annulations are rather irregularly placed. “They are broad 

and low and are parallel to the septa, so that at the posterior end of 

the specimen they slope forwards from the ventral to the dorsal 

surface and at the anterior end they slope backwards from the ventral 

surface. The lirae run parallel to the annulations over the whole 

surface of the conch. 

The septa are shallowly and uniformly concave and as stated 
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above the sutures run parallel to the transverse annulations and lirae. 

The centre of the siphuncle is situated 2.0 mm. from the ventral 

surface of the conch at the posterior end of the specimen and 3.3 mm. 

from it at the anterior end. 

The adapical five chambers of the holotype were sectioned in 

the dorso-ventral mid-plane. The siphuncle is cylindrical and has a 

diameter of .8 mm. ‘The septal necks are orthochoanitic and the 

connecting rings expand little, if at all, between septal foramina. 

Four siphuncular segments occupy a distance equal to the dorso- 

ventral diameter. 

Description of paratype (No. 1992, Department of Geology, 

University of Melbourne, Victoria).—The paratype is part of a 

phragmocone 27.3 mm. in length. It has been sectioned in the dorso- 

ventral median plane. ‘The conch has been subjected to lateral pres- 

sure, so that in many places the conch wall is damaged and _ the 

lateral diameter is difficult to determine. At the anterior end of 

the specimen, the dorso-ventral diameter is 8.5 mm., while at the 

posterior end it is 5.8 mm. ‘The siphuncle is central and the conch 

gently cyrtoconic. From six to seven camerae occcpy a distance equal 

to the dorso-ventral diameter. 

The septa are shallowly concave and at their outer extremities 

reach the same height on either side of the siphuncle. Organic cameral 

deposits are not present. 

The siphuncle is cylindrical, and ranges in diameter from .8 mm. 

at the anterior end of the specimen to .75 mm. at the posterior end. 

The septa thicken considerably near the septal necks until at the 

septal neck they reach a thickness of .5 mm., which is twice the 

average thickness of the free part of the septa. “The connecting rings 

expand little if at all between septal foramina. Immediately posterior 

to the septal necks they become thicker and break into two branches, 

one going either side of the septal neck. The connecting rings are 

adnate only to the end two-thirds of the septal necks. Organic 

siphuncular deposits are absent. 

Additional material.—Three further specimens, each a_ small 

phragmocone, were available for study. 

The name is derived from the letters A.N.Z.A.A.S. which are 

abbreviations for Australian and New Zealand Association for the 

Advancement of Science. It is given to commemorate the Tasmanian 
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meeting of the Association in 1949 when all the known specimens of 

this species were collected. 

Comparisons.—The slight curvature and irregular annulations dis- 

tinguish the Tasmanian species from the more typical species assigned 

to Anaspyroceras. 

Occurrence.—Gordon limestone, Smelter’s (Quarry, Zeehan, 

western Tasmania. 

Anaspyroceras, sp. Piss figsseo.10 

Description of hypotype (No. B850, Tasmanian Museum, 

Hobart ).—This specimen is a well-preserved fragment of a phragmo- 

cone, 12 mm. long. The diameter is 12.8 mm., the cross-section 

circular, and the siphuncle small and almost central. “Three camerae 

have a length equal to the diameter of the conch. 

Ornamentation consists of annulations and fine longitudinal lirae. 

The annulations are slightly oblique, sharp and narrow, and separated 

from each other by areas which are almost flat. The sutures are 

straight and parallel to the annulations. 

The septal necks are short and orthochoanitic, the connecting 

rings thin and tubular. The length of the septal necks is .5 mm., 

the diameter of the septal foramen, 1.0 mm., and the diameter of the 

inside of the connecting ring at the mid-height of the camera, I.1 mm. 

Comparisons.—A_ specimen closely allied to dAnaspyroceras, sp. 

occurs in the limestone at Railton of Middle Ordovician age. ‘This 

fact suggests that limestones of Ordovician, as well as Silurian age, 

occur along the Gordon River. ‘The specimen described above is a 

typical representative of dnaspyroceras. The widely spaced regular 

annuli distinguish it, but the material does not permit closer com- 

parisons. 

Occurrence. — Gordon River, western “Tasmania; the exact 

lecality is unknown. 

Family PSEUDORTHOCERATIDAE Flower and Caster, 1935 

In his monograph on the Pseudorthoceratidae, Flower (1939) 

came to the conclusion that the affinities between this family and the 

orthochoanitic annulosiphonate cephalopods were so strong that there 

is probably not a good generic break between the two groups and the 

position of the boundary might be questioned. For convenience in 

definition and recognition he limited the Pseudorthoceratidae to 
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cyrtochoanitic forms. It was pointed out that in the current state of 

knowledge there was a sharp morphological break between the ortho- 

choanitic Silurian forms and the cyrtochoanitic Lower Devonian 

forms (the latter were at that time the earliest known members of the 

Pseudorthoceratide). A stratigraphical break also occurred, but 

Flower realized that with more extensive knowledge of the Upper 

Silurian cephalopods, both this and the morphological gaps might 

conceivably disappear. 

The Tasmanian material makes an important contribution to 

our knowledge cf this group. The present authors have come to the 

conclusion that a new genus from the Middle Ordovician described 

below as Mysterioceras australe is a primitive member of the Pseud- 

orthoceratidae. The cameral deposits are of the mural and episeptal 

variety, the septal necks cyrtochoanitic with narrow brims and the 

siphuncular segments gently inflated. Siphuncular deposits are parietal, 

eventually fusing to give a continuous lining to the siphuncle. These 

siphuncular deposits are most unusual in that they originate immedi- 

ately behind the septal necks and grow posteriorly to the preceding 

septal neck. A link with the type of siphuncular deposits usually 

observed in the Pseudorthoceratidae is found in a new genus from 

the Middle Silurian described below as Stromotoceras eximium. 

Stromatoceras is a true pseudorthoceratid having cameral deposits of 

the mural variety, cyrtochoanitic septal necks, and a nummuloidal 

siphuncle. The siphuncular deposits consist of a discontinuous 

laminated outer layer and a continuous inner layer which probably 

represents fused deposits of conchiolin. The outer calcareous layer 

is Interesting in that it is a parietal deposit growing from the septal 

neck both anteriorly and posteriorly. A new species described as 

Ephippiorthoceras decorum and a new genus Gordonoceras bondi, 

both from the Middle Silurian, show siphuncular deposits which 

originate at the septal neck and grow anteriorly along the connecting 

ring. 

Vhe poorly known Stereoplasmoceratidae appear to possess strong 

affinities with these primitive members of the Pseudorthoceratidae. 

At least some species assigned to the Stereoplasmoceratidae by 

Kobayashi (1936) are certainly primitive pseudorthoceratids, e. yg. 

Stereoplasmoceras teicherti Kobayashi (1936). ‘The siphuncular 

deposits of Mysterioceras australe join to produce a continuous lining 
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to the connecting rings at an early stage and it is considered likely 

by the present authors that further study will show that the siphuncu- 

lar deposits of the Stereoplasmoceratidae are discontinuous in their 

early stage of development and later fuse to give a continuous lining 

as in the Pseudorthoceratidae. “The cameral deposits too may prove 

te be fundamentally similar to the mural episeptal type. 

The evidence presented above seems to indicate that rather than 

developing from the Mlichelinoceratidae, the Pseudorthoceratidae 

developed from some more primitive stock, possibly direct from the 

Baltoceratidae. It also indicates that at our present state ot knowledge 

the evidence supporting the retention of the Stereoplasmoceratidae as 

a separate family is far from convincing. 

Genus MYSTERIOCERAS Teichert and Glenister, n. gen. 

Type spectes—Mysterioceras australe Teichert and Glenister, 

n. sp. 

Description—Orthoconic, slowly expanding conchs with circular 

cross-sections and smooth surface. Sutures straight and transverse. 

Siphuncle subcentral and moderately large. Cameral deposits of the 

mural and episeptal type well developed. Connecting rings. gently 

inflated, siphuncular segments higher than wide. Septal necks short 

and cyrtochoanitic with very narrow brims. Siphuncular lining present ; 

first develops along the connecting ring immediately posterior to 

septal necks but extends along connecting ring posteriorly to preceding 

septal neck and anteriorly along septal neck so that deposits of 

adjacent segments fuse to give a continuous sheath lining the siphuncle. 

Name is derived from the locality of the type species. 

Affinities. 

the genera included in the Pseudorthoceratidae (the holotype occurred 

Although Mysterioceras is much older than any of 

in the same block of limestone as a species of Jrocholitoceras) it 

would seem that the genus must be included in this family. The 

camer | deposits are predominantly of the mural type characteristic 

of the Pseudorthoceratidae. The discontinuous linings of the 

siphuncular segments which fuse to produce a continuous sheath are 

also similar to those of the Pseudorthoceratidae, although in the latter 

these deposits originate around the septal necks and extend adorally 

whereas in Mysterioceras they first appear posterior to the septal necks 

and extend both adorally and adapically. 




