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Abstract

Twelve post-Paleozolc cerloporid genera lncluding
thirteen specles have been restudied utllizing internal
characters. This approach applied to routine studies of
Paleozoic tubular Bryozoa has produced relatively consist-
ent taxonomic schemes. Earlier studles of cyclostomatous
Bryozoa were based on a relatively few, primarily external
characters. Variations of these characters generally re-
flect non-genetic factors. The discovery of many new in-
ternal characters in post-Paleozolc cyclostomes expands the
basis from which new taxonomies can be constructed and
evolutionary inferences made. Presumably as biological re-
lationships of internal and external structures become
known, estimates of genetic and non-genetic factors which
control their variation will improve.

Genera were dlagnosed on the baslis of characters
associated with zoarial growth patterns, microstructure of
the zooecial wall, and occurrence of dilaphragms. Brood
chambers, which are primary zoarlal structures in the
cerioporids studied, are too poorly known at present to
provide taxonomlc characters in supra-specific categories.

Cerioporids studied have ramose, massive, or frond-
ose zoarla. Ramose habit was produced by: (1) the forma-

tion of an axial endozone composed of nearly parallel grow-
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2
ing, thin-walled zooecia which eventually bend radlally and
become thick-walled in the exozone; (2) essentially like
(1) as modified by a spiral budding pattern; (3) like (1),
but zooecia stop growing orally after emplacement of peri-
stomial diaphragms; (4) repetetive hemispheric extensions of
the basal layer to form an axial support structure upon
which zooecla are initially adnate; (5) repetitive over-
growth in which each growth phase is composed of radially
directed zooecla; (6) parallel growth of autozooecia which
open only at growing tips. Frondose habit is produced by
bifoliate budding from a median layer. Massive habit is
produced by radial growth of zooecla. Overgrowth and intra-
zoarial anastomosis of growing branches are important modi-
fications of growth habit 1nvsome genera.

Basal, intermediate, terminal and peristomial dla-
phragms can be identified in ceriopor}ds. They can be dis-
tinguished on their position within the zooecium, direction
in which laminae flex when merging with the zooeclal wall,
occurrence of pores, and occurrence of peristomes. Basal,
and perhaps intermediate, diaphragms formed floors to
living chambers; terminal dlaphragms presumably functioned
as protective cover-plates to zoolds in degenerative phases;
peristomial diaphragms may have functioned as protective
cover-plates by restricting the skeletal aperture to a small

opening (peristome), through which feeding organs (the
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lophophore) had access to sea water. Basal dlaphragms were
secreted by membranes on the oral side of the diaphragnm.
Intermediate, terminal and peristomial dlaphragms were
secreted by membranes on their aboral sides. The secretion
of intermediate, terminal and peristomial diaphragms 1is
related to the connection of interzooidal tissue through
interzooldal pores. Increased circulation through inter-
zooldal pores, not possessed by most Paleozoic Bryozoa, may
provide an adaptive advantage to most post-Paleozolc Bryo-
zoa.

Observations of zooeclial wall structure in cerloporids
supports the "double wall" mode of growth model proposed by
Borg (1926, 1933) and expanded by Boardman and Cheetham
(1969). In cerioporids, two major kinds of laminar struc-
ture can be distinguished. In one group, laminae arch
orally convex. Four sub-groups are distinguished on the
basis of: (1) continuity of laminae across the zooeclal
boundary zone, (2) occurrence of sub-granular calcite, and
(3) occcurrence of thick zooecial linings. In the second
group, laminae intersect the axis of oral growth at less
than 90°. In one sub-group, laminae are linear to slightly
curved; in a second sub-group, laminae recurve aborally to
form a broad arch in the outer cortex. The last sub-group
occurs in a Bathonien speciles, thus extending the known

occurrence of orally acute lamination.
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Introduction

Fossil genera of Cyclostome Bryozoa have been known
since 1826 when Goldfuss erected the genus Ceriopora. Since
that time, numerous cyclostome genera and species have been
named, particularly in the works of Michelin (1841-1848),
Haime (1854), von Hagenow (1851), d'Orbigny (1849b, 1854),
Gregory (1896, 1902, 1909) and Canu and Bassler (1920, 1922,
1926). ZXKnowledge of living cyclostomes has been increased
by the efforts of Barrois (1877), Busk (1879), Waters (1879),
Harmer (1890, 1893, 1897, 1899), Robertson (1903, 191Ca, b)
and Borg (1926a, 1933). The abundance of named species and
genera and the length of time that they have been kno%n sug;'
gests that cyclostome bryozoans should be, at present, a
well-known group taxonomlcally. Yet this is not the case.
Since the beginning of this century, cyclostomes have large-
1y been relegated to the backwaters of taxonomic research.
With the exception of Borg's investigations, fundamental
understanding of cyclostomes has not advanced since about
the turn of this century.

The major obstacle to the investigation of cyclostomes
has been the lack of study technlques. In the past, most
taxonomic studies were based on a few arbitrarily chosen ex-
ternal characters. Taken singly or together, these charac-
ters were generally non-diagnostic by virtue of: a) their
ubiquity throughout the cerioporids, e.g., "zooeclal tubes

cylindrical to prismatic", b) thelr ambiguity, e.g.,
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8
"zooecial tubes long", or c) their having so much intertaxon
variability as to be virtually useless. Definltions of taxa
were unreliable and have not served to define or distinguish
taxa. Illustration of the external characters of types has
falled to provide sufficient documentation at the specific
or generic level. Furthermore, largely because of homeo-
morphy, external characters are poor data from which to in-
fer evolutionary relationships. As a result, existing tax-
onomic frameworks are inconsistent and largely unuseable.
Thus, cyclostomes have been virtuslly ignored in geologic or
biologic investigetlons which depend upon taxonomic informa-
tion as baslc data.

This study is an attempt to find new characters that
will provide the data for the construcvion of a new taxon-
omic framework. One of the finest collections of fossil
cyclostomes in the world 1s housed in the National Museum of
Natural History. Numerous cyclostome species were thin-
sectioned under the direction of R. S. Boardman during the
summer of 1966. Preliminary examination of these sections
indicated that cyclostomes have at least as many internal
characters as Paleozolc Stenolaemata.

Species with relatively large or "stony" zoaria were
easily thin-sectioned by technliques in general use. Many
of these specles were referable to the Cerioporina, and the
most recent comprehensive treatment of cerioporid genera was

given by Bassler (1953). Therefore, the genera selected for
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this initlal study were those assigned by Bassler to the

Cerioporina as valid names or synonyms.

Taxonomlc Basis and Procedure

Approach

The major goals of thls revision are two-part. The
first 1s nomenclatural: to determine the validity of generic
and specific names and to document types, primarily through
photographic i1llustrations. Types are the objective fix-
tures of nomenclature and must form the nucleus of any re-
vislonary taxonomic investigation.

Validation of generic names was faclilitated by the
large collection of literature on bryozoans collected by
BR. S. Bassler, later R. S. Boardmen and A. H. Cheetham, and
by the large general collections of zoological literature in
the National Museum of Natural History. Objective documen-
tatlion of genera was approached through the location and re-
description of the primary types of type specles. When
authoritative evidence indicated that the primary types were
destroyed or lost from known repositories, generic names
were retained only if secondary specimens could be assigned
with confidence to the type specles. This was necessary be-
cause most concepts based on external characters generally
do not serve to define or distinguish cerioporid taxa. In
each instance where concepts were based solely on examina-

tion of secondary specimens, the reasons for their use are
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10
discussed.

Internal characters are well-known in Paleozolc tubu-
lar Bryozoa and provide the basls of internally consistent
taxonomic concepts. It 1s reasonable to expect that the
same approach should yield similar results when applied to
the study of cyclostome bryozoans.

The second goal has been to formulate generic and
specific concepts based primarily on skeletal structures,
and to interpret skeletal structures biologically. In this
first stage of revision, numerous internal structures were
recognized. Cholce of characters associated with certain
structures does not imply inferences of phylogenetic import-
ance, but does expand the known phenotypic basis from which
evolutionary inferences can be made. The concepts, if in-
ternally consistent, should provide the empirical data for
second-level, more theoretical, studies, including the con-
struction of taxonomlies based on inferences of evolutionary
linkage.

Construction of phylogenetic classifications implies
knowledge of variation in genotypes through time. Estimates
of genetic variation improve as non-genetic factors are
excluded. In paleontology, varlation in genotype is infer-
red from morphologlc, primarily skeletal, characters.
Boardman, Cheetham and Cook (1969) have identified and dis-
cussed extragenetic elements which influence mode of growth

in Bryozoa. These elements are ontogeny of zoolds, astogeny,
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polymorphism and microenvironment. Variation ln these ele-
ments can be recognized in single colonies. MNoreover, each
colony is made up of numerous zoolds and all zooids are
virtually identical in genotype. Thus, investigators of
colonial organisms have a powerful tool for calibration of
extra-genetic sources of phenetlic variation.

Taxonomic concepts, to be useful phylogenetically,
should be based on characters which reflect genetic varia-
bility. Concepts developed here are, admittedly, prelimin-
ary because only the types are adequately prepared for study.
Specles descriptions are based on few specimens, and all but
one genus are based on the examination of type species only.
None the less, these concepts are not invalid; they are
simply imprecise. A great deal of information can be de-
rived from a few, or even single, specimens. Types have
special bearing on nomenclature, but no special bearing on
concepts. They are simply members of a population and, in
terms of that population, bear no more and no less informa-
tion than any other individual.

Concepts based on single specimens pose a special
problem because concepts nominally imply knowledge of inter-
specimen variability. Herein, two specles are presently
known from lectotypes only. Because the specimens showed
states of many characters assumed to have importance in
other species, and because estimates of nongenetic variabil-

ity can be made even from single zoarla, these specimens
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were fully described.
Genera included

Of the approximately fifty cerloporid generic names
listed by Bassler (1953), seventeen are listed in Table 1
and represent progress to date on the generlc revision of
the group. Of the seventeen names, four are objectlve syn-
onyms, one is a subjective synonym, and one genus, Dysnoeto-
pora, has been reassigned to the Chellostomata (Voigt,
1971). The twelve remaining genera show relatively great
variation in mode of growth and wall structure. In the
future, 1t may be necessary to remove two of them (Corymbo-
pora and Haploecia) from the cerioporids. Reassignment 1s
not made here because all genera are compatible with Borg's
double-wall concept and are not referable to the other exist-
ing double-walled groups, the hornerids, or lichenoporids.
Many genera remain to be examined. Erection of new taxa at
this stage is premature and could only serve to confuse
rather than clarify.
Synonyml es

The synonymlies prepared here are objJectlive in scope.
They list those works which bear on the validlty of names or
documentation of types. Inclusion of non~objective referen-
ces bears on taxonomic concepts, and in cerioporids, morpho-
logic concepts as presently understood here must be based to
a large extent on internal characters. Earlier investiga-

tors have based concepts on the relatively few external
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characters. Thus, published descriptions and 1llustratlons
are not sufficient for evaluatlion.

Relatively complete synonymies for names proposed prior
to about 1900 are listed by Gregory (1896, 1899, 1909).
Generic diagnoses

Generic dliagnoses, excepting that for Haploecla
Gregory, are based on the type species only. Informatlon
concerning specimens actually examined in this study 1is
summarized in Table 1.

Characters (or character groups) believed to be useful
at the generic level are:

1) Zoarial growth patterns, including the occurrence of
polymorphism.

2) Microstructure of the zooecial wall.

3) Occurrence of diaphragms.

In order to maintain consistency, charecters based on
structures observed in relatively few genera were excluded
from generic dlagnoses, but were included in species des-
criptions. Brood chambers, for example, are striking morph-
ological structures which are easy to identify and often
have characteristic shapes. As such, various authors have
considered them as important taxonomic characters at nearly
all subordinal ranks (for example, see Canu and Bassler,
1920). In thils study, brood chambers were observed in only

five genera, and possibly a sixth (large primary chambers
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were observed in Ceriopora Goldfuss, but other structural
characteristics typical of brood chambers were not observed).
In four genera, the brood chambers were abundant and many
occurred in each specimen. In the remalning genera, brocd
chambers were few; ln Parlelosoecla Canu and Bassler, only
three brood chambers were seen in thirty specimens. Brood
chambers, therefore, were not included in generic diagnoses.
It is hoped that future investigations will clarify
the occurrence and taxonomic importance of these'structures.

Technlgues

When this investigation was begun, standard thin-
section and peel techniques, as modified by R. S. Boardman
and hls assoclates at the National Museum of Natural History,
were used (Boardman and Utgaard, 1964, and Merida and Board-
man, 1967). At that time, poorly indurated fossil cyclo-
stomes and non-indurated Recent specimens were vacuum im-
pregnated with polyester resins. In the course of this
investigation, modifications of these techniques were made
(Nye, Dean and Eines, in Press, 1971). Essentially, these
amounted to the utilization of epoxies for impregnation and
nounting, and included fine polishing procedures of cut and
ground faces. These modifications resulted in improved
resolution of internal structures, the abllity to section
hard and soft parts together in Recent specimens, and the
abllity to make very thin sections when desired (to approx-

imately 5 microns).
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Biometrics

Numerous characters were measured. A listing of these
characters 1s given 1n Table 2. Phrases describing particu-
lar measurements are not always brief. Therefore, 1t was
necessary to use abbreviations in statistlical summaries of
measurements found in each specles description. The abbrev=-
iations are listed in Table 2.

Measurements of micro-dimensions were made directly
through the microscope using an ocular micrometer. Projec-
tion techniques, which are faster, were attempted initially,
but had to be abandoned because projected images of many
specimens lacked sufficient contrast.

Commonly, more zooecla are available for measurement
in tangential sections than 1t was feasible to measure, so a
method of selection was necessary. Non-random methods of
selection introduce bias and place constraints upon paramet-
ric statistics. Two random methods of selection were de-
slgned and are described below:

1) The microscope stage used could be moved parallel to
two directions at right anzles. A scale on the stage, call-
brated to .1 mm, indlicated the distance in each direction.
The section to be measured was positioned, and the coordin-
ates of the corners of a four-sided polygon which enclosed
most of the section were noted. These coordinates were

transferred to graph paper and a grid was constructed. Each

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20
TABLE 2

KEY TO ABBREVIATIONS USED IN STATISTICAL SUMMARIES

Zoarial
Zr-Ht
Zr-Wth
Br-CsSn-MxDn

PrBr-CsSn-MxDn

Ov-Th
AxCh-CsSn~-MxDn

BslLyr-Th
BrCpm-MxDn
. BrCpm-MnDn

Zooeclal

ZcCh-CsSn=-MxDn

ZcCh-CsSn-NMxDn

Zc=-LgnSn-Dph

Z¢Ch=-CsSn=-MxDn
ZcCh-CsSn-NMxDn

CdZcWl=Th
Z4Pr-Cn/ZcCsSn

Z4Pr-MnDr

Zoarial Height
Zoarlal Width

Branch - Cross Section - Maximum dim-
ension

Primary Branch - Cross Section -~
Maximum Dimension

(intrazoarial) Overgrowth - Thickness

Axial Chamber ~ Cross Section -
Maximum Dimension

Basal Layer - Thickness
Branch Capitulum - Maximum Dimension

Branch Capitulum - Minimum Dimension

Zooeclial Chamber - Cross Section -
Maximum Dimension

Zooecial Chamber - Cross Section =
Normal (to) Maximum Dimension

Zooecium - Longitudinal Section-
Depth

Zcoeclal Chamber - Cross Section =
Maximum Dimenslion

Zooeclal C er - Cross Section -
Normal (to) Maximum Dimension

Compound Zooecial Wall - Thickness

(inter)Zooidal Pore - Count/Zooecial
Cross Section

(1nter)Zooidal Pore - Minimum Diameter
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CnlZcCh~Cs8Sn=-MxDn

- ZCW1lLn-Th
ZcSp=Cn/ZeCsSn

ZcCh-CsSn~-LgnDn

ZcCh-CsSn=-TrvDn

Diaphrapgm
PstD-Th

Pst=-CsSn-MxDn
PstDPr-CsSn-MxDn

TrlD-Th
TrlDP-CsSn-MxDn

IntD=-Th
IntD-Intvl
IntD-DncApt

BslD=Th
BslD=-Intvl

Brood Chamber
BrCh-Lth
BrCh-Wth
BrCh-Dth

21

TABLE 2 (con.)

Central Zooecial ChambeXr -~ Cross
Section -« Maximum Dimension

Zooeclal Wall Lining - Thickness

(intra)Zooecial Spines = Count/Zoo-
eclal Cross Section

Zooeclal Chamber - Cross Section-
Longitudinal Dimension

zooeclial Chamber - Cross Section-
Transverse Dimension

Peristomial Diaphragm - Thickness

Peristomial (Chamber) - Cross Section-

Maximum Dimension

Peristomial Diaphragm Pore - Cross
Section - Maximum Dimension

Terminal Diaphragm - Thlckness

Terminal Diaphragm Pore - Cross
Section - Maximum Dimension

Intermediate Diaphragm - Thickness
Intermedlate Dliaphragm - Interval

Intermediate Diaphragm - Distance
(from) Aperture

Basal Diaphragm - Thickness
Basal Diaphragm - Interval

Brood Chamber - Length
Brood Chamber - Width
Brood Chamber - Depth
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BrChFl-Th
BrChRf-Th
PrBrChRf-Dr

Zoariasl Position

NO
Ex
En
LgnsSn
TngsSn
TrvsSn

Statistics

OR
X

3}

=

NZc
NZxr

TABLE 2 (con.)

Brood Chamber Floor - Thickness
Brood Chamber Roof - Thickness

Pores (in) Brood Chamber Roof -
Diameter

Not observed
Exozone

Endozone
Longitudinal Section
Tangentlal Section

Transverse Section

Observed Range

Mean

Standard Deviation
Coefficlent (of) Variation
Number (of observations)
Number (of) Zooecia

Number (of) Zoaria
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locus on the grid had an x and y coordinate. The number of
zooecla to be measured was selected; then coordinates were
chosen from a table of random numbers. The slide was posl-
tioned with respect to these coordinates, and the zooecium
nearest the center of the field was measured. This method
was time-consuming, as each tangential sectlon required the
construction of a new grid. Also, 1f zooecia were small and
the zooecial wall thick, the coordinates were impreclse.
This method was used to select zooecial characters in Repto-
nodicava globosa (Michellin), but was abandoned later in
favor of the second method.

2) A photograph of the sectlion was made and zooecla were
numbered directly onto the photograph. Then numbers were
selected from a table of random numbers. The zooecla so
chosen were measured directly through the microscope. This
method is fast; a polaroid 4x5 camera back was used, and
prints were available within seconds. The method is precise,
as well; if measurements are suspect, the zooeclum can be
found and dimensions checked.

Some measurements of zooecial characters are lllustra-
ted graphically for each speclies except Corymbopora menardil
Michelin. The dimension normal to the longest dimension of
the zooecial chamber was chosen because it should not be
influenced by the angular relation between the plane of the

section and the zooecial growth axis. Also included are
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histograms of the ratio of major zooecial dimensions, com-
pound zooeclal wall thickness, and a cumulative curve for
interzooidal pore counts.

Estimates of the arithmetic mean (X), the standard
deviation (SD), and coefficient of variation (C.V.) are not
given for cougts of interzooldal pores per zooeclal cross-
section. These éounts do not meet the baslic assumptions
required for the use of parametric statistics; most import-
antly, when pidtted. they do not approximate a2 normal dis-
tribution. The'counts are summarized in cumulative curves

glven for each species.

Skeletal Morphology

Zooeclal wall structure

Microstructure.- Since the major studies by Ulrich
commencing in the 1880's, wall structure has been considered
an important taxonomic character in studles of Paleozoic
stenolaemates. Nicholson was probably the first to make
oriented thin-sections and observe skeletal microstructures
in cyclostomes. He recognized and figured the laminar
structure in the zooeclal wall of Recent cerioporids (1880,
p. 335; text fig. 2, p. 336). Later, Bleicher (1894, p. 99-
100, pl. 1, figs. 1, 3; pl. 2) prepared thin-sections and
1llustrated laminar structure in the zooecial wall of an
encrusting tubuliporld cyclostome. Later investigators

have misunderstood, or virtually ignored, microstructure.
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In cerioporids, calcareous zooecial walls between ad-
jacent zooecia are compound because they are grown from both
sides. Therefore, in most genera, zooeclal boundaries can-
not be precisely defined because they lie within dbroad,
tangentially-amalgamate zones. laminae are sometimes arched
continuously across the zone, or the zone may be composed of
light-colored, subgranular, skeletal material which is nearly
homogeneous in appearance. The continuity of calcareous
tissue across the zooecial boundary zone suggests that the
depositing epithelium passed continuously over the rims of
ad jacent zooecia. A membrane that included an outer cuticle
covers the zoarium (observed by Borg, and probably Waters
and Busk in Recent cerioporids, and by Harmer in Recent
lichenoporids). The outer membrane (gymnocyst of Borg) pro-
tects the inner depositing epithelium and probably aids in
the transfer of nutrients around the actively growlng aper-
tural rims. Narrow, well-defined zooeclal boundary zones
can be seen in only a few genera. In these genera, the lam-
inae of adjacent zooecla meet at relatively low angles.

Wall structure 1s not homogeneous throughout a zooec-
ium. Zooecial walls are commonly subgranular, sometimes
vaguely laminate in the thin-walled endozone and inner exo-
zone portions. Thin zooeclial linings are commonly present
throughout. These are generally composed of dark-colored,

longitudinally parallel laminae. Zooecla which bud from
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basal layers often have thick zooeclal linings at the proxi-

mal tip of the zooecium and along the recumbent zooecial
wall (pl. 39, fig. 5).

Borg illustrated linear structures in the calcareous
walls of Recent cerioporid species (1933, text figs. 2, 11,
15, 16, 17; pl. 7, figs. 5, 6). He referred to these, how-
ever, as fibers (1933, p. 337) and believed that they were
organic, unspecified (for example, see 1926a, p. 196), or
chitinous (1926b, p. 585).

Recently, an integrative model of zooecial wall growth
in Stenolaemata was presented by Boardman and Towe (1966,
P. 20). The model was more fully developed by Boardman and
Cheetham (1969, p. 211, text fig. 2, p. 210). A similar
approach has been used by Tavener-Smith (1969) and by Brood
(19702a). This model integrates Borg's observations of the
membranous portions of the body wall and Boardman and Towe's
observations of miecrostructure and ultrastructures of the
calcareous wall. Three-dimensional laminar configuration is
the principal key to the understanding of skeletal morphol-
ogy. Provided that the primary lamination is preserved, one
can interpret structural relationships, sequence of events
and the location of the depositing epithelium (Boardman and
Cheetham, 1969, p. 210). This model provides the basis for
an understanding of the growth of zooecial walls in cerio-

porid bryozoans.
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In the outer exozone of cerioporid genera, two major
kinds of laminar microstructure can be distinguished. 1In
one group, laminae arch orally convex, intersecting the
orally directed axis of growth at 90° or more (text fig. 1
A-D), and are orally oblique (Boardman and Cheetham, 1969,
P. 211). In well-=preserved specimens, laminae are continu-
ous across the zooeclial boundary zones (text fig. 1 A, B) or
merge indistinctly with granular tissue in the outer cortex
(text fig. 1 C, D). Each lamina is inferred to have been a
simple growth surface which paralleled the depositing epl-
thelium (see Boardmen and Cheetham, 1969, text fig. 2A,

p. 210).

In the second group, laminae intersect the axis of
oral growth at less than 90° (text fig. 1 E, F) and are
orally acute. Laminae meet with an angular relationship
along the zooeclial boundary zone producing an integrate
apbearance in tangential section (pl. 18, fig. 3). Boardman
and Cheetham (1969, p. 211, text fig. 2B, p. 210) have shown
that laminae in this configuration were not parallel to the
depositing epithelium and thus do not constitute single-
event growth surfaces. Rather, growth is simultaneous along
many laminae by deposition of calcareous crystals on the
leading edge of each lamination.

In cerloporids, laminae commonly can be traced aboral-

1y for only relatively short distances and are not continu-
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Text figure 1 A-F. Diagrammatic profiles of compound zooec-
ial walls in the outer exozone portion of cerloporid
cyclostomes. Solld lines with arrows indlicate infer-
red position of depositing portion of inner membrane
responsible for last episode of cortex growth. Dashed
lines in cortex indicate indistinct lamination; solid
lines in cortex indlcate distinct lamination; cross-
hatching indicates subgranular to homogeneous calcar-
eous tissue. In A-D, growth surfaces parallel lamina-
tion, and each lamlna probably represents a single
growth eplsode. In E and F, the growth surface parzal-
lels the depositing epithelia, but cuts across laming-
tion; laminae probably grew by edge-wise growth. Zoo-
ecial linings are included only in D. Linings may be
deposited as sheet-like increments, or by edge-wise

growth.
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ous with dlaphragms. Thus, most depositional activity takes

ﬁlace at, and near, the apertural rim, and the deposition of
diaphragms cannot be correlated with depositional events in
the compound zooecial wall.

This contrasts with many trepostomes in which a single
lamina can be traced long dlstances aborally from the aper-
ture. Often these laminae are continuous structurally with
dlaphragms, and form single dlaphragm-wall units (see Board-
man, 1969, p. 27, text fig. 8, p. 27; text fig. 10, p. 31).
In these, the membrane lining the entire living chamber
apparently acted as a single depositional unit.

In each major group, subgroups can be distinguished.

These are described below.

Orally obllque lamination
Iype 1. Leminae are broadly curved, arching continu-

ously across the zooecial boundary zone (text fig. 1A). In
tangentlial view, the zooecial walls are broadly amalgamate,
This pattern has been observed in Ceriopora (pl. 8, fig. 1d;
pl. 9, fig. 1a), Heteropdra (pl. 35, fig. 2a) and Lelosoecia;
and in the walls between adjacent small polymorphs in Dit-
axia and Parlelosoecla (pl. 40, fig. 1f).

Type 2. Laminge are broadly curved, arching continu-
ously across the zooeclal boundary zone. Laminated calcar-
eous tissue alternates longitudinally with light-colored,

heterogeneous to homogeneous-appearing calcareous tissue
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(text fig. 1B). A better understanding of the light-colored
tissue will probably necessitate investigatlon by electron
microscopy. This tissue parallels laminar structure and 1s
inferred to be primary.

The light-colored tissue forms longltudinally discon-
tinuous plug-like bodles in Coscinoecla (pl. 14, fig. 1f)
which are lapped by laminate tissue giving an acanthopore-
like appearance in tangential section (pl. 14, figs. g, h).
These are not presently interpreted as acanthopores because
the bodlies are longitudinally discontinuous and because they
lack structures typlcal of acanthopores in Paleozoic steno-
laemates.

Type 2 1s intergradational to some extent with Type 1,
but is most clearly distinguished in Coscinoecia (text fig.
1B, pl. 14, fig. 1le; pl. 15, fig. 1g).

Type 3. Laminae are nearly linear in profile (text
fig. 1C, pl. 6, figs. 1, 3a) or arched (pl. 5, figs. 1b,
ic). Laminae are distinct and closely spaced in the inner
cortex. The outer cortex is light-colored and homogeneous
to indistinectly laminate (pl. 5, figs. 1a, b, c; pl. 6,
figs. 1, 3a, 3b); laminae are sometimes seen to arch contin-
uously across the zooecial boundary zone (pl. 5, fig. 1b).
The poorly laminated appearance of the outer cortex is not
simply an optical effect resulting from the angle of inter-

sectlion between laminae and the plane of the section, because
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1t was observed in longitudinal, transverse and tangential
views. In addition, it was consistently observed in well-
preserved specimens. Therefore, the appearance probably
reflects some primary, but presently unknown, ultrastructure.
This microstructure was observed in Ceriocava.

Type 4. The cortex is composed of light-colored sub-
granular to indistinctly laminated calcareous tissue. Lam=
inae sometimes arch continuously across the zooecial bound-
ary zone. In addition, the wall has a thick zooecial lining
composed of dense, dark-colored, longitudinally dlrectéd,
parallel to wavy laminae. The lining apparently thickens
through ontogeny, and smooths over irregularities on the
zooeclal wall, such as spinose projections. This structure
was observed in Haploecla and Zonopora and is illustrated in
text fig. 1D, pl. 23, fig. 1f; pl. 26, fig. 1d; pl. 30, figs.
ia, b; pl. 31, fig. 2b; pl. 47, fig. 1g; pl. 48, figs. 14,

e, £f; pl. 49, figs. 1lc, e; pl. 50, figs. 1b, 2b, 2c.

Orally acute lamination
Iype 5. In profile, laminae are linear to slightly

curved, and commonly intersect the orally directed zooecial
growth axis at about 45° or less (text fig. 1E). Zooecial
walls commonly are tangentlially and longitudinally integrate
in appearance. Thin zooceclal linings composed of dark-
colored, longiltudinally directed laminae are commonly
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present. This microstructure was first illustrated by Borg
(1933, text fig. 11, p. 303; text fig. 15, p. 322; text fig.
16, p. 323; text fig. 17, p. 329; text fig. 20, p. 339; pl.
7, figs. 6, 7). Crystalline ultrastructures and mode of
growth of this type were discussed by Boardmen and Towe
(1966, p. 20) and later, more fully, by Boardman and Cheet-
ham (1969, p. 211; text fig. 2B, p. 210; pl. 27, figs. 1a,
ib).

Type 6. Laminae initially extend from the zooecial
growth axis at about 45°, then are broadly arched in the
outer cortex. Zooecial walls are tangentially integrate in
appearance. Zooeclial linings are present or absent. Thls
microstructure was observed in Diplocave and Reptonodicava,
and is i1llustrated in text fig. 1F; pl. 16, figs. 1f, g, h;
pl. 17, fig. 6b; pl. 18, figs. 2, 3; pl. 19, fig. 1; pl. 41,
fig. 1if.

Variation in thickness. Zooecial walls of cerioporid bryo-
zoans commonly show pronounced variation in thickness. 1In
some genera this variation is cyclic, glving rise to annular
thickenings (pl. 4, fig. 1e). More commonly, however, varia.
tion in thickness shows less regular patterns. Text fig. 2
A-D 1llustrates the development of several different pro-
files in the outer exozonal zooecial walls of Coscinoecia

radlata Canu and Lecointre. Moniliform profiles are en-
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henced by the occurrence of interzooldal pores, but are not
solely responsible for them. Interzooldal pores are nearly
always located in thin-walled zones, but thin-walled zones
are not always pierced by interzooldal pores.

A quantitative estimate of variation can be made from
measurements of the width of compound zooeclial walls in
tangential section. The coefficlents of variation generated

from these measurements range from 27 in Ceriocava corymbosa

(Lamouroux) to 55 for all polymorphs in Coscinoecla radiata
Canu and Lecointre. The thickness of indlividual zooeclal
walls could not generally be measured because zooecial
boundaries are not visible in thin-section. Furthermore,
zooecial boundaries can be roughly approximated in longi-
tudinal section by noting the oral-most portion of individ-
val laminae. Longltudlinal lines connecting these polnts, the
zooecial growth axes, are often significantly offset from
the middle of the wall (text fig. 2C, D). Therefore, approx-
imation of the zooeclial wall thickness by halving the thick-
ness of compound zooecial walls would often be inaccurate.
Qualitative estimates of variatlion in zooecial wall
thickness can be made from profile views (see text fig. 2
A-D). Species tend to show characteristic profiles and ap-
parently have certain limits to variability. For instance,
zooeclal walls in Heteropora cryptopora (Goldfuss) are
nearly parallel-sided (pl. 34, fig. la) and become thicker
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Text figure 2 A-D. Incremental growth and longltudinal
profiles of zooeclal walls in the outer exozone of

Coscinoecla radiata Canu and Lecointre. Solid lines

indicate distinct laminae; broken lines indicate in-
distinct laminae; cross-checked patterns indicate sub-
granular to homogeneous-appearing tissue. Arrows
indicate local zooeclal growth directions.

A. Profile is nearly symmetrical across the zooecial
boundary zone, but shows large variation in thickness
longltudinally.

B. Proflile 1s nearly symmetrical across the zooecial
boundary zone and 1s almost parallel-sided.

C. Profile is moderately variable in thickness longitud-
inally, and subsymmetrical across the zooeclal boundary
zone., Note longitudinal varlation in direction of
zooeclal growth.

D. Profile is subsymmetrical across zooecial boundary
zone; note longitudinal variation in dlrection of

growth.
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orally in a regular manner. Thls contrasts with zooecial

walls in Coscinoecia radlata Canu and Lecointre which com-

monly show great variation in thickness longitudinally
(text fig. 2A, pl. 14, fig. 1la).

There is some indication that this varlation may be
useful for delineation at supraspecific taxonomic ranks.

For example, the zooeclial walls near the branch tips of both
Haploecia straminea (Phillips) and H. multilamellosa (Canu
and Bassler) have irregular moniliform profiles. These be-
come progressively more parallel-sided through the deposi-
tion of the zooecizal lining.

The sample, however, appears too small to generalize
from, and the important elements of profile shape, e.g., 1ts
relation to microstructure, are presently unknown. There-
fore, estimates of profile shape are included here in specles

descriptions.

Diaphragms
Introduction
Diaphragms are intrazooecial, calcareous partitions
which extend transversely across zooeclal tubes. They are
found in the Paleozolc orders Trepostomata, Cryptostomata,
and Cystoporata as well as the post-Paleozolc Cyclostomata.
Haime (1854) was apparently the first to recognize diaphragnms

in the zooeclal interliors of cyclostomes.
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Diaphragms in cerlioporids generally are constructed of
superposed calcareous laminae which are similar in appear-
ance to the laminae of the zooeclal lining. At the Jjuncture
with the zooecial wall, the diaphragms either flex orally or
aborally. The orientation of this flexure can be used to
infer the position of the depositing membrane. The flexure
and depositing membrane are necessarily on the same side of
the diaphragm if diaphragm laminae were deposited segquent-
l1ally. In cerioporids, the flexed calcareous layers some-
times merge continuously with the zooecial lining. More
commonly, the laminae adjoin the calcareous wall and extend
for varylng distances without merging, forming a structure
referred to here as an abutment.

Four types of dlaphragms can be identified in cerio-
porids: basal, intermediate, terminal, and peristomial dia-
phragms. Brief descriptions of three of these have been
given previously (Nye, 1970). The occurrence of dliaphragms
in thirteen cerioporids is tabulated in Table 3. The diz-
phragms can be ldentified on the baslis of:

1) the manner in which the diaphragms join the zooecial
wall

2) position with respect to the skeletal aperture

3) presence or absence of pores

4) presence or absence of a peristome.

Basal diaphragms are non-porous and generally thin,
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and with a few exceptions [e.g., in Haploecla straminea
(Pnililips), pl. 26, fig. 1bl, do not occcur close to skeletal
apertures. DBasal diaphragms are primarily distingulshed by
the oral flexure of the diaphragm at the juncture with the
zooeclal wall (pl. 5, fig. 2; pl. 15, figs. 1b, i, J; pl.
43, fig. 1). This oral flexure requires that the depositing
epithelium was oral to the diaphragms (text fig. 3). Basal
diaphragms of cerioporids and diaphragms of trepostomes are
similar because they both flex orally at the juncture with
the zooecial wall. In cerioporids, orally flexed calcareous
tissue commonly forms thin abutments or merges obscurely
with the zooecial lining. Thus, because basal diaphragnms
lack continuity with laminae in the cortex of the zooeclal
wall, deposition of basal dlaphragms cannot be correlated
with depositional events in the zooeclilal wall. This differs
from some trepostomes in which Boardman (1960, p. 27, and
text fig. 8, p. 27) has demonstrated that, * . . . a dia-
phragm plus the distally connected wall deposit are inter-
preted to form a unit of skeletal growth that was deposited
at approximately the same time . . ."

Coscinoecia has a well-developed coaxlal mode of

growth. Basal dlaphragms are numerous and closely spaced 1n
the endozone and the zone of zooeclal bending, but they were
not observed in the exozone (pl. 13, figs. 1d, g). This

contrasts with most trepostomes in which diaphragms are
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Text figure 3. Diagrammatic profiles of terminal, inter-
mediate and basal diaphragms in cerioporid bryozoans.
All dlaphragms were deposited from the inner membrane
( = cryptocyst of Borg). The inner membrane is extend-
ed over the exterior side of the terminal dlaphragms;
this interpretation is consistent with Borg's observa-
tlons of soft tissues (1933, text fig. 2, p. 369).
Arrows are emplaced at the approximate position of

membranes which deposited the dlaphragnms.
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commonly absent or infrequent in the endozone but numerous
in the exozone (see Boardman, 1960, p. 22).

Boardman (1960, p. 34) demonstrated that * . . . dia-
phragm counts and width of ephebic zones can be proportional
to growth stages of 2zooecla considering the manner of skele-
tal growth." 1In the exozones of Ceriocava (pl. 1, fig. 1g)

and in Reptonodicava (pl. 4%, fig. 2¢), basal diaphragms are

numerous and closely spaced. Cerlocava 1s robustly branch-
ing with ramose growth habit, and diaphragms are more numer-

ous distally from growing tips. Reptonodicava has a massive

growth habit in which zooecla essentially grow semiradially.
In this growth hablt, the number of dlaphragms is both a
function of ontogeny and a function of zooecial growth di-
rection relative to the major axis of distal growth. Zooeclsa
growing parallel to the major axis of distal growth are long,
and have numerous dlaphragms; zooecla growing at an angle to
the ma jor axls of zoarlal growth are shorter and have fewer
diaphragms.

Intermedlate dlaphragms flex aborally at the juncture with

the zooecial wall (pl. 9, figs. 1la, b; pl. 15, fig. 1a; pl.
36, fig. 1g) and are the same in this regard as most terminal
diaphragms. Intermediate diaphragms differ from terminal dia-
phragms in being non-~porous. In addition, they are com-
monly thinner and are seldom observed at the skeletal aper-
ture. Utgaard (1968b, p. 14h45-46, pl. 181, fig. 6) re-

ported similar diaphragms in the ceramoporold genera Ceramo-
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porella Ulrich and Acanthoceramoporella Utgaard. Utgaard
speculated that the diaphragms " . . . may be assocliated
with a terminal phase of a zooid."

As noted by Utgaard (1968b, p. 1445), the aboral flex-
ure of intermedlate diaphragms requires that the soft
tissues which deposited the laminae lay on the aboral side
of the dlaphragm (text fig. 3). Soft tissues engaged in
metabollc activities such as the deposition of calcareous
tissue presumably require a supply of nutritive and respira-
tory substances. This, in turn, requires either a storage
facllity or a direct communication with tissues able to
supply these requirements. When the first calcareous lamina
of the diaphragm is completed, a chamber is formed which is
sealed off from the overlying zooeclial cavity. Because of
the lack of pores through the diaphragm, any significant -
transfer of metabolites would be eliminated. In cerioporids,
however, soft tissues within these chambers presumably have
access to nutrients via the zoarial communication system of
interzooidal pores.

Terminal diaphragms (Borg, 1933, p. 290) are deposited
at, or close to, the distal extremity of a single zooecium
as zooeclal cover plates. They are characterized by their
position: aboral flexure, forming abutments (pl. 5, fig. 1a;
pl. 6, fig. 3a; pl. 40, fig. 1f) or merging with the zooecial

lining (pl. 50, figs. 2b, c¢); and by pores which pass com-
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pletely through the calcareous tissue of the diaphragnm.
Terminal dlaphragms probably occur in most cyclostomes; they
have been observed by several authors, including Busk (1859),
Nicholson (1880), Waters (1884a), Pergens (1890), Robertson
(1910), Canu and Bassler (1922, 1926) and Borg (1933, 1944).

The epithelial tissue which deposited the terminal
diaphragms was on the aboral side of the diaphragms. This
1s so because dlaphragms flex aborally at the juncture with
the zooecial wall, and because laminae form U-shaped figures
between pores (text fig. 3). Borg (1933, p. 277-8, 289,
358, text fig. 26, p. 369), however, believed that calcite
was deposited on both sides of terminal diaphragms and that
(p. 289) the diaphragm grew " . . . in a pupll-like way
untll it entirely shuts the aperture . . ."

Borg (1933, p. 368, text fig. 26, p. 369) observed and
figured ectodermal and mesodermal tissue of the inner wall
(cryptocyst) on both sides of the terminal diaphragm. Text
flg. 3 1s modified after Borg's illustration by adding
pores. In thls interpretation, the pores are true pores in
the original sense of Borg. If a cuticular layer lay immed-
lately over the calcareous tissue of the diaphragm sealing
the pores, the pores would be considered pseudopores. 1In
this respect, Borg (1944, p. 76, 116) later referred to the
pores in terminal dlaphragms as pseudopores, but he cited no

new anatomical evidence to support this contradiction to his
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earlier work.

Terminal dlaphragms are zooeclal cover plates and
probably serve to protect the soft tissues of the zoarial
interior. In post-Paleozoic cyclostomes, the breachling of
a single zooecium can provide access to the entire zoarial
interior via the interzooidal pores. Zoarlal protection was
first ascribed to terminal diaphragms by Waters (1884a, p.
403): WNow if each zooecium during its polypideless condi-
tion could be choked up by the mud deposited from the sea,
then the whole colony might suffer*. Harmer (1890) observed
a damaged zooecium which was sealed by a terminal diaphragm.
Later, a new polypide grew in the interior and the diaphragm
was resorbed. Borg (1944, p. 116) also observed zooecla
which were broken and then sealed by terminal diaphragms.

Zoolds lacking feeding structures are often sealed by
terminal diaphragms. Harmer (1890) observed that a * . . .
zooeclum which possesses a diaphragm contains a brown body,
but no functional polypide. Here and there it will be
noticed that a polypide-bud is being developed below the
diaphragm. With the further development of this bud, the
diaphragm is absorbed, the mouth of the zooecium again grow-
ing out into a long tube." In some dimorphic species, small
polymorphs which probably did not house feeding zoolds are
commonly sealed by terminal diaphragms (Borg, 1933, p. 289,

368). Large polymorphs are generally open, and closure
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probably follows the degeneration of a feeding zooid. Per-
haps external environmental stresses, e.g., seasonal varia-
tions, may induce closure. Iﬁ this case; nearly all zooecla
in the zoarium would probably be sealed, as is the case ob-

served in some zoarla of Ceriocava corymbosa Lamouroux (pl.

1, figs. 1d, f). Closure would provide some protection to
housed soft tissues. Presumably these tissues could survive
preriods of low nutrition until conditions improved, at which
time feeding structures could be regenerated and the pro-
tectlve cover plates resorbed.

Peristomial diaphragms are porous apertural closures.
These dlaphragms are characterized by the presence of a
single, large peristome (pl. 16, fig. 1g; pl. 18, figs. 1-3;
pl. 28, fig. 1e) which is the restricted skeletal aperture
and through which tentacles were probably protruded. The
peristome often extends orally from the surface of the dla-
phragm (pl. 24, fig. if).

Peristomial dlaphragms may be homolocgous to the struc-
ture in the Eleidae called an "opercule” by d'Orbigny (1854,
p. 606), or to the zooecial cover plates discussed by Levin-
sen (1912) in the eleid genus Meliceritites d'Orbigny. The

structures in Meliceritites, called opercula by Levinsen,

are probably terminal diaphragms. Viskova (1968, text fig.
16, p. 176) has figured a thick section of a zooeclal cover
pPlate in Brachysoecia grandls Viskova which 1is probably a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



peristomial diaphragm. Canu and Bassler (1922, 1926) re-
ferred to peristomial dlaphragms as "facettes perforated by
an aperture'.

When viewed in thin-section at relatively low magnifi-
cations, peristomial dlaphragms sometimes appear to pass
over zooecial walls. If so, they could not be true dia-
phragms but would rather be extrazooeclal structures depos-
ited by an outer membrane.

Peristomial diaphragms are interpreted here, however,
as true diaphragms, i.e., intrazoarial partitions, because
the diaphragms do not pass over the walls but are laterally
continuous with them. Most calcite was deposited by epith-
elial tissue aboral to the dlaphragm, but some calclte may
have been deposited by membranes oral to the diaphragm. In
any case, the peristomial diaphragms were probably deposlted
entirely by an interior membrane of the body wall (crypto-
cyst of Borg). The inferred development of peristomial dla-
phragms 1s illustrated in text fig. 4. Evidence to support
these interpretations is presented below:

1) Peristomial diaphragms do not pass over zooeclal walls.
Often only a thin apertural rim separates dlaphragms of
ad jacent zooecla (pl. 18, figs. 1, 2; pl. 19, fig. 3; _
pl. 23, fig. 1c; pl. 25, fig. 2b; pl. 31, fig. 2b). At
high magnifications, the rim is seen to be continuous

with the subjacent wall (especially pl. 19, fig. 3),
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Text figure 4 A-E. Diagrammatic profile showing inferred
development of peristomial dlaphragms. Shaded areas
are calcareous zooeclal wall and diaphragm; parzllel
lines indicate zooeclal lining and peristome wall;
cross-hatched pattern is basal layer and zooecial
walls of intrazoarial overgrowth; dark line labeled
OM is outer, cuticle-lined membrane; dashed line is
inner membrane; arrows indlcate sites of active cal-
carecus deposition by inner membrane; and ? indicates

questionable extent of inner membrane.
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but a disconformity separates the dlaphragm and rim
from the suprajacent basal layer (the basal layer is
the relatively structureless silicified material in
pl. 19, fig. 3; disconformity between diaphragm and
supra jacent basal layer is shown by black arrows in
pl. 26, figs. 1a, ¢, d; pl. 30, figs. 1a, b, 3; pl. 31,
figs. 1a, b, 2a, b).

2) Peristomial diaphragms are laterally continuous with
the ad jacent zooeclal wall (pl. 18, fig. 2; pl. 169,
fig. 2; pl. 25, figs. 2a, b; pl. 26, figs. 1lc, 4;
pl. 30, figs. 1a, b; pl. 31, figs. 1a, b, 2b). Contin-
ulty is often obscured in sections because the dia-
phragm and wall are separated by diaphragmal pores.

3) Peristomial diaphragms thicken through ontogeny. Thick-
ening 1s well shown in Haploecla straminea (Phillips).
When first formed near branch tips, peristomial dla-
phragms are thin (pl. 25, fig. 2b). Proximally from
branch tips or in encrusted branches, diaphragms are
thicker and generally more robust in appearance (pl.
26, fig. 1d). Change in thickness is also shown graph-
lcally in text fig. 12. 1If peristomial diaphragms had
been deposited as extra-zooecial structures by "single-
wall" deposition, thickness should remain constant ex-
cept as modified by secondary deposits of zooecial
lining interior to the diaphragm. Deposits of zooecial
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lining can be easily recognized because they seal off
the diaphragmal pores.

4) Indistinct laminations in calcareous tissue between
dlaphragmal pores form vague U-shaped patterns convex
aborally (pl. 18, fig. 1; pl. 26, fig. 1a). This pat-
tern indlcates that the depositing membrane was on the

aboral side of the diaphragm.

Interzooidal pores

The term interzooidal pore is equivalent to the terms
interzooecial pore, mural pore, communication pore, infund-
lbular pore, septulae, and canaliculi as used by other
authors. Interzooidal pores are canals through the calcar-
eous compound walls between adjacent zooids which connect
the body cavities of ad jacent zooids. Thils usage is slight-
1y modified from the definition given by Borg (1926a, p.
201).

Interzooidal pores are not equivalent in morphology
or function to pseudopores. Pseudopores pass through cal-
careous single walls and are bounded externally by cuticle
(see Borg, 1926a, text fig. 2, p. 193 ). Functionally,
pseudopores are thought to allow restricted communication
(L.e., of dissolved gases) to the exterior, whereas inter-
zooldal pores allow communication between ad jacent zoolds.

The nearly ubiqultous presence of interzooidal pores
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and thelr probable functlon was well known to several
authors in the latter part of the last century. In 1879,
Busk and Waters published separate observations on Recent
cerioporid species in which they commented upon interzooidal
pores. Busk (1879, p. 725) believed that the pores allowed
", . . the permeation of fluilds throughout the entire
zoarium'. Nicholson (1880, p. 332) noted the importance of
the findings of Busk and Waters, and (p. 421) compared the
structure of the pores to mural pores in the Favositidae,
noting that the interzooldal pores in cerloporids have
" . . . definite walls and dilated extremitles instead of
being mere circumscribed deficiencies in the wall".

Examination of the microstructure of the zooeclal
walls in cyclostomes shows that the laminae lining the wall
generally parallel the zooecial cavity untll they reach the
locus of the pore. Here the laminae do not stop abruptly,
but deflect and contour the outline of the pore. Deflection
of the laminae indicates that calcareous tissue was deposit-
ed by a secretory membrane which lined the pore; therefore,
the pore is conslidered a primary structure.

Most Paleozolc bryozoans have non-porous walls. In-
terzoolidal communication is limited to connections through
zoarial tissues outside of the apertures (Boardman and
Cheetham, 1969, p. 214). Ordovician and Silurian ceramo-

porids have communication pores (Utgaard, 1968a, b, 1969),
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but they do not appear to relate-structurally to the inter-
zooldal pores of post-Paleozoic cyclostomes. Most post-
Paleozoic bryozoans have porous walls. Waters (1884b, p.
676-7). believed that interzooidal pores were complete homo-
logues of the simplest of rosette plates among the cheilo-
stomes. The constriction observed by Waters, however, is
not a separate structure {pl. 5, figs. 1c¢, 3; pl. 6, figs.
2, 3b; pl. 30, fig. 3; pl. 5i. figs. 2a=-c), and interzooidal
pores differ anatomically from fhe interzooidal communica-
tions in the Gymnolaemata (see Borg, 1926a; Silén, 1944;
Banta, 1970).

The existence of soft tissues linlng the pores was
first noted by Busk (1879, p. 725), and later confirmed by
Harmer (1896) and Borg (1926a, p. 201-202). Most authors
believed that the interzooidal communlication was quite open.
Borg (1926a, p. 201), for example, wrote that, " . . . the
zolds (gicl in the Cyclostomata have a much more open com-
munication with each other than 1s the case in the Chello-
stomata and the Ctenostomata®. Harmer (1893, p. 213), how=-
ever, observed strands of funlicular tissue which passed
through the pores.

Protrusion of the polyplide is affected through in-
crease in turgor pressure acting upon the membranous sac
(Borg, 1923, p. 7-8). If the interzooldal pores are open,

increase in turgor pressure should be transmitted throughout
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the zoarium. Clark (1964, p. 104) considered this problem
and stated that, "The exlstence of restraints to polyplde
eversions 1s important since they permit the independent
eversion and retraction of polypldes which share a common
hydrostatic skeleton®. The restraints listed by Clark in-
cluded the polyplde retractors, relaxation of the vestibule
dilator muscles, and contraction of the vestlbular sphincter.

Preliminary examlnation of sections with both soft and
hard tlssues indicates that at least some pores are nearly
completely filled by a single large cell (pl. 51, fig. 2b,
¢). Sometimes the soft tlssue appears to be gonnected with
a tenuous network of connective tissue (pl. 51, fig. 2¢);
other pores seen in the same sectlon, however, appear to be
devold of large cells or connective tissue.

Interzooidal communication combined with the abllity
to secrete protective calcareous diaphragms, was probably
one factor in the success of post-Paleozoic cyclostomes. 1In
most Paleozolc bryozoans, the secretion of dlaphragms within
a zooeclum formed a series of closed chambers. Living soft
tissues were confined to a zone at the periphery of the
zoarium, defined and underlain proximally by the last-formed
diaphragm. Thlis skeleton would seem to have provided only a
supporting function analogous to that of a coralline calyx
with a relatively small protectlve potential. In post-

Paleozolc cyclostomes, however, living tissues capable of
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metabollc activities could be supported throughout the zoar-
ial framework because of the communication system of inter-
zooldal pores. This tlssue may provide a temporary internal
reservoir in time of stress when external conditions might
be unfavorable to the existence of most feeding zooids.

Under more favorable conditions, these underlying tissues
might support the proliferation of new feeding zooids allow-
ing the survlval of the cyclostome colony. Thus, post-Paleo-
zolc bryozoans, provided with interzooldal communications,
have a flexlbllity in reacting to environmental changes not

possessed by most Paleozolc bryozoans.

Zoarlal brood chambers

Occurrence and taxonomlic importance of zoarial brood
chambers have been discussed by Waters (18%0), Harmer (1897),
Canu (1898, 1899, 1918, 1919a, b), Canu snd Bassler (1930)
end Borg (1926a, 1933, 1944). Bexg (1933, ». 267-9, pl. 2,
figs. 1-3) demonstrated the presence ‘57 larvae in typlcal
brood chambers of Recent cerioporid species.

In cerloporids, zoarial brood chambers are large skel-
etal cavities found in exozones (pl. 1, fig. 1f; pl. 3, fig.
ic, 3; pl. 12, fig. 2¢; pl. 15, figs. 1lc, e, f; pl. 32, fig.
1g; pl. 34, fig. 2b). General structures are illustrated in
text fig. 5. The chambers have more-or-less complete floors

which are compound walls and which seal off most subjacent
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Text figure 5. Composite profile of abandoned brood chambers

in cerioporid cyclostomes.
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zooecia. The lateral walls are compound walls shared with
ad Jacent zooecia. The chambers are commonly covered by a
porous calcareous roof which is similar in appearance to the
terminal dlaphragms (pl. 6, fig. 3c; pl. 33, fig. 1; pl. 40,
figs. 1lc, d, e). The nature of the membrane exterior to the
brood chamber roof is presently unknown. Borg (1926a, p.
Lo7) states only that the calcified roof is " . . . a crypto-
cyst beneath the original thin gymnocyst®; thus, the pores
through the roof are not called pseudopores. If it could be
shown that pores are directly sealed by cuticle, then the
pores are pseudopores ln the sense of Borg. Following
abandonment, brood chambers are commonly submerged beneath
basal layers which advance from the compound lateral wall
and from which new zooecia bud and grow (pl. 3, fig. 1c;

pl. 32, fig. 1g; pl. 33, fig. 1). Coscinoecia retains a

continuous skeletal opening to the surface for some time
after it 1s initially overgrown. In most other cerioporid
genera, however, brood chambers are completely submerged.

In some genera, zooecia pass through the interior of
the chamber, appearing like supporting columns. These intra-
chamber zooecia often have thin-walled septate partitions
which extend laterally from them (pl. 32, fig. 1g; pl. 33,
fig. 1; pl. 51, fig. 1). The partitions commonly radiate
away from the central open area. The intrachamber zooecia

have thin compound walls. These walls were formed by back-
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to-back deposition from the zooldal membrane and the mem-
brane lining the brood chamber. The septate walls are thin-
ner, and were probably deposited by the brood chamber mem-
brane only (text fig. 5, pl. 32, fig. 1f; pl. 33, fig. 1).

Borg (1933, p. 269-70) believed that brood chambers
were formed by the secondary resorption of the walls of
zooecla adjacent to a fertile zooecium. If the chambers had
arisen through resorption, then the floor and wall of the
brood chamber would have been plastered over subjacent zooe-
cial walls unconformably. Thus, microstructures of the
zooecia and the brood chambers should be discontinuous and
marked in thin-section by a sharp boundary zone. The brood
chambers observed in this study, however, are primary struc-
tures. The floor and lateral walls of the brood chambers
are compound walls and structurally contlinuous with subja-
cent or adjacent zooecial walls (pl. 5, fig. 3c; pl. 12,
figs. 24, e; pl. 15, fig. 1h; pl. 33, fig. 1; pl. 40, fig.
1d). In addition, pores are sometimes seen to connect brood
chambers to adjacent zooecial chambers. These pores appear
in all respects as true interzooldal pores formed as primary
structures at the time the wall was deposited.

The compound growth of the partitions bounding the
brood chamber indicates that the chamber should be considered
as a zoarisl structure rather than an inflatlon of a single

fertile zooid (gonoecium). The zoarial membranes at aper-
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tures of numerous zooecla acted in concert to deposit the

floor. In Coscinoecia, poorly-preserved microstructure sug-

gests that the floor may have been formed by the progressive
ring-like growth of a terminal zooeciasl closure (pl. 15, fig.
ih). In some zooecia, intermediate diaphragms were secreted
subjacent to the floor (pl. 15, fig. 1h). 1In other genera,

the floor was initially a single continuous closure and depo-

sition continued on both sides.

Ve sasae e
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Systematic Descriptions

Order Cyclostomata Busk, 1852
Suborder Cerioporins von Hagenow, 1851

Genus Ceriocava d'Orbigny, 1854

Type species - Millepora corymbosa Lamouroux, 1821, p. 87,
pl. 83, figs. 8, 9, by subsequent designatlon of Gregory

(1896, p. 162).
Synonymy .

1821 pars Millepora Lamouroux, J. V. F., Exposlition
ﬁ??ﬁoﬁ!que des Genres de 1'Ordre des Polyplers, des

Zoophytes d'Ellis et Solander: Paris, p. 87, pl. 83,
figs. 8, 9.

1849 non Monticulipora d4'Orbigny, Alcide, Rev. Mag. Zool-
ogy, v. 1, ser. 2, p. 503.

1854 Ceriocava d'Orbigny, Alcide, Terrain Crétace Bryo-
Zalres: Paleonyolggie Francalse Description des
Animsux Invertébrés, v. 5, p. 1016,

1896 Ceriocava d'Orbigny. Gregory, J. W., Catalogue of
Fossil Bryozoa in the Department of Geology, British
- Musegm (Natural History), The Jurassic Bryozoa:
p. 162,

1922 Ceriocava d'Orbigny. Canu, Ferdinand, and Bassler,
R. S., United States Natl. Mus., Proc., v. 61, p. 90.

1935 Monticulipora d'Orbigny. Bassler, R. S., Fossilium
Catalogus, I, Pars 67, Bryozoa: p. 14, 69.

1953 Ceriocava d'Orbigny. Bassler, R. S., Treatise on
invertebrate Paleontology: Part G, Bryozoa, p. G70.

1953 non Monticullpora d'Orbigny. Bassler, R. S.,
Treatise on invertebrate Paleontology: Part G, Bryo-
zoa, p. G70.

Tentatlve diagnosis - Zoarla branching; branches having

strongly differentiated coaxlial endozone and exozone.
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Zoarlal surface smooth to montlcular.

In endozone, zooecial cross-sections markedly small
relative to those in exozone. Basal diaphragms widely
spaced.

In exozone, zooecial walls indlstinctly to distinctly
laminate. Laminae commonly forming broadly rounded to V-
shaped patterns pointing orally. Laminae merging obscurely
with structurally indistinct tlssue at zooecial boundary
zone. DBasal diaphragms more numerous and closely spaced

than in endozone. Terminal diaphragms common.

Taxa included - Only C. corymbosa Lamouroux, the type
specles, and C. multilamellosa Canu and Bassler were

studled. C. multilamellosa was deslgnated the type species

59

of Dendroecia by Cotillon and Walter (1953) and is reassigned

here to Haploecia because of the occurrence of peristomial
dlaphragms, mode of growth, and zooeclal wall structure.
The internal characters of other specles assigned to

Ceriocava are unknown to me.

Discussion - D'Orbigny listed thirteen speclies in Cerilocava

with no indication as to which were typical. Gregory
(1896, p. 162) designated C. corymbosa as the type species
because 1t 1s the first recognizable species in 4'Orbigny's
list, and because it 1s the ocldest and best known species.
Bassler (1934, p. 408) discovered that d'Orbigny
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(1854) had designated Monticulipora "frustulosa™ (Miche-

1in) (a misspelling for the trivial name pustulosa
Michelin, 1846) as the type specles of Monticullpora. (See
also Utgaard and Boardman, 1965, p. 112). Bassler (1935,
p. 151, and 1953, p. G70) listed Ceriopora pustulosa Miche-
1in, 1846 ( = Monticulipora "frustulosa®" d'Orbigny, 1854 )
as synonymous with Millepors corymbosa Lamouroux, 1821 (the
placement of Ceriopora pustulosa Michelin in synonymy under
Millepora corymbosa Lamouroux is not here evaluated because
of the lack of information concerning internal characters
of Michelin's species). Unfortunately, Bassler (1935) also
listed Ceriopora pustulosa as the type specles of Cerlocava.
This last action is illegal under provisions of the ICZN
because it violates priority in view of Gregory's earller
(1896) designation of Millepora corymbosa Lamouroux as the
type specles. Secondly, Bassler's designation violates
provisions concerning availabllity because Cerlopora
pustulosa did not appear in d'Orbigny's original list of
thirteen species of Ceriocava, and deliberately so since
he had elready designated it as the type species of Montic-
ulipora.

Because of his bellef that Ceriopora pustulosa was

the type specles of both Honticuliﬁafﬁ and Ceriocava,

Bassler (1935, p. 151) cited Ceriocava as a Jjunior synonym
of Monticulipora. In 1953 (p. G70) and without explana-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61
tion, Bassler reversed his earlier position and listed
Monticulipora as an objective synonym of Cerlocava.

At the petition of Bassler and Duncan, the ICZN
(1955, Opinion 443) designated Monticulipora mammulata
d'Orbigny, 1850, as the type species of Montlcullpora
d'orbigny, 1849. Thus at present, there 1s no Justifica-
tion for placing Monticulipora in synonymy with Ceriocava
or vice-versa, with or without regard to the conspecificity
of Ceriopora pustulosa Michelin and Ceriocava corymbosa
LamourouXx.

D'Orbigny established the genus Ceriocava in order
to distinguish " . . . tous les Ceriopora des auteurs
ayant une seule couche de cellules et des ouvertures
simples, représentant dans leur ensemble, une colonle
rameuse" (1854, p. 1015). Gregory (1896, p. 163) empha-
sized the ¥ ., . . thick, irregularly branching habit . . ."
and added information on some internal characters: "The
axis of the zoarium consists of fine zooecla densely
packed. The outer zone conslists of zooecla whlch are
usually reflexed and of much greater dlameter." Gregory
1llustrated a specimen of C. corymbosa, the type specles,
with numerous diaphragms in the endozone (text fig. 13,

p. 164). Canu and Bassler (1922, p. 90-2, text fig. 20,
P. 91) also described and illustrated thin sections of

this speciles. The illustrations clearly show numerous
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diaphragms in the endozone, and an increase of zooeclal
diameters in the exozone relative to the endozone. One
character not mentioned or illustrated 1s the occurrence
of basal dlaphragms in the exozone.

Ceriocava differs from Coscinoecia in having basal
diaphragms in the exozone, and in having a V-shaped lamlnar
structure and light-colored tissue 1n the outer exozone
which often narrowly outlines the zooecial boundary zone.
These genera differ in other characters such as detalls of
brood chambers, architecture, and occurrence of mural
spines; but these characters are tentatively considered
dlagnostic at the specific level.

Ceriocava differs from Beptonodicava in having
branched zoaria with well-differentiated coaxial exozone-

endozones, and in wall structure.
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Ceriocava corymbosa (Lamouroux), 1821

Plate 1, figures 1la-h; Pléte 2, figures l1la-h; Plate 3,
figures la-c¢, 2, 3;: Plate 4, figures la-e; Plate 5, fig-
ures la-c¢, 2, 3; Plate 6, figures 1, 2, 3a-c.

Iype - Lamouroux' specimens of C. corymbosa, originally
stored in the Museum at the Université de Caen, were prob-
ably destroyed during the invasion of Normandy in World War
II (fide Prof. L. Dangeard, Universite de Caen). Lamouroux
did not designate a holotype and no specimen 1ls known to

have been designated as the lectotype.

Iype 1oca11§zrand horizon - "Terrain 3 polypiers environ de

Caen® (Jurassic, Bathonien, Calvados, France).

Synonymy

1821 Millepora corymbosa Lamouroux, J. V. F., Exposition
Msthogique es Genres de 1'Ordre des Polyplers, des
Zoophytes d'Ellis et Solander: Paris, p. 87, pl. 83,
figs. 8, 9.

1854 Ceriocava corymbosa (Lamouroux), d'Orbigny, Alcide,

Terraln Crétace Bryozoalres: Pgléontologie Francalse
Description des Animaux Invertébrés, v. 5, p. 1016.

1896 Cerlocava corymbosa (Lamouroux), Gregory, J. W.,
Catalogue ot %ossIT Bryozoa in the Department of
Geology, British Museum (Natural History), the Jur-
assic Bryozoa: p. 163, 164, text fig. 13, p. 164.

1922 Ceriocava corymbosa (Lamouroux), Canu, Ferdinand, and
Passler, R. S., united States Natl. Museum, Proc.,
v. 61, p. 90, pl. 14, figs. 5, 6, 8, p. 91, fig. 20.

1965 Ceriocava corymbosa (Lamouroux), Cotillon, P., and

waiggg, Bruno, soc. Géol. France Bull.: v. 7, ser. 7,
D .
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Material studied - Thin-sections and acetate peels were

made from the following topotypes: MNHN IP2~-1, IP2-2, Bathe
onien, Ranville (Calvados), France; USNM 32164-1, -2, -3,
Bathonien, St. Aubin (Calvados), France; USNM 32181-1, -2,
-3; USNM 68941-1, =2, Bathonlen, Ranville (Calvados),
France. USNM 68941-1 was figured by Canu and Bassler,
1922, pl. 14, fig. 8 and USNM 68941-2, pl. 14, fig. 6.
Duplicate acetate peels are preserved in the National Mus-
eum of Natural History, Washington, D. C. and the author's

collection.

Description

Growth hablt - Branches are robust, and have sub-
circular to elliptical cross-sectlions. Monticules are
ridge-like to pustulose. Intrazoarlal overgrowths occur,
but are generally local in extent.

The exozone and endozone intergrade in a broad zone
of zooeclal bending. Endozonal zooecla grow approximately
parallel to the major branch axls for relatively long dis-
tances (pl. 4, fig. 1e). Orally from the zooecial bend,
zooecla are commonly rectilinear in growth and intersect
the zoarial surface at approximately 90°.

Branches are massively intergrown in axillary zones
distal to the bifurcation of branches (pl. 2, fig. 1h;
pl. 4, fig. 1b). In the axlllary zone, zooecia in each
new branch are recurved distally as the distance separating
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the growth surfaces of each branch approximates 1 mm. Dise
tally from this axlillary zone of bending, the zooecial walls
intersect obliquely. At the intersection the walls anasto-
mose, forming a continuous compound wall against which
zooecial chambers are pinched out (pl. 4, fig. 1b).

Zones of irregular zooecla were occasionally observed.
In one mode, zooecla are small in dlameter, thin-walled,
and irregular in growth direction (pl. 3, figs. 1b, 2), In
e second mode (pl. 3, fig. 1a), the zooeclia bud from a
diaphragm=like structure, sealing off subjacent zooeclal
cavitles. Superjacent zooecial walls are structurally con-
tinuous with the diaphragm-like structures.

Endozone - Zooecial walls show cyclic repetition of
structure (pl. 1, fig. 14; pl. 2, fig. 1h). In each cycle
(pl. 4, fig. le), individual zooecial walls are thin and
stralght to slightly undulatory for a relatively long dis-
tance. Distally, marking the boundary of the cycle, zooec-
1al walls are thickened annularly and form a zone parallel
to the growing tip of the branch. Zooecial cross-sections
are small and elliptical to subelliptical (pl. 2, fig. 1f).
Interzooidal pores were rarely observed. Zooecial walls
are dark in color and indistinctly granular with a thin
zooecial lining. Basal diaphragms (pl. 5, figs. 1c, 2)
are thin (less than .0016 mm), dark in color and commonly

convex aborally, and they flex orally to merge with the
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zooecisl lining.

Exozone - Zooecial walls are generally symmetrical
(less commonly slightly asymmetrical) in thickness across
the zooecial boundery zone (pl. 1, fig. 1g; pl. 5, fig. 2).

"~ Zooecial wal}smgenq;glly have distinctly moniliform pro-

files due, in part, to the occurrence of numerous, large
and widely-flared interzooidal pores (pl. 5, fig. 1c;
pl. 6, fig. 3b). Moniliform profiles are commonly oblate
to elliptical near the zooecial bend (pl. 3, fig. 1a), be-
coming alate to sagitate orally (pl. 3, fig. lc; pl. 4,
figs. 1¢c, d). Zooecial chambers are commonly subcircular
in cross-section. Mural spines are sabundant (pl. 5, fig.
3; pl. 6, fig. 2) to nearly absent (pl. 1, fig. ih).

Diaphragms - Terminal diaphragms are numerous. The
diaphragms are thick (table 4, TrlD-Th) and are commonly
seen to occur slightly aboral to the skeletal aperture
(pl. 1, figs. 14, f; pl. 2, figs. le, f; pl. 5, fig. la;
pl. 6, fig. 3a). The oral surfaces of the diaphragms are
generally planar, but the aboral surfaces are often uneven
(rl. 5, fig. 1la). The diaphragms sometimes ad join the
zooecial wall with slight flexure, or have relatively
thick aborally flexed abutments (pl. 5, fig. 1la; pl. 6,
fig. 3a). Diaphragms occasionally show slight flexure
towards the aperture (pl. 5, fig. la; proximal portion of
top diaphragm).
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Basal diaphragms are numerous and closely spaced
(see table 4, BaslD-Int; pl. 1, fig. 1f; pl. 2, fig. 1g;
pl. 3, fig. ic). The diaphragms are thin (less than .0016
mn) and slightly convex aborally, and they merge obscurely
with the zooecial lining (pl. 5, fig. 1c¢; pl. 6, figs. 3a,
b).

Brood chambers - Roughly oblate brood chambers were
observed in the exozone (pl. 1, fig. if; pl. 2, fig. 1g;
pl. 3, fig. 1c). The chambers are large; measurements of
the longest dimension parallel to the zoarial surface
(BrCh-Wth) and of the dimension normal to the zoarial sur-
face (BrCh-Dth) are given in table 4. The floor is com-
plete, but is plerced by occasional interzooidal pores
(pl. 6, fig. 3¢c). The porous roof is thick (table 4,
BrChRf-Th). Abandoned brood chambers are submerged beneath
a thin basal layer. 2Zooecia budding from the basal layer
are elther thick-walled with moniliform profiles and rela-
tively straight in growth, or they are thin-walled,

parallel-sided and irregular in growth (pl. 3, fig. 1iec).

Discussion - Unfortunately, the external characters of
Ceriocava corymbosa as figured by Lamouroux are not diag-
nostic. Later authors have referred to C. corymbosa, but
none had redescribed or refigured the type specimens prior

to their presumed destruction (see "Type" above). Under
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TABLE 5

OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN CERIOCAVA CORYMBOSA (LAMOUROUX )¥

-Circ. Ellip. Ov. Pyr. Polyg. Triang. Irreg.
Exozone
Regular 1
Sub 1k2 38 17
Irregular 2k 22 L
Endozone
Regular 1k 3 3
Sub 2 25 12 2 1
Irreguler 1 10 2

* Pstimates of exozone cross-sections were made from MNEN IP2-1 (50 zo-

cecia), IP2-2 (100 zooecia), USNM 32181-1 (3 zooecia), USNM 32181-2

(25 zooecia), USNM 689L41l-2 (25 zooecia) and USNM 3216L4-2 (25 zooe-

cia). FEndozonal zooecial shapes were estimated from MNHN IP2-2

(25 zooecia), USNM 32164-2 (25 zooecia) and USKNM 68941-2 (25

zooecia).
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Text figure 6 A-D. Histograms and cumulative curve from

A.

three topotypes of Cerlocava corymbosa (Lamouroux).
Normal to maximum cross-sectlonal dimension of a
zooeclal chamber.

Ratio of the maximum cross-sectlonal dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooeclal chamber.

Compound zooeclal wall thickness.

Count of interzoolidal pores per zooeclal cross-

section.
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such circumstances, the asslignment of specimens to Lamour-
oux' specles and continued usage of the name is open to
some question. The species concept, however, is reasonably
conslstent from author to author as seen in the descrip-
tions and illustrations of Gregory (1896, p. 164-5, text
fig. 13, p. 164), Canu and Bassler (1922, p. 90-92, text
fig. 20, p. 91, pl. 14, figs. 1-8; 1929, p. 115, pl. 1,
figs. 4, 5) and Cotillon and Walter (1965, p. 935).
Furthermore, specimens examined by Gregory and Canu and
Bassler were collected from the type locality, and the
authors clted above considered internal characters in their
dlagnoses. For these reasons, and for the purpose of
stabllity, the continuation of C. corymbosa (Lamouroux)

seems Jjustified.

Remarks concerning mode of ggbwth - Zoarla of C. corymbosa

exhlblt the typlcal coaxial exozone and endozone mode of
growth of most large ramose Stenoclaemata. Also, the per-
1odic annuler thickening of the zooeclal walls in the endo-
zone 1ls essentially similar to cyclic growth phenomena
demonstrated in other stenolaemates, such as in three
living cerioporid species (Borg, 1933), two Devonian trep-
ostome species (Boardman, 1960) and in the Upper Paleozolc
trepostome, Tabulipora Young (Gautier, 1970). Intrazoarial
overgrowths were observed only in localized areas, and do

not appear to play a major role in zoarial increase. One
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specimen of C. corymbosa was found which completely en-
crusts a branch fragment of Haploecia straminea (Phillips).

The formation of an axillary zone of intergrown zooe-
cla presumably functions to strengthen the colony. The re-
curvature and anastomosing growth of zooecla is not unique
to C. corymbosa, but was also observed at the oblique inter-
section of distally growing branches of Haploecia multi-
lamellosa (Canu and Bassler) and Parlelosoecia jacksonica
Canu and Bassler. R. S. Boardman (pers. comm, 1971) states
that zooecial recurvature 1s typical of trepostomes in the
same situation.

The recurvature of zooeclia suggests that the initial
stimulus for change in growth habits 1s related to the
proximlity of zooecla growing towards each other from each
new branch. Possibly the stimulus is provided by direct
contact of soft tissues. Recurvature, however, begins when
zooecla are separated by as much as 1 mm; thus, if direct
contact provides the stimulus, contact would be limited to
the tips of tentacles.

The mode of anastomosis is similar to that seen in
Parlelosoecla Jacksonica in that zooecla growing towards
each other tend to become recurved, and to approach the
surface of contact obliquely. 1In both specles, zooecia
form compound walls of anastomosis with opposing zooecia,

and individual zooecia are pinched out as growth continues.
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Anastomosls of zooecla, however, commonly occurs at the
Juncture of two dlstally growing branches in P. jacksonica
rather than following the bifurcation of a single branch
into two branches. Also in P. Jacksonica, the zooecial
walls of intersecting zooeclia become thin-walled and
parallel-sided prior to merger. 1In C. corymbosa the zooec-
ial walls remain thick-walled and have moniliform profiles
up to the merger of intersecting zooecial walls., In addi-
tion, in C. corymbosa the new wall formed at the zone of
intersection 1s moniliform in profile and thick-walled (pl.
4, fig. 1b).

Irregularities in budding habit and zooecial appear-
ance occur locally in the exozone in C. corymbosa. In one
mode, new zooecla are budded from thick diaphragm-like
structures which seal off subjacent zooecia (pl. 3, fig.
la). In a second mode, normally appearing zooeclal walls
terminate and are followed by irregularly oriented, thine
walled zooecla. Although the zooeclal chambers appear to
be continuous from normal to irregular zooecia, the zooec-
lal walls are discontinuous and the walls of irregular
zooecla are contlnuous with adjacent zooeclial walls (pl. 3,
fig. 2). These irregularities are interpreted as a
speclallzed zoarial response to disease or trauma by which
zoarial growth may proceed. If so, this differs from other

specles in which zoarial repalr 1s affected by the extension
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of a basal layer over dead portions of the zoarium, e.g.,
Reptonodicava (pl. 43, fig. 3a, b; see also Boardman, 1960,
p. 39).
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Genus Ceriopora Goldfuss, 1826

Type species - Ceriopora micropora Goldfuss, 1826, p. 33,
pl. 10, figs. 4a, d, by subsequent designation of Gregory

(1896, p. 195).

Synonymy
1826 pars Cerg%gora Goldfuss, G. A., Petrefacta Germaniae:
ve 1, P. .

1830 pars Cerlopora Goldfuss. DeBlainville, H. M. D.,
Zoophgtes: Dictionnaire de Sclence Naturelles, v. 60,
p. 378.

1834 pars Ceriopora Goldfuss. DeBlainville, H. M. D.,
Manue d'Actinologie ou de Zoophytologie: p. 413.

1851 pars Ceriopora Goldfuss. Von Hagenow, Friedrich,
Die Bryozoen der Maastrichter Kreldeblldung: p. 52.

1851 pars Heteropora de Blainville. Von Hagenow, Fried-
rich, Die Bryozoen der Maastrichter Kreidebildung:
De 52.

1896 pars Cerliopora Goldfuss. Gregory, J. W., Catalogue
Fossll Bryozoa in the Department of Geology,

British Museum (Natural History), The Jurassic
Bryozoa: p. 195.
1909 rs Ceriopora Goldfuss. Gregory, J. W., Catalogue
ossil Bryozoa 1n the Department of Geology,
Britlsh Museum (Natural History), The Cretaceous
Bryozoa: v. 2, p. 156.

1953 Ceriopora Goldfuss. Bassler, R. S., Treatise on
Invertebrate Paleontology: Part G, Bryozoa, p. G57.

1953 non Reptonodicava d‘'Orbigny. Bassler, R. S.,
Treatlse on Invertebrate Paleontology: Part G,

Bryozoa, p. G57.

Tentative diagnosis - Zoaria massive with radial growth
habit modified by development of major growth axis.
Zoarial increase in part by repetitive, but irregularly
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occurring, intrazoarial overgrowth. Endozone commonly re-
stricted to portions of zooecla Jjust adjacent to basal wall
of intrazoarial overgrowths. In exozone, zooecial walls
exhibiting variable repetition of thin-walled and thick-
walled phases.

In thin-walled phase of exozone, zooeclial wall
granular to indistinctly laminate. In thick-walled phase,
zooecial walls distinctly laminate, laminae arching orally
convex, continuous across zooecial boundary zone. Light-
colored granular tissue commonly forms small, rounded
masses 1n outer cortex.

Intermediate diaphragms occurring in zooeclia sub-

Jacent to intrazoarial overgrowths.

Taxa included - Based on observations of internal charac-
ters seen in the primary types and identifled specimens
from the type localities, the following speclies originally
included 1n Ceriopora by Goldfuss are considered to be
correctly assigned to other genera: Ditaxla anomalopora
(Goldfuss), Heteropora cryptopora (Goldfuss) and Zonopora
spiralis (Goldfuss). Based on observations of the internal
characters seen in identified specimens from the type
locallity, C. globosa Michelin is considered to be correctly
asslgned to Reptonodlcava. Based on the observation of
internal characters seen in identifled specimens, C.

dlchotoma Goldfuss 1s tentatively referred to as Grammasco-
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ecla. The internal characters of other specles assigned by

others to Ceriopora are unknown to me.

Discussion - Goldfuss (1826, p. 32) erected the genus
Ceriopora and assigned twenty-elght new specles to it. He
did not designate or indlcate a type specles. Gregory
(1896, p. 195) listed the type species as C. micropora
Goldfuss without comment, but later (Gregory, 1909, p. 156=-
7) he indicated that his designation of lectotype followed,
in part, the previous restrictions of de Blainville (1830)
and d'Orbigny (1854).

The concept of Ceriopora was based largely on two
external characters (see Gregory, 1909, p. 156-158 for an
excellent review of development of the generic concept in
the last century):

1) Aperture size - de Blainville (1830, p. 378) separated
Heteropora from Cerlopora. He stated that two kinds
of zooecla could be recognized in Heteropora. Each
polymorph was characterized by the size of its aper-
ture. Thus, de Blainville implied that only one kind
of zooecium could be recognlized in Cerlopora. This
generic distinction was followed by d'Orbigny (1854,
p. 1029), Gregory (1896, p. 195, and 1909, p. 156),
Canu and Bassler (1920, p. 678) and Bassler (1953,

p. G67). The concept of one kind of zooecium based
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on the size of the aperture was referred to as "mono-
morphlic", or "lacking mesopores" by authors after
d'Orbigny. The continued use of this character as
generlcally dlagnostic does not appear to be justi-
fied, however, because the frequency distributions of
cross-sectional dimenslons of zooecial chambers made
from the type specimens of both Ceriopora micropora
Goldfuss and Heteropora cryptopora (Goldfuss), their
respective type species, are unimodal, and approach
a normal distribution (text figs. 74 and 14a).

2) Intrazoarial overgrowth - species with overgrowths
have been referred to as "multilamellar" (Canu and
Bassler, and Gregory), or "plusiers couches super-
posées" (d'orbigny). Overgrowths can often, but not
invariably, be recognized on the external surfaces of
zoarla, especially when the surface is slightly worn.
De Blainville (1830) and d'Orbigny (1854) believed
that zoaria of Ceriopora were composed of several
overgrowths. D!'Orbigny's earlier position was foll-
owed by Canu and Bassler (1926, p. 19) and Gregory
(1909, p. 157). Gregory noted that "a certain amount
of marginal lamellation must be expected in massive
Bryozoa". (Ceriopora, as based on observations of the
type specimens, does have intrazoarial overgrowths

and would thus be multilamellar in the sense of
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de Blainville and d'Orbigny (1854).

The mode and amount of intrazoarial overgrowth 1s
apparently a useful taxonomic character. The mode of
growth shown in the type species of Cerioporas is inter-
mediate in appearance between Reptonodicava and Heteropora.
The type species of all three genera show a reduced endo-
zone, apparently restricted to the proximal-most portion
of encrusting zooecia, budding from a basal layer. All
three are erect, massive, and globular to subramose 1in

appearance. In Heteropbié, intrazoarial overgrowth plays

an important role in zoarial increase. The zoarium is
composed of nested intrazoarial overgrowths connected by a
few zooecla with continuous zooecial chambers, but the
zooecial walls from subjacent to superjacent growth
commonly show some evidence of discontinuity of growth,
such as great reduction in size and separation by a dark
line.

In the type species of Beptonodicava overgrowths are
rare, covering only a few zooecia at most, and zooecia
commonly grew continuously in all directions for very long
dlstances.

In the type specimen of Cerlopora intrazoarial over-
growth plays an intermedlate role relative to Hetefbgora and

Regtonodicava.
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Gregory (1896, p. 95) included the statement, "Dia-

phragms horizontal, numerous", in his diagnosis of Cerio-
pora. This inclusion was based on his study of thin sec-
tions of Jurassic specimens which he assigned to Ceriogéra
globosa Michelin. The ilnternal characters of C. globosa
Michelin are sufficiently different from those of C. mic-
ropora to separate both in different genera. Bassler (1935,
p. 186) designated C. globcsé Michelin as the type species
of Reptonodicava, but indicated that Reptonodicava was a
synonym of Ceriopora. R. globosa does have numerous,
closely spaced basal dlaphragms, and the reference to
numerous diaphragms in the definition of Cerlopora was re-
iterated by Canu and Bassler (1920, p. 678) and Bassler
(1953, p. G67). Diaphragms occur in the lectotype of

C. micrepeora, but they are intermediate diaphragms and no
more than one was cbserved to occur within a single zooec-

1um. unlike the numerous basal dlaphragms typically seen
in B. globosa.

Remarks on wall structure - Light-colored, optically nearly
structureless tissue in the zooecial wall is interpreted
as being originally granular. The cortex of the zooeclal
walls in the endozone and thin-walled exozone portions are
composed almost completely of granular tissue. Lamination

becomes increasingly distinct in the thick-walled portioms,
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and light-colored tissue ls restricted to discontinuous
bodles in the outer cortex alternating with, and surrounded
by, laminated tissus. Masses of light-colored tissue
bounded conformably by laminate tissue probabvly represent
originally granular tissue (pl. 9, fig. ib - lower, thin-
walled portion of zooecial wall in center - 1c¢). Masses of
light-colored tissue which cut across laminae are inferred
to be recrystallized from originally (at least in part)
laminate tissue (pl. 9, fig. ib - upper, thick-walled
portion of zooeclal wall in center).

The wall structure is similar to that seen in
Coscinoecia radiata Canu and lLecointre (pl. 14, figs. 1le,

f; pl. 15, fig. 1g).
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Ceriopora micropora Goldfuss, 1826
Plate 5, figures la-f; Plate 6, figures la-f.

Iype - UB 119 1s deslgnated as the lectotype. This speci-
men was figured by Goldfuss (1826, pl. 10, figs. 4a, 4),
von Hagenow (1851, pl. 5, fig. 13 as Heteropora crassa von
Hagenow, 1851), Voigt (1953, pl. 2, fig. 13 as Pennipora
beyrichi Hamm, 1881), and here (pl. 5, figs. la-f and pl. 6,
figs. 1a-f).

Iype locality and horizon - "St. Petersberge bel Maastricht

[Limbourg, Netherlandsl, aus dem Mergel bel Essen an der
Ruhr [Federal Republic of Germanyl, und aus der Conchilien-
breccie in der obern Schicht der Kreide von Cleom bei
Nentu". Locality data was not listed with the figures, and
von Hagenow (1851) apparently did not find any locality
data with the specimens. Commonly, Ceriopora micropora 1is
listed as a Maastrichtian fossll from Maastricht, Nether-
lands. HMany specimens from the area of Maastricht, extern-
ally -similar to the lectotype, were sectioned. -On the basis
of internal characters, these specimens were assigned to
Heteropora cryptopora or to two other specles referable to
other genera perhaps unnamed at present. Thus.‘refe;ence
of g: micropora to Maastrichtian at Maastricht, Nether-

lands, should be consldered questionable.
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Synonymy

1826  pars Ceriopora micropora Goldfuss, G. A., Petre-
facta Germaniae: v. 1, p. 33, pl. 10, figs. 4a, 4;
not figs. 4b, c.

1830 Ceriopora micropora Goldfuss. De Blalnville,

H. M. D., zZoophytes: Dictionnaire de Science Natur-
elles, v. 60, p. 378. -

1834 Ceriopora micro ora Goldfuss. De Blainville,
H. M. D., Manueg dTActinologie ou de Zoophytologle:

p. 413.

1851 ars Ceriopora micropora Goldfuss. Von Hagenow,
Friedrich, Die Bryozoen der Maastrichter Kreldebild-

ung: p. 52, pl. 5, fig. 13.

1909 pars Ceriopora micropora Goldfuss. Gregory, J. W.,
Catalogue of Fossil Bryozoa in the Department of
Geology, British Museum (Natural History), The
Cretaceous Bryozoa: v. 2, p. 158=-161.

1953 pars Pennipora beyrichi Hamm, 1881. Volgt, Ehrhard,
Geol. Staatsinst. Hamburg, Mitt., Bd. 22, p. 58,

61, 62, pl. 2, fig. 4.

Material studied - The lectotype UB 119 was borrowed from

Geol.-Paleont. Inst. Bonn University, West Germany. Three

thin-sections and three acetate peel replicas on a single

acetate slide were prepared. Much of the specimen remained
after sectioning. Duplicate acetate peels are preserved in

the National Museum of Natural History and the author's

collection.

Description of the lectotype - This description 1s based

solely on the lectotype, the only specimen of C. micropora
known to be available for study. This description includes

assessment of non-genetic variation within this colony. No
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assessment of genetic or other interzoarial varlation with-
in C. micropora is implied in this description.

Endozone - The zooeclal walls are undulatory to
stralght and thin (about .007 to .012 mm). The walls have
a granular cortex and a thin, dark zooecial lining (pl. 5,
fig. 1d; pl. 6, figs. 1la, f).

Exozone - In the thin-walled exozone phase, zooeclal
walls are commonly thickened symmetrically across the
boundary zone, and are submoniliform in profile. Monlll
are generally clavate to fusiform. Interzooidal pores are
rare. Zooecial walls are homogeneous to slightly granular
with a thin zooecial lining.

In the thick-walled exozone phases, zooeclal walls
are thickened symmetrically to asymmetrically across the
boundary zone, and have moniliform cross-sections. Succes-
sive monili are commonly unegual in length and thlckness
(pl. 6, figs. 1la, f), and sometimes show abrupt changes in
growth direction among the monili (pl. 6, fig. 1le). Zooec-
ial chambers are commonly subelliptical in cross-sectlon,
but show great variability (table 7). Interzooidal pores
are numerous (text fig. 7D).

Diaphragms - Intermediate dlaphragms are occasionally
observed, up to one per zooecium. The diaphragms commonly
occur about .1-.2 mm aboral to zooecial apertures, and sub-

jacent to intrazoarial overgrowths (pl. 6, figs. 1c¢, f).
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The oral surfaces of the diaphragms are generally planar;
the aboral surfaces are planar to strongly convex orally,
and sometimes have an aborally flexed abutment which tapers
into a short zooecial lining (pl. 6, figs. 1c, f). Dia-
phragms are highly variable in thickness (table 6, IntD-Th).
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TABLE 7

91

FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN CERIOPORA MICROPORA GOLDFUSS

Circ. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

Exozone

Regular 17 T

Sub 2 38 8 | 3

Irregular 3 10 2
Eadozone

Regular y L

Sub 1 10 b 1l

Irregular 1
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Text figure 7 A-D. Histograms and cumulative curve from

c.

the lectotype of Ceriopora micropora Goldfuss.

Normal to maximum cross-sectlonal dimension of a
zooecial chamber.

Ratio of the maximum cross-sectional dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooeclial chamber.

Compound zooecial wall thickness.

Count of interzooidal pores per zooeclal cross

section.
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Discussion -~ Designation of UB 119 as the lectotype agrees
with restrictions first made by de Blainville (1830,
p. 378) and, in part, with restrictions in reference to
fig. 4d, but not fig. 4a made by von Hagenow (1851, p. 52)
and followed by Gregory (1909, p. 159-60) and Voigt (1953,
p. 58-62).

Von Hagenow (1851, p. 48, 51) stated that he had
studied three specimens which he bellieved were the original
specimens before Goldfuss when he described Ceriopora
micropora. The three specimens were attached to a small
tablet ("Tafelchen') found in the Bonn Museum. Two were
syntypic, as they were clearly 1dent1fiable.w1th the speci-
mens figured by Goldfuss; the first as pl. 10, fig. 4a =
UB 119, and the second as pl. 10, figs. 4b and c¢. Von
Hagenow was of the opinion that neither of these two speci-
mens was conslstent with the concept of C. mlcropora. He
was able to demonstrate that the specimen figured by Gold-
fuss as pl. 10, figs. 4b and ¢ was a sponge, and he

assigned UB 119 to his new species Heteropora crassa.

Von Hagenow bellieved that the third specimen on the
small tablet and Goldfuss' pl. 10, fig. 4d were consistent
Wwith the concept of C. micropora, and referred to both the
specimen and the figure.as the name-bearer for C. micropora.
Furthermore, von Hagenow believed that Goldfuss had taken
the magnified view (pl. 10, fig. 4d4) from the third speci-
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men; but as Gregory (1909, p. 160) noted: "Von Hagenow ad-
mitted an element of doubt in reference to fig. 44."
Gregory (1909, p. 159-60) and Voigt (1953, p. 61-62)
have accepted von Hagenow's restrictions and designation.
Voigt (1953, p. 58-64), however, believes that UB 119 is not
conspecific with H. crassa von Hagenow but is asslignable to

Pennipora beyrichl Hamm, 1881. These contentions are not

here evaluated because of the present lack of knowledge
concerning the internal characters of the respective types.
Consideration of characters revealed in thin-sections of
specimens hitherto considered to be assignable to named
species of such genera as Ceriocava, Ceriopora, Heteropora,
Regtomultiééva, and Reptonodicava, suggests that external
characters are generally not dlagnostic at the generic and
family, and often not even at the speclies level.

For reasons listed below, von Hagenow's contention
that fig. 44 of Goldfuss was taken from the specimen fig-
ured by von Hagenow (1851, pl. 5, fig. 4) is rejected.

1) Goldfuss clearly indicated that pl. 10, figs. 42 and
44 vere made from the same specimen by connecting them
with a dashed line. Goldfuss and other authors com-
monly used the convention of connecting different views
of the same specimen by a dashed line. Von Hagenow
demonstrated that figs. 4b and 4c of Goldfuss' pl. 10

were different views of the same specimen; both views
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were connected by a dashed line. Figs. 4a and 44
should be considered as different views of UB 119 un-
less very strong evidence to the contrary were to be
offered.

2) The lectotype is close enough in appearance for accept-
able comparison with the magnified and somewhat ideal-
ized view of the surface as figured by Goldfuss (pl.
10, fig. 44).

3) Von Hagenow was himself not positive of equating the
Goldfuss figure (pl. 10, fig. 4d) with the third speci-
men on the card (von Hagenow, pl. 4, fig. 5), and
von Hagenow emphasized that only the figure by Gold-
fuss and the third specimen fitted the concept.

As outlined above, von Hagenow ls believed to have
made a mistake in equating the specimen he figured as
pl. 5, fig. 4, with pl. 10, fig. 44 of Goldfuss, and thus
he designated two specimens to be the name bearer. Von
Hagenow's elimination of the sponge specimen (Goldfuss,
pl. 10, figs. 4c, d4d) from consideration is here followed,
and the lectotype 1s designated as the remaining figured
specimen, UB 119 figured by Goldfuss (pl. 10, figs. ba and
4d).

Remarks on enlgmatic structures - A single, unusual

diaphragm-like structure was observed in the transverse
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section and is illustrated in pl. 6, fig. 1c. This struc-
ture, known only from a single profile view, apparently
forms a hollow, tube-like structure within the zooecial
chamber which flares, and is attached by its oral and ab-
oral extremities to the zooecial wall. The structure 1s
congidered to be primary because of its structural contin-
ulty with the zooecial wall.

Cross-sections of two large chambers were observed
in tangential section (one is figured in pl. 8, fig. 1d).
The cross-sectional dimensions are more than twlce as long
as the largest zooecla observed (table 6), and are inter-
preted as interzooeciasl structures. The walls are unbro-
ken, and are interpreted as primary in origin. The only
large primary chambers in other cerioporids are thought to
be brood chambers. In lieu of better evidence, these
inter-zooecial spaces in C. mlcropora are interpreted as

brood chambers.
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Genus Corymbopora Michelin, 1846

Type species - Corymbopora menardi Michelin, 1846, p. 213,

pl. 53, fig. 10 by monotypy.

Synonymy

1846 Cog%gbogora Michelin, Hardouln, Iconographie Zoo-
phytologlque, description par localités et Terrains
des Polypiers Fossiles de France et pays environ-
nants: p. 213.

1850 pars Fasciculipora 4'Orbigny (1846). D'Orbigny,
Alcide, Proarome de Paleontologie stratigraphique
Universelle: v. 2, p. 177.

1854 Corymbosa d'Orbigny, Alcide, Terrain Crétace Bryo-
zoglres: Paleontologle Francalse Description des
Animsux Invertebres, v. 5, p. 691.

1890 pars Fasciculipora 4'Orbigny (1846). Pergens,
Edouard, Soc. Belige Geol. Paleont. Hydrol. Bull.,

v. 3, p. 377.

1909 Corymbopora Michelin. Gregory, J. W., Catalogue of
Fossil Bryozoa in the Department of Geology, British
Museum (Natural History), The Cretaceous Bryozoa:

v. 2, p. U45.

1916 non Corymbopora Lang, W. D., Ann. Mag. Nat. Hist.,
v. 13, ser. 8, p. 382.

1919 Corymbopora Michelin. Canu, Ferdinand, Soc. Geol.
France Bull., v. 17, ser. 4, p. 348.

1953 Corymbopora Michelin. Bassler, B. S., Treatlse on
Invertebrate Paleontology: Part G, Bryozoa, p. G70.
Tentative diagnosis - Zoarle branched. Zooecia dimorphic.
Large zooecla relatively long, growing parallel to branch
axlis, and opening only at distal growlng tips of branches.
Small polymorphs short, budding obligquely from walls of
most laterally-disposed zooecla in branch. Apertures of

small polymorphs cover side of branch.
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Zooeclal walls of large polymorphs granular to in-
distinctly laminate.

Zooeclal walls of small dimorphs indistinctly lamin-
ate. In zooeclal wall, between longitudinally adjacent
small polymorphs, laminae form saddle-shaped configurations
which arch orally convex longitudinally, but sag trans-
versely, forming aborally convex arches. In zooeclal wall,
between laterally adjacent small polymorphs, laminse di-
verge orally at low angles from zooecial boundary zone.

Both intermediate and basal dlaphragms occur.

Taxa included - The internal characters of C. neocomiensis

d'0rbigny, based on an examination of topotype specimens,
.are consistent with the concept of Corymbopora.

Fungella, as based on an examination of lidentified
specimens of the type species F. dujardini von Hagenow, 1s

closely similar to Corymbopora in growth hablit and, per-

haps, other characters. Assessment of these apparent
similarities must await a more detailed examination of
types, or at least topotypes, of F. dujardini. Internal
characters of other specles assigned to Corymbopora are

unknown to me.

Discussion - D'Orbigny (1854, p. 689) recognized dimorphism
in Corymbopora: "Chaque branch est terminée par un gros

falsceau de cellules verticales . . . La parol externe des
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faisceaux est partout criblée en long, de nombreux pores

intermediaires par lignes longitudinales"”. Gregory (1909,

P. 44) noted that there were two sizes of zooecia, but
stated that "the sides of the stem are covered by an epi-
zoarial layer, marked by numerous pores, the remnants of
the aperture of dead zooecia'.

D'0Orbigny (1850) and Pergens (1890) synonymized
Corymbopora with Fasciculipora d'Orbigny (1846). D'Orb-
igny (1854) recognized Corymbopora and Fasciculipora, but

assigned both to the family Fasclporidae d'Orbigny. Greg-
ory (1909) included Corymbopora in the Fascigeridae d'Orb-
igny in which he also included Fasciculipora. Borg (1926a)

included the genera Domopora and Defrancia in the famlly
Corymboporidae Smitt. Furthermore, Borg (1926a) assigned

the Corymboporidee and Fasciculipora to his Division 2, the

Acamptostega (approximately equivalent to the Suborder
Tubuloporins Milne-Edwards, 1838), which are characterized,
in part, by single-walled growth of zooecial walls and
pseudopores.

In all of the above genera, growth habit is similar
in that large zooecla grow nearly parallel to the growth
axis of the branch throughout their length, and apertures
are located only at the distal ends of branches. On the
other hand, pseudopores, not small dimorphs, are reported

in Fasclculipora (Borg, 1926a, p. 19). The internal
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characters of Domopora and Defrancia are practically un-
known, but 1llustration of external features of these
genera (Borg, 1926a, text fig. 49, p. 300; text figs. 79-
80, p. 378; text figs. 83-85, p. 383) do not show the
presence of small dimorphs characteristic of C. menardi
Michelin, nor were they reported.

The wall structure observed in Corymbopora is consis-
tent with Borg's double~walled concept, but Corymbopora,
as presently understood, is not easily assignable to Borg's
double-walled groups, the Pachystega ( = Horneridae), or
the Calyptrostega ( = Lichenoporidae). The author has
followed Bassler (1953) in discussing Corymbopora with
other genera assigned to the Cerioporina ( = Heteroporina
of Borg), the third group consistent with Borg's double-
Wwalled hypothesis. Thin-sections of specimens assigned to
Fungella and Corymbopora neocomiensis Canu and Bassler
reveal small dimorphs covering the stem, and other struc-
tures suggesting affinity with C. menardi., Detalled study
of these species and others is needed before a formal tax-
onomic action 1is made, such as possible reassignment of
specles and erection of a new group equivalent to Borg's

other double-walled divisions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



101
Corymbopora menardi Michelin, 1846

Plate 10, figures 1a-c, 2, 3a-d, 4a-b; Plate 11, figures

la-c, 2, 3a=-b; Plate 12, figures 1, 2a=~c.

Type - A holotype was not deslgnated by Mlichelin, nor has
8 lectotype been designated since. Michelin's primary
types are thought to have been originally placed in the
Caen Museum, or possibly the Muséum National d'Histoire
Naturelle. The museum at Caen was destroyed in the Second

World War, and none of Michelin's specimens of Corymbopora

menardi have been found in the collections of the Museum

National d'Histoire Naturelle (pers. comm. E. Buge, 1969).

Type locality and horizon - Le Mans (Sarthe), France,

Cretaceous, Cenomanien.

Synonymy

1846 Corymbopora menardi Michelin, Hardouin, Icono-
graphle Zoophytologique, description par loceslites
et Terrains des Polypliers Fossiles de France et
pays environnants: p. 213, pl. 53, fig. 10.

1854 Corymbosa menardi Michelin. D'Orbigny, Alcide,
Terraln Crétaceé Bryozoaires: Paleontologle Frangalse
Description des Animaux Invertebrés, v. 5, p. 691,
Pl. 7“’“" flss. 7-120 Objo Syno

1909 Corymbopora menardl Michelin. Gregory, J. W.,
Catalogue of fossil Bryozoa in the Department of
Geoleogy, British Museum (Natural History), The Cre-
taceous Bryozoa: V. 2, p. 45.

Material studled - Prof. E. Buge kindly made available

specimens collected by Ferdinand Canu from the topotype

locality. The sulte of specimens contalns a single, nearly
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complete zoarium, MNHN Canu Coll. 57057-1; and a number of
zoarial fragments, MNHN Canu Coll. 57057-2. Thin-sections
and acetate peels were made of six specimens from MNHN Canu
Coll. 57057-2. The original labels indicate that the speci-
mens were collected from "Cenomanien, Le Nans" (Sarthe),
France, the type locality. The specimens, MNHN Canu Coll.
57057-2, are labeled as "Fascicullpora (Corymbosa) menardi

d'0orb." In addition, thin-sections and acetate peels were
prepared from four specimens in the United States Natlional
Museum collection. The specimens, USNM Loc. 2947, were
collected from the type locality. Duplicate acetate peels
of all specimens sectioned are preserved ln the United
States National Museum collection and the author's collec-

tion.

Description

Mode of growth - Zoaria are small (see table 8,

Zr-Ht, Zr-Wth); branching is dichotomous, producing a
delicate, arborescent architecture. Branches have circular
cross-sections, but expand distally to form capltate dlstal
tips (pl. 7, fig. 1b) with circular to elliptlcal cross-
sections (pl. 7, fig. 1a).

Endozone - Zooecis have thin, parallel-sided walls
which are locally undulatory but, in general, grow parallel
to the growth axis. Walls are homogeneous to subgranular

and have thin, dark-colored zooeclal linings.
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Exozone - Remnant, thick-walled growth phases are
seen 1n the capitular growlng tips. Theﬁ are commonly
located just proximal or distal to a brood chamber (pl.
10, fig. 3b). The zooecial walls are annularly thickened.
The thickenings are roughly symmetrical across adjacent
zooecla forming a zone parallel to the zeoarlial surface
(pl. 10, fig. 3b). Longitudinally, the zooecial walls
have moniliform profiles, symmetrical in thickness across
the boundary zone. Thick-walled zones are thin, and com-
monly have one to four monilar thickenings longitudinally.

Small polymorphs - Apertures of small polymorphs are
arrayed in longitudinal rows on the branch surface. The
portion of the zooecial walls between transversely adjac-
ent zooecla forms prominent ridges parsllel to the growth
axis of the branch (pl. 10, figs. 1b, 2). Small polymorphs
have uniformly short, reflexed, conical, or sock-shaped
chambers (pl. 11, figs. 1b, ¢, e). Interzooidal pores pass
through the proximal wall to large polymorphs (pl. 11, fig.
le), and also through the walls of longitudinally adjacent
zooeclia (pl. 11, fig. 1b).

Diaphragms - Basal dlaphragms were occasionally ob-

served in endozones of large polymorphs. The diaphragms
are relatively planar, and show slight oral flexure at the
intersection with the zooecial wall. Diaphragms commonly

were observed at approximately the same level in several

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104

ad jacent zooecla.

Intermediate dlaphragms were observed rarely. The
diaphragms flex aborally and merge with the zooecial
lining.

Brood chambers - Brood chambers are abundant (up to
ten were observed in a single zoarium). Abandoned brood
chambers were observed only in capitular areas, and are
associated with thick-walled zones. Brood chambers are
lobate; several lobes branch from a single main lobe, con-
tinuous proximally with a single zooecial aperture (pl. 12,
fig. 1). Subjacent zooecia are sealed by a thin floor
which is structurally continuous with subjacent zooeclal
walls (pl. 9, figs. 24, e). Brood chambers observed.at
the zoarial surface were not roofed over. Abandoned brood
chambers were covered by a distal wall bearing interzooldal
pores, and growing continuously from the lateral compound
wall (pl. 12, figs. 24, e). Zooecla budding from the dis-
tal wall are commonly thick-walled and have monillform

profiles (pl. 12, figs. 24, e).
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Discussion - Although Michelin's primary types were not
avallable for examination, specimens were assligned to
C. menardl with confidence because:

1) All specimens can be recognized on the basis of ex-
ternal characters, zoarilal shape, distally expanded or
capltate branches, and the arrangement of the aper-
tures of small polymorphs. These characters are well
shown in Michelin's flgure.

2) The species concept, as developed in descriptions or
1llustrations of d'Orbigny (1854), Gregory (1909), and
Canu (1919) has been consistent.

3) Specimens studied by d'Orbigny (1854), Gregory (1909),
Canmu (1919) and herein were collected from the type
locality.

Under these circumstances, there are no taxonomic
difficulties imposed by the unavallability of the type
specimens. Thus, by Art. 7 (a, 1), p. 81, ICZN, 1964,

there 1s no necessity for designating a neotype.

Remarks on brood chembers - In Corymbopora menardi Mich-

elin there is some indication that the brood chamber main-
tained a connection with a single, presumably fertile,
zooecium and hence might be termed a gonozooecium. The
use of this term, however, implies that the whole structure

is a zooeclal homologue. This 1s difficult to apply be-
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cause the wall which bounds the brood chamber is compound,
and shared with subjacent and lateral zooecia. The depos-
iting epithelium is probably better considered as a zoarial
rather than a zooeclal tissue. For this reason, the more
general term, brood chamber, is here retained.

In C. menardi, the brood chamber was never roofed
over by a porous, diaphragm-like structure typical of the
brood chambers in Ceriocava corymbosa (Lamouroux), Hetero-
pora cryptopora (Goldfuss) and Parleiosoecisa jacksonica Canu
and Bassler. The brood chambers in C. menardl were appar-
ently covered by calcareous tissue only after abandonment.
The covering structure is similar in appearance to the ad-
Jacent zooeclal wall rather than the basal, layer-like

structure seen in other genera.
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Genus Cosclnoecia Canu and Lecointre, 1934

Type species ~ Cosclnoecla radiata Canu and Lecointre,

1934, p. 21, by original designation and monotypy.

Synonymy

1934 Coscinoecia Canu, Ferdinand, and Lecointre, G., Les
Bryozoalres Cyc}ostomes Des Fgluns de Touraine et
d'Anjou: Soc. Geol. France, Mem., V. 9, no. 4,

p. 198.

1953 Coscinoecia Canu and Lecointre. Bassler, R. S.,
Treatise on Invertebrate Paleontology: Part G,
Bryozoa, p. G70.

1957 Coscinoecia Canu and Lecointre. Buge, Brnil, Mus.
Natl. d'Histolre Naturelle, Mém., ser. C, Sciences
de la Terre, v. 6, p. 121.

Tentative dlasgnosis - Zoaria branched; branches have well-

differentiated coaxial endozones and exozones. Zooecia di=-

morphic. Large polymorphs occur in intermonticular areas,
small polymorphs in intermonticular and monticular areas.
In exozone, zooeclal walls distinctly laminated.

Laminae broadly arched across zooeclial boundary zone. Lam-

lnate tissue sometimes alternates with granular tissue

which forms discontinuous rounded masses in outer cortex.
Basal diaphragms numerous and closely spaced in endo-

zone and zone of flexure. Intermediate dlaphragms occur in

intrazoarial overgrowths.
Taxa included - Monotypic for the type species, C. radiata.

Dlscussion - Coscinoecia is a large bryozoan, distinctive
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both externally and internally. Bassler (1953, p. G70)

assigned Coscinoecia to the family Tetrocycloecildae Canu,
and noted in the diagnosis that Coscinoecia is "like Treto-

cycloecia [sicl but oeclostome larger than zooeclal sper-

tures". Coscinoecia is similar to Tetrocycloecia, Leloso-
eclia, and Ceriocava in its coaxially ramose growth habit.

Coscinoecia, however, differs from all three genera in

several characteristics, such as the structure and appear-
ance of the zooecial walls, the arrangement of dimorphs,
and the occurrence of diaphragms. The gross morphologic
structures are consistent with placement in the Cerioporina,
but the differences in morphology are too great, as pres-
ently understood, to indicate close affinities with any

genus studied here.
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Coscinoecia radiata Canu and Lecointre, 1934

Plate 10, figures l1le-h; Plate 11, figures la-h; Plate 12,

figures 1la-1i.

Type - Canu and Lecointre (1934) noted that they had exam-
ined several specimens from seven localities in the Helve-
tien of Southern France. One specimen from the primary
type sulte has been located. This specimen, MNHN Canu
Coll. 58872, 1s the large, well-preserved specimen figured
by Canu and Lecointre (1934, pl. 40, figs. 1-4) and is here
designated as the lectotype. Thin-sections were figured by
Canu and Lecointre (pl. 40, figs. 5-7); the specimen or
specimens sectioned were not identified. The thin-sections
were not located by the author. Although Buge (1957, p.
122) refers to MNHN Canu Coll. 58872 as the holotype, there

is no such designation in the primary source.

Type locallty and horizon - Canu and Lecointre (1934, p.

198) cited the following localities in France for the occur-
rence of C. radiata:
Faluns (Helvetien)
Indre-et-Loire: Saint Epain, Ferriere-1'Arcon

Marn-et-Loire: le Hagulneau, Doue-la-Fontaine, Mont-
louet

Ille-et-Vilaine: environs.de Rennes
Burdigallien supérieur

Piemont: Croce Barton
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The label with the lectotype lists the word Doue;
therefore, the type locality and horizon are restricted to
the Faluns (Helvetien) [Miocéne], Doué-la-Fontaine, Marn-

et-Loire [Francel.

Synonymy

1934 Coscinoecia radiata Canu, Ferdinend, end Lecointre,
G., Soc. Geol. France, Mem., v. 9, no. 4, p. 198,
pl. 40, figs. 1=-7.

1657 Coscinoeclia radiata Canu and Lecointre. Buge, Emil,
Mus. Natl. d'Histoire Naturelle, Mém., ser. C,
Sciences de la Terre, v. 6, p. 122, no fig.

Material studled - The lectotype was kindly loaned to the

author by Dr. E. Buge, Muséum National d'Histoire Natur-

elle, Five thin-sections and thirteen acetate peel repli-
cas were made from the lectotype; most of the original
zoarial fragment and three remnants remain after sectioning.

Duplicate peels are in the United States National Museum

and the author's collection.

Description of the lectotype - Thls description 1s based

solely on the lectotype, the only specimen of C. radiata
known to be avallable for study. This description includes
assessment of some non-genetic variation within this colony.
No asSessment of genetic or other interzoarial varlation

within C. radiata 1s implied in this description.

Mode of growth - The zoarium is robust (table 9, Zr-Ht,
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Zr-¥Wth, Br-CsSn-MxDn); branches are roughly cylindrical.
Most of the surface of the primary branch is encrusted by
an intrazoarial overgrowth (pl. 13, figs. le, f).

Large polymorphs occur in intermonticular areas, and
are arranged in rows disposed radially about the monticular
areas (pl. 13, figs. 1b, ¢). Small polymorphs occur in
intermonticular areas, commonly in rows between the large
polymorphs (pl. 13, figs. 1b, ¢), and also in monticular
areas (pl. 13, figs. 1b, ¢, h; pl. 14, fig. 1d). Less
regular arrangements occur locally (pl. 13, fig. 1h).

Endozone -~ Zooeclal walls are thin, symmetrically to
subsymmetrically thickened. across the boundary zone, and
have submoniliform profiles. Zooeclal chambers commonly
have subelliptical, subpolygonal cross-sections. Zooecial
walls are generally granular, sometimes indistinctly lamin-
ate, and a thin zooecial lining is usually present. Basal
diaphragms are commonly thin and planar to slightly convex
aborally. At the juncture with the zooecial wall, dia-
phragms flex orally and merge with the zooeclel lining
(pl. 13, fig. 1d4; pl. 15, figs. 1b, 1).

Exozone - The zooeclal walls of adjacent large poly-
morphs are symmetrically to subsymmetrically thickened
across the zooecial boundary zone and have moniliform pro-
flles, largely because of the occurrence of numerous,

Wldely-flexed, interzooidal pores (pl. 13, fig. 1g). Mon-
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ilar profiles commonly are elliptical, ovate or fusiform,
but show less varlation in thickness longltudinally than
small polymorphs, and appear nearly parallel-sided (pl. 13,
figs. le, g). Zooeclal chambers commonly have subellipti-
cal cross-sections, but show relatively large variation in
this respect (table 10). Cross-sections are often somewhat
irregular because of crescentic inflectlions in the zooecial
wall (pl. 1%, fig. 1h).

Zooeclal walls of small polymorphs are commonly
thickened annularly. Back-to-back adjacent small poly=-
morphs are thickehed symmetrically across zgoecial boundary
zones (pl. 13, figs. le, g; pl. 14, figs. 1la, b, e), but
are commonly thickéned asymmetrically across zooecial
boundary zones when adjacent to large polymorphs (pl. 13,
fig. 1g; pl. 14, figs. 1b, f; pl. 15, fig. 1g). Monilar
profiles of adjacent small polymorphs are circular, ellip=-
tical, clavate, inverse-pyriform or alate. In monticular
aregss, cross-sections of small polymorph chambers are
subelliptical to subeircular (pl. 11, fig. 1d). In inter-
monticular areas, cross-sections of small polymorph cham=-
bers are commonly more elliptical and less regular. Small,
blunt mural spines were often observed in both large and
small polymorphs (pl. 14, figs. 1d, g).

Digphragms - Basal dlaphragms were observed only 1n

the endozone and zone of zooecial bending. The diaphragms
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are numerous, closely spaced (table 9, Bsl-Intvl), and
generally thin (table 9, BslD-Th). The diaphragms are
planar to slightly convex aborally, and flex orally to
form abutments before merging obscurely with the zooeclal
lining (pl. 15, figs. 1b, 1).

Most zooecia in the intrazoarial overgrowth have a
single, thin (table 9, IntD-Th) intermediate diaphragm at
approximately .2 mm aboral to the skeletal aperture (pl.
15, fig. 1a). The diaphragms are generally planar, and
they flex aborally to form a short abutment which adjoins,
but does not merge with, the zooecial wall.

Brood chambers - Brood chambers are large (table 9,
BrCh-Lth, BrCh-Wth, BrCh-Dth) zoarial cavities with
lensold to rectangular profiles (pl. 15, figs. 1c, f) and
sublobate cross-sections (pl. 15, fig. le). The floor is
incomplete (pl. 15, fig. 1c), and subjacent zooecia show
various degrees of closure, from fully open to completely
Sealed. Closure may be made both by 1ateral growth of the
apertural portion of the zooecial wall, and by emplacement
of a nonperforate intermediate diaphragm (pl. 15, fig. 1h).
The roof is apparently nonporous (pl. 15, fig. 1d). Small
polymorphs bud from a thin basal layer which encrusts the
roof (pl. 12, fig. 1d) forming monticular areas. The aper-
tures of these small polymorphs are commonly elliptical to

slit-like, in contrast to the more rounded openings of
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normel monticular areas. Encrusted brood chambers commonly
open to the surface by means of a single, large, subcircular

to elliptical opening (pl. 10, figs. 1b, c).
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TABLE 10

FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN THE LECTOTYPE OF COSCINOECIA RADIATA CANU ARD LECOINTRE

Cire. Ellip. Ov. Pyr. Polyg. Trileng. Irreg.

Exozone

Regular 1 28 7 3 1

Sub 3 31 11 1

Irregular 3 L 2 5
Endozone

Regular 2 1l 1l

Sub 1l 10 3 5 1l

Irregular 1
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figure 8 A-D. Histograms and cumulative curve from

the lectotype of Coscinoecla radiata Canu and Lecointre.

Normal to maximum cross-sectional dimension of a
zooecial chamber,

Ratio of the maximum cross-sectional dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooecial chamber.

Compound zooeclial wall thickness.

Count of interzooidal pores per zooeclal cross-section.
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Remarks concerning morphology

Growth habit - The erect, robust growth habit of

C. radlata provided a suitable substrate for other bryo-

zoan colonies. Several small chellostome colonles and one
lichenoporid colony were observed on the zoarlal surface.

Intrazoarial overgrowth could be interpreted, in the
situation figured in pl. 13, figs. le, f, as a mechanism of
defense because the overgrowth encrusts a relatively large
cheillostome colony which had submerged part of the main
stem.

Polymorphism -~ The star-like pattern engendered by

the arrangement of dimorphic zooecia is a distinctlive ex-
ternal character. In tangentlal sectlions, however, the
pattern is not always so readlly visible and requlres
comment. Remarks on this subject must be considered tent-
ative, however, because of limited material.

When viewing the zoarial surface, the eye readily
makes the distinction between large and small polymorphs.
Large polymorphs have relatively constant zooecial aper-
tures in the exozones, and one sees a large, black zooecial
opening (pl. 13, figs. 1b, ¢). On the other hand, small
polymorphs have much more variable cross-sectional areas
because of pronounced annular thickening of the walls.
When the zoarial surface 1s viewed, the eye "sees" the

smallest cross-section of small polymorphs as a black void;
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indeed, the largest dimension is nearly lgnored unless an
effort is made to éée it (note light-colored areés around
black voids at top, fig. lc in pl. 13).

In sections, zooecla are cut at all levels. If the
section intersects small polymorphs where walls are thick-
est, the polymorphs are easily distingulshable. Converse-
1y, where walls are thin, the areal dimensions approach,
and perhaps overlap, the large polymorphs (see text fig.
8A). Thus, the regular pattern, so distinct at the zoarial
surface, 1s obscure in thin-sectlion.

Brood chambers - In comparison to brood chambers in

Ceriocava, Heteropora and Parlelosoeclsa, Cosclnoeclila has

brood chambers with nonporous roofs and incompletely calci-
fied floors.

Another difference is that a single, large connection
with the surface is retained well after the calcareous
brood chamber roof was deposited, suggesting that larvae
mey have been contained, or brooded, after the chamber was

roofed over and submerged beneath new growth.
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Genus Diplocava Canu and Bassler, 1926

Iype species - Diplocava incondita Canu and Bassler, 1926,
P. 71, by original designation.

Synonymy

1926 Diplocava Canu, Ferdinand, and Bassler, R. S.,
United States Natl. Mus., Proc., v. 67, p. 71.

1953 Diplocava Canu and Bassler. Bassler, R. S., Treat-
ise on Invertebrate Paleontology: Part G, Bryozoa,

p. G71.

Tentative dlagnosis - Zoaria massive to branching. Growth
habit variable, with complete gradation between two end
members. In one growth habit, most zooecia relatively
short and growing radially to produce lenticular intra-
zoarlal overgrowths. In second habit, axial zooeclia longer,
inltlally growing nearly parallel to major growth axis be-
fore bending towards zoarial surface, and producing coaxial
appearance; but, zooeclal walls commonly not showing
typical endozonal appearance in axial region.

In exozone, zooeclal walls laminate. Laminase di-
verge orally from generally dark-colored, narrow boundary
zone; then arch convex orally and recurve aborally. Cortex
laminae abut thin zooecial lining at low angle. Walls
commonly have integrate appearance in tangential section.

Peristomial diaphragms common. Intermediate and

basal dlaphragms occur.
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Taxa included - Only the type species was studied. In-
ternal characters of other species assigned to Diplocava

are unknown to me.

Discussion - Diplocava was originally defined as "Cerlo-

cavidae with dimorphic zooecia" (Canu and Bassler, 1926,
p. 71). The dimorphs were described by Bassler (1953,

p. G71) as * . . . large open ones separated by a zone of
small ones with facets." Examination of thin-sectlons re-
veals, however, that zooecla are monomorphic. Another
interpretation of the divergent zooecial appearance seen
in Diplocava is gliven below.

The emplacement of peristomial diaphragms apparently
represents a late phase in zooecial ontogeny. The portlons
of the zooeclal wall ad jacent to the peristomlal diaphragms
are consigstent in having thick walls with recurved laminae,
in having a well-defined boundary zone, and in havlng
nearly parallel-sided profiles, characteristics not seen in
more aboral portions of the zooecial wall. Abandoned peri-
stomial dlaphragms were not observed.

In addition, zooecia of each type occur in groups.
Zooecla wlth large apertures encrust the zooecia with peri-
stomlal diaphragms ("small ones with facets") (pl. 16,
fig. 1b). The present interpretation suggests that the
"large zooecla' were in a stage of active, orally-directed

growth, while the "small zooecia" had ceased active, orally-
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directed growth of the zooecial wall and had secreted

peristomial diaphragms at the skeletal aperture.

The Ceriocavidae were defined by Canu and Bassler
(1922, p. 89) on the appearance of the brood chamber which
they described as "long, transverse, convex, regular,
symmetrical vesicle with speclal walls". Although Canu and
Bassler (1926, p. 71) noted in thelr remarks on the genotype
that the brood chamber was unknown in Diplocava, they des~-
cribed (on the same page) a "star-shaped" brood chamber from
a cotype of the type species. Thls specimen 1s considered
here to be assignable to another, perhaps unnamed, genus
(see p.139). BRemarks concerning its morphology, 1i.e.,
brood chamber, are not applicable to the concept of Diplo-
cava.

The assignment of Diplocava to the Ceriocavidae Canu
and Bassler, based on the brood chamber alone, is not justi-
fied. Presently, lack of knowledge of changes ln skeletal
structure through time in cyclostomes makes phylogenetic
inferences speculative; however, inferences of close rela-
tionship between Ceriocava and Diplocava cannot be supported
by morphologic evidence as understood here. The respective
type species differ in growth hablit, wall structure and
occurrence of diaphragms. They differ, as well, in other
characters tentatively considered signiflicant at the spec-

ific level, e.g., profiles of zooecial walls, and outlines
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of zooecial chambers.
Peristomial diaphragms have been recognized in Haplo-
ecia. Diplocave differs from Haploecia in mode of growth

and wall structure. Diplocava and Reptonodicava both have
recurved laminae in the outer exozone. Regtonodicava
differs from Diplocava in mode of growth and occurrence of

diaphragns.
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Diplocava incondita Canu and Bassler, 1926

Plate 16, figures la-h; Plate 17, figures 1-4, 5a-c, 6ba, b;
Plate 18, figures 1-3; Plate 19, figures 1-3.

Type - USNM 69925-2 figured by Canu and Bassler (1926,
pl. 10, figs. 5 - specimen in lower right corner of photo-
graph - and 6) is designated as the lectotype. Five un-

numbered thin-sections labeled type are paralectotypes.

Type locality and horizon - Lower Cretaceous (Valangian),

Sainte Croix (Vaud), Switzerland.

Synonymy

1926 Diplocava incondlta Canu, Ferdinand, and Bassler,
R. S., United States Natl. Mus., Proc., v. 67, p..
71-73, pl. 10, figs. 5 (specimen in lower right
corner of figure). 6.

Material studied - Five thin-sectlions and five acetate

peels on one slide were made from the lectotype. 1In
addition, twenty-two thin-sectlions and twenty-four acetate
peels were made from ten specimens collected from the type
locality (USNM Loc. 2404) and identified as Diplocava
incondita by Bassler. Duplicate acetate peels are pre-
served 1n the bryogoan collection of the National Museum

of Natural History and in the author's collection.

Description
Mode of growth - Zoaria are small (maxlmum observed

length is about 11 mm, diameter about 5 mm), and are either
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irregularly domal to digitate masses or are branched with
subcylindrical branches. The irregular zoarial appearance
(pl. 16, fig. la) is caused by the irregular repetition of
both encrusting and coaxilal modes, and by the variation in
position and direction of the major growth axis from one
overgrowth unit to another.

Intrazoarial overgrowths sometimes cover most of the
surface of subjacent growth units (pl. 17, fig. 3), or are
restricted to the surface peripheral to the continuously-
growing zooecia of the axial region (pl. 16, fig. 1d; pl.
17, fig. 5a). Basal layers are generally thick (pl. 16,
fig. 1g; pl. 17, figs. 5b, ¢, ba, b). Proximal parts of
overgrowths sometimes display thin, recumbent, zooecial
walls interpreted as endozones (pl. 16, fig. 1h, on left);
but commonly, zooecial walls are essentially thick-walled
throughout.

Exozone - The zooeclal walls are symmetrically thick-
ened across the boundary zone. The walls generally show a
regular increase in thickness orally. Sometimes, however,
the walls show a slight thinning in medial portions (pl.

17, flg. 3). In the inner exozone, thinning of the zooecial
wall near interzooidal pores commonly produces moniliform
profiles (pl. 17, fig. 1, 5¢). In the outer exozone, inter-
zooldal pores are almost cylindricel with little flare

(pl. 17, fig. 6b; pl. 19, fig. 1), resulting in nearly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



133
parallel-sided zooecial walls. Slight pustulose thicken-
ings are sometimes seen in the outer exozone (pl. 16,
fig. 1g). Cross-sections of zooecial chambers generally
are smoothly rounded and subcircular to ellipticel (pl. 19,
fig. 1).

Diaphragms - Peristomial diaphragms (pl. 16, figs. 1d,
g; pl. 17, figs. 5b, ¢, 6a, b; pl. 18, figs. 1, 2, 3; pl.
19, fig. 3) were observed in most zooecia subjacent to
intrazoarial overgrowths. The dlaphragms are thick, and
generally located in the disto-central or central part of
the dlaphragm. A deposit of laminated calcareous tissue,
continuous with the zooecial lining, lines the aboral
surface of these dlaphragms sealed by overgrowths (pl. 16,
fig. 1g; pl. 17, fig. 6a; pl. 18, figs. 1, 2) and extends
orally to line the peristome.

Intermediate dlaphragms occur rarely and, when seen,
are just aboral to the aperture (pl. 19, fig. 2). The
diaphragms are thick, laminate, and have prominent aborally
flexed abutments.

Basal dlaphragms occur rarely. The diaphragms are
thin and nearly planar, and flex orally at the juncture
with the zooecial wall to merge with the zooeclal lining
(pl. 16, fig. 1g; pl. 18, fig. 2).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



134

SI93SWITTTW UL

£

1€ 110° 9£0° 910° 190° L -q3sd
wdeiudeiq
€ G gET gET 0 ‘S IqQUA~IJDZ
2 4 6€T 6€T gE 920° 890° ¢10° ont’ L -TMOZPD
UQXNN-USS8D)-UDIZ
2 G 6£T 6£T 1T 1° e'1 0'1 LT UTXW-ugs)-q9o7
2 g 6£T 6ET 22 %0° LT Ho* 9z* UQXNN~Ug 80 -UdoZ
2 S 6€T 6¢T o2 %0° oz* Go°* 82" UQXN-UgS9~1)07
SUOZOXY - TBTO3007Z
T S € ‘6 UAX~UgB) ~I
TeTI80Z
apop *oadg IZN OZN N A D *S #*X *¥ ‘0 13308I8Y)

JTTSSVE ANV ONVO VILIONOONI VAVOOTdIA 40 SINIWAHASYAW 40 AMVWWAS TVOILSIIVIS

1T T19VL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



135

£q Pat1ITIUSPT ‘A37T8o0T 2dA3 ayg woay pojoaTToo suswioads sau3 f(HT) 2-52669 WNSN ta9dfg03091 4
*(LE) €-voH2 q9daoxa N% g8 ameg ‘€

*(9) G-now2 ‘(Th) h-towe (QE) E€-qomz ‘(L2) T-wOHw2 WNSn fIaTssed °S °M
£q patsTquUepPT puw A37TBOOT odA3 SUuj woly pa3daTTod suswroads anoy ((0f) 2-62669 WNSN :3dhq03097 2
*2-62669 WNSn :adhjo3091 °7

J000 NAWIDIIS OL Ko

S1939WTTTIW U &

L 2 % L 200° €10° 9L -q1sd
4 € g oh 22 200" T10° 800" T20° UqXW ~Us 59 ~13a38d
8 T 1 T goo° TAJUL -QIUL
9 1T 4T 62 220° 2lo’ 960° €60° UQX{-Ug 8D -38d

( .noo“ PsIqde1q

apop °oadg JZN  9ZN N ‘A D %S #X *»'d 0 133.0848Y)

HTISSyd ANV ONVD VIIANOONI VAVOOTIdId 40 SINIWFHNSVAW 40 AYVWWNS TVOILSILVIS

(*uod) TT FIAVL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



136

‘g-tofe ‘g

*g-to2 pus adLqo30e7 ),
*(9) ot-woe ‘(%) g-nowe ‘() L-wowe °(T)

T-4Oh2 °*°01 WNSN :XaTss8g °S ‘¥ Aq patITauapl ‘A917800T 2dAg ay3 woxy pajo’d[Too suswidads daayy *9
*(o1) ot-non2z ‘(0T) g-wone ‘(0e) T

~hOh2 °0071 WNSN :39Tssed °S ¥ £q PaTJTquspr ‘Aq1TRoOT adAg ayj woay pegoaTToo suswioads Iaaqy, °§

*(9) g=to2 ‘(9) 9-wox2 ‘(L) T-4Oo42 °*O0T WNSN :IoTssed *S °Y

( *uod) FAOD NAWIDAAS OF Ao

(*uod) 1T FIGVL

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



137
TABLE 12

FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECTAL CHAMBERS

IN DIPLOCAVA INCONDITA CANU AND BASSLER

Cire. Ellip. Ov. Pyr. Polyg. Trieng. Irreg.

Exozone
Regular 2 39 6
Sub 10 66 6 2
Irregular 4 3 1
Endozone
Regular [ 2
Sub 5 L
Irregular
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Text figure 9 A-D. Histograms and cumulative curve from
the lectotype and four topotypes of Diplocava incon-
dita Canu and Bassler.

A. Normal to maximum cross-sectlonal dimension of a
zooeclal chamber.

B. Batio of the maximum cross-sectlional dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooeclal chamber.

C. Compound zooecial thickness.

D. Count of interzooldal pores per zooecial cross-section.
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Discussion - Three of the four original specimens figured
by Canu and Bassler (1926, pl. 10, filg. 5) were attached to

a small card bearing the label "Diplocava incondita, Co-

types, USNM 69925". Two of the specimens were thin-sectioned.
USNM 69925-2 was judged to be conspecific with unfigured (?)
thin-sections prepared by Bassler and labeled as types by

him. In addition, USNM 69925-2 was Jjudged to be conspecific
with sectioned non-type specimens from the type locality id-
entiflied by Bassler as D. incondita.

The second specimen sectioned, USNM 69925-1, is a thin-
walled encrusting bryozoan referable to a different, prob-
ably unnamed, genus. Thls was the only specimen of Canu
and Bassler's original suite in which a brood chamber was
observed. Thus, Canu and Bassler's remarks concerning the
occurrence and morphology of brood chambers are not applic-

able to the concept of D. incondita.
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Genus Ditaxia von Hagenow, 1851

Type species - Ceriopora anomalopora Goldfuss, 1826, by

subsequent designation, d'Orbigny (1854, p. 952).

Synonymy

1826

1830

1834

1851

1854

1881

1899

1922

1953

pars Cerlopora Goldfuss, G. A., Petrefacta Germanize:
v. 1, p. 33.

pars Heteropora de Blainville, H. M. D., Zoophytes:
Dictionnaire de Sclence Naturelles, v. 60, p. 382.

pars Heteropora de Blainvlille. De Blainville, H. M.
D., Manuel d'Actinologie ou de Zoophytologie: p. 417.

Ditaxla von Hagenow, Friedrich, Die Bryozoen der
Maastrichter Kreidebildung: Cassel, p. 49.

Ditaxia von Hagenow. D'Orbigny, Alclide, Terrain Cre-
tac® Bryozoaires: Paléontologie Francalse Description
des Animaux Invertébres, v. 5, p. 953.

Polytaxia Hamm, Hermann, Inaugural-Dissertation zur
Erlangung der Doctorwurde Von der Philosophischen
Facultétuder Friedrich-Wilhelms-Universitat zu Ber-
1lin, p. 41.

Ditaxia von Hagenow. Gregory, J. W., Catalogue of
fossil Bryozoa in Department of Geology, British
Museum (Natural History), The Cretaceous Bryozoa,
v. 1, p. 406.

Ditaxlia von Hagenow. Canu, Ferdinand, and Bassler,
R. S., United States Natl. Mus., Proc., v. 61,
p. 101.

Ditaxia von Hagenow. Bassler, R. S., Treatise on
Invertebrate Paleontology: Part G, Bryozoa, p. G72.

Tentatlive dlagnosis - Zoarla encrusting and branching.

Branches bifollate and commonly frondose, less commonly

subcylindrical. Endozones and exozones strongly different-

lated and intergrade in narrow zone of zooeclal flexure.
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Zooecla dimorphlc. Large dimorphs occurring in intermon-

ticular areas; small dimorphs occurring in intermonticular
and monticular areas.

In exozone, large dimorphs have lunaria-like struc-
tures composed of subgranular calcite. Lunaria-like struc-
ture becomes obscure near aperture, merging with indistinctly
laminete tissue. Thin zooecial lining commonly present.

Small polymorphs have discontinuous patches of homo-
geneous to subgranular calcite in cortex, alternating with
indistinctly laminate tissue. Laminae crenulate, broadly
curved convex oraslly, and sometimes continuous across zooec-
1al boundary zone.

Intermediate diaphragms occur rarely.

Taxa included - Only the type specles, D. anomalopora; in-

ternal characters of other species assigned to Ditaxia are

presently unknown to the author.

Discussion - In the large zooecla of Ditaxla, most of the
cortex of the proximal wall is composed of calcareous
tissue which is distinctly different from calcareous tissue
in the remainder of the wall. This light-colored, homogen-
eous tissue is called a lunaria-like structure here, and is
inferred to have been originally granular because remnants
of originally laminate tissue are preserved elsewhere in

the zooeclal walls. Recently, studies of lunarial micro-
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structure were made in some Paleozolc cystoporates by
Utgaard (1968a, b), and in post-Paleozoic lichenoporids by
Brood (1970b). Unfortunately, comparison of lunaria in
these taxa to the lunaria-like structure in Ditaxia cannot
be made because microstructure is poorly preserved in the
specimens of Ditaxia which are avallable for study.

The recognition of a lunarlia-like structure poses
some questions concerning continued assignment of Ditaxia
to the cerioporids. On the basis of mode of growth, wall
structure and diasphragms, however, Ditaxla is not readily
assignable to other taxa as presently understood, L:Eey
lichenoporids, and is provisionally retailned in the cerio-

porids.
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Ditaxia anomalopora (Goldfuss), 1826

Plate 20, figures la-e; Plate 21, figures 1, 2a-c; Plate
22, figures 1, 2a-c.

Iype - Specimen UB 119 is designated as the lectotype. The
lectotype was figured by Goldfuss (1826, pl. 10, figs. 5c¢,
d) and by von Hagenow (1851, pl. &, fig. 9c).

Type locallty and horizon - Goldfuss (1826, p. 33) cited

the locality as "Petersberge bel Maastricht". Rocks ex-
posed at thls locality are Maastrichtian in age. There-
fore, the horizon is assumed to be Cretaceous, Maastricht-

ian.

Synonymy

1826 Ceriopora anomalopora Goldfuss, G. A., Petrefacta
Germanigse: v. 1, p. 33, pl. 10, figs. 5¢, d.

1830 Heteropors anomalopora (Goldfuss). De Blainville,
H. M. D., Zoophytes: Dictionnaire de Science Natur-
elles, v. 60, p. 382.

1834 Heteropora anomalopora (Goldfuss). De Blainville,
H. ﬁ. D., Manue Actinologle ou de Zoophytologie:
P. 417.

1851 Ditaxia anomalopora (Goldfuss). Von Hagenow, Fried-
rich, Die Bryozoen der Maastrichter Kreidebildung:
Cassel, p. 49, pl. 4, fig. 9c.

1881 Polytaxia anomalopora (Goldfuss). Hamm, Hermann,
Inaugural-Dissertation zur Erlangung der Doctorwurde
Von der Philosophlischen Facultat der Friedrich-
Wilhelms-Universitat zu Berlin, p. 41.

1899 Ditaxia anomalopora (Goldfuss). Gregory, J. W.,
Catalogue of Fossll Bryozoa in Department of Geology,
British Museum (Natural History), The Cretaceous
Bryozoa: v. 1, p. 406.
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1922 Ditaxlia anomalopora (Goldfuss). Canu, Ferdinand, and

Bassler, R. S., United States Natl. Mus., Proc.,

v. 61, p. 101.
Material studied -~ Four thin-sections and four acetate peel
replicas were made from the lectotype UB 119; most of the
lectotype remained after sectioning. In addition, eight
topotypes in the collections of the National Museum of
Natural History were thin-sectioned: four specimens labeled
"USNM Loc. 2405, Up. Cret.-Maastr., Geulem, Maastricht,
Netherlands"; and three specimens labeled "USNM Loc. 29654,
Cret.-Maastr., Maastricht, Netherlands". Duplicate acetate
peels of specimens thin-sectioned are in the Bonn collec-
tion and the Natlonal Museum of Natural History collection.
The author has duplicate peels of the lectotype and the
specimens from USNM Loc. 2405,

Description
Medlan layer - The medlan layer is thick (table 13,

MdnLyr-Th) and laminate. In cross-section, the laminae
form steep V-shaped configurations pointing proximally.
The boundary zone of the median layer is commonly marked by
a distinct, dark line (pl. 15, fig. le).

Endozone - In the recumbent endozone, the zooecial
chambers have triangular cross-sections, and become poly-
gonal distally (pl. 15, fig. 1e). Zooeclal growth axes are

nearly straight throughout the endozone, diverging from the
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distal growth axis at a low angle, commonly less than 30°
(pl. 15, fig. 1d). Zooeclial walls are thin and parallel-
sided with a homogeneous to subgranular cortex, and a thin,
dark-colored zooecial lining except on the recumbent wall
(median layer).

Exozone - In the exozone, the large dimorphs are
irregular in distribution (pl. 15, figs. 1a, b). The walls
of adjacent large and smell dimorphs are subsymmetrically
to nonsymmetrically thickened across the boundary zone.

The walls of large dimorphs are commonly nearly parallel-
slded. Zooecial chambers have subcircular, elliptical, or
subelliptical cross-sections. The walls of large dimorphs
protrude slightly above the zoarial surface.

Small dimorphs are either scattered between large
dimorphs in monticular areas, or are concentrated in these
areas. Monticular areas are patch-like in distribution
(pl. 15, fig. 1b). The walls of small dimorphs commonly
show annular thickenings. The thickenings of adjacent
small dimorphs are symmetrical across the zooecial boundary
zone. Monilar profiles are circular, obovate to inverse
pyriform, or less commonly, nonsymmetrically thickened
across the boundary zone. The chambers of small dimorphs
are commonly elliptical in cross-section.

Diaphragms - Intermediate dlaphragms were sometimes
observed. The diaphragms are thin (.005 to .008 mm) and
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planar, and were most commonly observed close to the zooec-
ial aperture, although they were sometimes seen as deep as

the zone of zooecial flexure.
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TABLE 14
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN DITAXIA ANOMALOPORA (GOLDFUSS )*

Cire. Ellip. ov. Pyr. Polyg. Triang. Irreg.

Exozone - large Polymorphs

Regular 1 T
Sub 10 T 1
Irregular 1

Exozone - Small Polymorphs

Regular 4 29 5
Sub 8 6 1
Irregular L3

* Qutlines of zooecial chambers were estimated on the lectotype,

UB 120 (50 zooecia) and USNM 2405-2 (50 zooecia).
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Text figure 10 A-D. Histograms and cumulative curve from

C.

the lectotype and one topotype of Ditaxia anomalopore
(Goldfuss).

Normal to maximum cross-sectional dimension of a
zooecial chamber.

Ratio of the maximum cross-sectional dimension of a
zooeclal chamber to the normal to maximum cross-
sectlonal dimension of a zooecial chamber.

Compound zooecial wall thickness.

Count of interzooidal pores per zooecial cross-

section.
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Discusslion -~ The designation of lectotype is consistent

with a previous restriction made by von Hagenow (1851).
Goldfuss flgured three specimens in his pl. 10, fig. 5, as
Ceriopora anomaldpora. Von Hagenow considered only the
specimen figured in pl. 10, filgs. 5¢, 4, as D. anomalopora,
and refigured this specimen in his pl. 4, fig. 9c. This
restriction was later followed by Gregory (1899, p. 406)
and Canu and Bassler (1922, p. 101). The word "Holotypus"
is written on a label with the specimen, but the label was
most certainly added much later than 1826 by someone other

than Goldfuss.

Remarks on dimorphism - Zooeclial dimorphism in the exozone
is expressed in the bimodal frequency distribution of the
zooeclal diameters (see table 13A), and in the appearance
and apparent structure (see below) of the zooecial walls.
The general terms, large and small polymorphs, are used for
typical members of each dimorph rather than autozooecia,
etc., because the characters described are not here con-
sidered sufficlient to infer function or description of

enclosed soft parts.

Remarks on milcrostructure - Most of the specimens studied,
including the lectotype, show poorly preserved microstruc-
ture, and in only three specimens were structures preserved

well enough to attempt interpretation. The patchy occur-
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rence of nondescript, calcareous material, and the lirregu-
lar occurrence of g laminar tissue may well be, in part,
artifactual and due to dlagenetic changes of primary struc=-
tures. The appearance of the wall in some large polymorphs
1s strongly suggestive of lunaria-like deposits. These
structures, however, are not here identified as lunaria be-
cause of four factors:

1) The structures identified as possible lunarial deposits,
although commonly occurring on the proximal side of the
zooecium, were sometimes observed in other posltions
around the zooecial cavities of large polymorphs. Lun-
arial deposits, typically, are emplaced in the proximal
portion of a zooecial wall (Utgaard, 1968a, p. 1033).

2) As seen in tangential section, patches of calcareous
tissue, similar in appearance to the possible lunarial
structures, were seen in zooeclial walls of small poly-
morphs.

3) The possible lunarial deposits were not associated with
any lunaria-like inflections of the outline of the
zooeclal cavity.

4) In well-preserved fistuliporoids, ceramoporolds, or
lichenoporids, the lunaria project orally from the
zoarial surface as hoods. These were not seen on any

specimens of D. anomalopora.
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The lunaria-like structure is often missing, or

poorly expressed, in shallow tangential section. Some-
times, as seen in longitudinal section, the lunaria-like
deposit is capped by indistinct laminate tlssue. Possibly
the mode of growth changes slightly in the outer exozone,
and lunaria=like tissue is not deposited, suggesting onto-

genetic control.
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Genus Haploeclia Gregory, 1896 55

Type species - Millepora straminea (Phillips, 1829) by

original designation.

Sz nonymy

1896 Haploecia Gregory, J. W., Catalogue of Fossil Bryozoa
in the Department of Geology, British Museum (Natural
History), The Jurassic Bryozoa: p. 157.

1922 Haploecia Gregory. Canu, Ferdinand, and Bassler,

R. S., gnited States Natl. Mus., Proc., v. 61,
p. 97-98.

1953 Heploecia Gregory. Bassler, R. S., Treatise on In-
vertebrate Paleontology: Part G, Bryozoa, p. G71.

1965 Dendroecia Cotillon, P. and Walter, Bruno, Soc. Géol.

France, Bull., v. 7, ser. 7, p. 934-935.

Tentative dlagnosis - Zoarla branched; distally growing
branches intersect and anastomose. Branches have coaxial
endozones and exozones. Zooecia intersect zoarial surface
obliquely. Branches commonly encrusted by one or more
intrazoarial overgrowths.

In endozone, zooecia with smaller diameters often
surround single large zooeclum growing parallel to distal
growth axis of branch and located close to center of
branch.

In exozone, cortex composed of light-colored, indis-
tinctly laminated, calcareous tissue. Laminae slightly
crenulate and, in general, broadly arched, convex orally.
Lamination commonly becomes obscure or disappears in outer-

most cortex. Zooecial linings dark-colored, with crenulate,
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longitudinally directed laminae. Lateral spine-like ex-
tension of light-colored cortex tissue sometimes extends
into zooecial chamber as mural spines, or sometimes sub-
merged beneath thick deposits of zooecial lining.

Peristomial diaphragms observed in all zooecia distal
to unencrusted growing tips. Intermediate and basal dia-

phragms occur, but not common.

TaXa included - Based on the examination of primary types,
two specles are here considered to be correctly assigned to

Haploecla: Cerlocava multlilamellosa Canu and Bassler, 1922

[Lower Cretaceous, Valangian, Ste. Croix (Vaud), Switzer-
landl and the type speclies, Millepora straminea Phillips,
1829 (Middle Jurassic, Yorkshire, England). Internal char-
acters of other specles assigned to Haploecia are unknown

to me.

Discussion - On the basis of wall structure and occurrence
of dlaphragms, Haploecia is retained in the cerlioporids.
The emplacement of peristomlal diaphragms and attendant
modification of growth habit is known to occur in only one
other cerioporid genus, Diplocava. Peristomial dlaphragms
resemble externally the porous, foraminate, apertural seals
seen in the Salpingina. Viskova has recently studied gen-
era asslignable to the Salpingina, and has redefined three

families on the baslis of internal characters (Viskova,
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1965, 1968). Assignment of Haploecia would be consistent
with the revised concept of the Eleldae d'Orbigny except
for differences in wall structure. Viskova (1968, p. 175)
reports that zooecial walls ln elelds are longitudinally
fibrous. In specimens of Haploecia available for study,
wall structure was poorly preserved. Orally convex linea-
tions (pl. 23, fig. 1c; pl. 26, figs. 1b, c; pl. 28, fig.
3b), however, are interpreted as remnants of original
lamination.

Gregory (1896, p. 157) allied Haploecla with the
entalophorids, and in 1899, p. 288-9, suggested that Haplo-
eclia was an early stage in the evolution of the Eleldae
from the Entalophoridae. The melicerititids, a later evo-
lutionary stage in Gregory's scheme, are characterized by
tubular zooecia, but are reputed to possess both opercular
and avicularian structures (see Gregory, 1899, p. 287-292;
Levinsen, 1912, p. 10-13, 19; Bassler, 1953, p. G75). The
occurrence of structures presumably diagnostic for cheilo-
stomes (see Bassler, 1953, p. Gi47) in tubular bryozoans
led Gregory (1899, p. 287) to state that "The Cretaceous
family, the Eleidae, is important, as it breaks down the
distinction between the Cheilostomata and Cyclostomata on
these characters".

The external similarity of the type speclies of Hap-
loecia to some Cheilostomata is striking (pl. 16, fig. 1b).
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As observed by Gregory (1899, p. 288), " . . . the zooecia,
at thelr distal ends, are hexagonal, bounded by ridges, and
have a small subterminal aperture at the upper part. This
arrangement is very similar to that of the genus Cellaria."
This similarity, however, is due to convergence, as can be
ascertalned by reference to internal structures. The aper-
tural structure resembling a porous frontal wall is a peri-
stomial dlaphragm. The zooecla in Haploecla are tubular,
rather than box-llke; and the zooecial walls in Haploecia
are compound, being shared with adjacent zooecla rather
than the cuticle-lined individual cases typlcal of the
Chellostomata.

Canu and Bassler (1922, p. 97-8) were apparently the
first to study thin-sections of specimens assignable to the
type specles. They observed the enlarged axial zooecium,
terminal diaphragms ("facettes"), the absence of mesopores,
and the general absence of other diaphragms. They referred
Haploecla to the Ceriocavidae.

As presently understood, Ceriocava and Haploecla
exhiblt rather large morphologic differences, although the
mode of growth is similar. Both have coaxially arranged
endozones and exozones, and show increased diameteré of
zooeclal chambers from endozone to exozone. In Ceriocava,
however, zooecia apparently continued to grow in the exozone

for much of the life of the colony; in Haploecia, orally

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



159
directed growth terminates relatively soon aftfer zooecla

become exozonal in character. Terminal diaphragms are em-
placed in Ceriocava, peristomlal diaphragms 1ln Haploecla.
Basal dlaphragms are very numerous and closely spaced in
Ceriocava, but were rarely emplaced in Haploecia. Anasto-
mosis occurs in Cerlocava, but 1ls assocliated with the bifur-
cation of two branches rather than with the intersection of
Thelr growing tips as seen in Haploecla.

Cotillon and Walter (1965, p. 934~5) erected Dendro-
ecla because of the nature of the budding and the appear-
ance of the ovicells in specimens they assigned to Cerio-
cava multilamellosa (Canu and Bassler, 1922). The internal
morphology of the primary types of Ceriocava multilamellosa
1s consistent with the generic concepts of Haploecia, and

Dendroecla 1s determined to be a junlor subjective synonym.

Remarks on mode of growth - In many tubular bryozoans char-
acterized by coaxlal endozone-exozone mode of growth, zooe-
cia continue to grow orally from the zone of flexure for
some distance, and commonly intersect the zoarial surface
at 90°. Boardman (1960, p. 34) has shown that exozones
(gppebic zone of Boardman, 1960) characteristically become
thinner in a gradient projected distally along a branch.
Boardman used this relationship as an indicator of ontog-

eny in the interpretation of zoarial growth. The only
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apparent limit to the oral growth of an indlvidual zooeclum
was the death of the depositing tissue (see Boardman, 1960,
p. 39).

In Haploecia, exozones do not show consistent change
in thickness in any direction, and aspparently reach thelir
maximum thickness just proximally to the growing tip of the
branch. Furthermore, zooecla never grow orally beyond the
zone of zooecial flexure, and consequently intersect the
zoarial surface at 40° to 60°, thus never growing beyond a
zone referable to the innermost exozone of many other
specles. Examination of unencrusted growing tips (pl. 16,
figs. 1lc, d) indicates that peristomial diaphragms are em-
placed coincidentally with the termination of calcification
at the oral tips of the zooeclal walls.

Boardman, Cheetham and Cook (1969, explanation of
text figure 6) noted that continued growth of exozonal
zooecia 1n a primary branch is sometimes arrested by super-
position of an overgrowth, and that the full ontogenetic
development of zooecla in the primary branch 1s never

achieved. The thin exozones of Haploecia straminea might

be considered to exemplify the above, 1f only those branches
with extensive encrustations were observed. Several unen-
crusted branches of the type species, however, were
sectioned and these also show no increase in dlameter

proximally.
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There 1s evidence for the continued inhabltation of

the zooecial cavity by soft tissues, and continued onto-
genetic development after emplacement of the terminal dia-
phragm end termination of orally-directed growth of the
zooeclial wall. The dlaphragms are thicker, and often more
structurally complex in a gradient oriented proximally from
the growing tip (see text fig. 12). Also, zooecial linings
are seen to be thicker in more proximally situated zooecia.
Continued deposition of skeletal tissue requlres the
presence of depositing epldermis. In addition, peristomes
probably were large enough to allow the protrusion of
tentacles. It would seem possible that most of the zooec-
ial chambers having access to the zoarial surface housed

living, functional zoolids.
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Haploecla straminea (Pnillips), 1829

Plate 16, figures la-f; Plate 17, figures la-f.

Type - The lectotype 1is YM-T81/2 (figured by Gregory, 1893,
text fig. 2, p. 60, and 1896, text fig. 12, p. 160) by
indication, Gregory (1896, explanation of text fig. 12,

p. 160).

Type locality and horizon- The label with the type speci-

mens bears only information bearing on Gregory's publlca-
tion, and no locallity data is given. Phillips (1829,

p. 144, 149) cited the localities as "Scarborough (very
rare), from the Cornbrash; Gristhorpe, Cloughton, Owlton,
Crambe, Westow, Ellerker, from Gray Limestone or Bath oo-
lite, England." Sediments bearing fragments of bryozoans
ldentified with H. straminea exposed at these localltles
are questionably referred to the Bajoclen (pers. comm.

J. W. Neale).

Synonymy
1829 Millepora straminea Phillips, John, Illustrations of

The Geology of Yorkshire. Description of the strata
and organic remains of the Yorkshire Coast: p. 144,

149. plo 11. flgc 10

1893 Pustulopora straminea (Phillips). Gregory, J. W.,
Yorkshgre Philos. Soc. Ann. Rept., p. 60, text fig.
2, p. 60.

1896 Haploeclia straminea (Phillips). Gregory, J. W.,
Ca%alogue of Fossil Bryozoa in the Department of
Geology, British Museum (Natural History), The Jur-
assic Bryozoa: p. 159-161, text fig. 12, p. 160.
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1922 Haploecia straminea (Phillips). Canu, Ferdinand, and
Bassler, R. S., United States Natl. Mus., Proc.,
v. 6%. p. 97-8, pl. 14, figs. 14, 15, text fig. 25,
p. 98.

1945 Haploecia straminea (Phillips). Melmore, S., A
Catalogue of Types and Figured Specimens in Geolog-
ical Department of Yorkshire Museum: p. 216.

Material studied - The lectotype YM-T81/2 and paralectotype

YM-T81/1 were borrowed from the Yorkshire Museum. Thin-
sections and acetate peels were made from both the lecto-
type and paralectotype.

In addltlion, en encrusted specimen of H. straminea

wWas revealed in a thin-section of Ceriocava corymbosa (Lam-

ouroux) [USNM 32181-2, from the Bathonien, Langrum (Calva-
dos), Francel. Acetate peel replicas of all specimens
sectioned are preserved in the collections of the National

Museum of Natural History and of the author.

Description
Growth hablt -~ Zoarila are profusely branched with

branches growing distally in all directions (pl. 23, fig.
la). Branches intersect and anastomose in the proximal
portion of the colony forming a densely matted network.
Branches have subcircular to elliptical cross-sections and
wedge-shaped to rounded growing tips.

Endozone - Zooecial walls are thin and slightly

undulatory (pl. 24, fig. 1c). Generally, the walls are
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nearly parallel-sided, but prominent asymmetrical thicken-
ings are sometimes observed. The walls are light-colored
and granular. Zooeclal linings are thin or mlssing in the
inner endozone (pl. 23, figs. 1lc, 4, f; pl. 24, fig. lc).
Interzooldal pores are rarely seen.

Exozone - Near the tips of unencrusted primary
branches, zooecial walls are sometimes thickened asymmetri-
cally across the zooecial boundary zomne (pl. 23, fig. 1d).
Walls have submoniliform profiles because of moderate varla-
tion in thickness longitudinally (pl. 23, fig. 1le) and be-
cause of the relatively wide flare of interzooidal pores
(pl. 23, figs. 1ic, d, e). The outer exozone portions of
zooeclal walls are thicker in a gradient directed proxi-
mally from unencrusted primary branch tips (table 15) in
at least some encrusted primary branch tips (pl. 24, fig.
1a), and in intrazoarial overgrowths (pl. 24, fig. 1b).
Thicker zooecial walls generally are nearly parallel-sided
because of in-filling of thinner portions of the wall, and
because of reduction in the "flare" of interzooldal pores
(pl. 26, figs. 1¢, d). Zooecial cross-sections are gen-
erally subelliptical (table 16) except at apertural level.
At the apertural level, the wall thins rapldly to a rim-
like extension (pl. 23, fig. 1c; pl. 25, fig. 2b; pl. 26,
fig. 1b), and zooecia have polygonal, commonly hexagonal

outlines (pl. 23, fig. 1b, Gregory, 1896, text fig. 2,
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p. 60).

Diaphragms -~ Peristomlal diaphragms were observed
in nearly all zooecla more than about 1 mm from unencrusted
branch tips. Peristomial diaphragms are thicker and gen-
erally appear more robust in a gradient directed proximally
from unencrusted branch tips (compare pl. 23, figs. 1lc, d,
and pl. 25, figs. 2a, b, to pl. 24, figs. 1c, f and pl. 26,
figs. la-d). Peristomes are low near unencrusted branch
tips (pl. 23, fig. 1b); but proximally from branch tips,
peristomes may extend as much as .2 mm above the zoarlal
surface (pl. 24, fig. 1f; pl. 26, figs. 1b, ¢, d). Peri-
stomes have clrcular to elliptical cross-sections and are
located in the centro-distal portion of each zooecium (pl.
24, figs. le, f). Measurements of the maximum dimensions
of peristomlal cross-section (the restricted skeletal aper-
ture) and cross-sections of diaphragmal pores are summar-
ized in table 15.

Both intermediate and basal diaphragms (pl. 25,
fig. 1b) occur but, in general, are not numerous. Dia-
phragms emplaced in the almost wholly recumbent zooecia of
some interzoarial overgrowths are attached, in part, to
peristomial diaphragms (pl. 26, fig. 1b). In addition,
basal diaphragms were sometimes observed in peristomes

(Plo 26! figo 1b)o
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TABLE 16
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN BAPLOECIA STRAMINEA (PHILLIPS)

Cire. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

Exozone
Regular 1 1l 1l
Sub 11 2
Irregular 1l
Endozone
Regular 1 L
Sub 11 3 1 4
Irregulaer 3 1 1
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Text figure 11 A-D. Histograms and cumulative curve from
the lectotype and paralectotype of Haploecia stram-
inea (Phillips).

A. Normal to maximum cross-sectional dimension of a
zZzooeclal chamber.

B. Batlo of the maximum cross-sectional dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooeclal chamber.

C. Compound zooeclal wall thickness.

D. Count of interzooidal pores per zooeclial cross-

section.
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Text figure 12 A-C. Histograms showing variation in
thickness of peristomial diaphragms in Haploecia
straminea (Phillips).
A. More than 3.0 mm from tip of encrusted branch in
M T81/1.
B. More than 1.2 mm, less than 3.0 mm from branch tip
in ¥YM T81/2.
C. Less than 1.2 mm from tip of unencrusted branch in

YM T81/2.
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Discussion - The original figure by Phillips (1829, p. 19)

is generalized and of little use in identifying other
specimens with g. Streminea. As noted by Gregory (1896,
p. 160), "This species was figured so imperfectly by
Phillips that it had been variously interpreted by forelgn
authors". Gregory refigured specimen T81/2 twice (1893,
text fig. 2, p. 60, and 1896, text fig. 12, p. 160); both
figures are somewhat ideallzed 1llustrations showing
regularly arranged hexagonal zooecial apertures sealed by
peristomial diaphragms. In the explanation, Gregory says
that the figure is, "Part of the type specimen of Hagloedia
straminea (Phil.)".
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Hégloecia multilamellosa (Canu and Bassler), 1926

Plate 18, figures la-e, 2a, b, 3a-d; Plate 19, figures la-e,
2, 3a, b; Plate 20, figures la-e, 2a-c, 3.

Type - USNM 69922-1 is designated as the lectotype. This
specimen was flgured by Canu and Bassler (1926, pl. 9,
figs. 1 - middle specimen, 5, 6), and here (pl. 18, figs.

la-e).

nge‘locaiity and horizon - Lower Cretaceous (Valangian):

Sainte Croix (Vaud), Switzerland.

Synonymy

1926 Ceriocave multilamellosa Canu, Ferdinand and
Bassler, R. S., United States Natl. Mus., Proc.,

Ve 67’ p' 68-70' text fig- BSA-F. p. 69, plo 9'
flgs. 1-10.

1965 Dendroecia multilamellosa (Canu and Bassler).
Cotillon, P. and Walter, Bruno, Soc. Géol. France,
Bull., v. 7, ser. 7, p. 934=5.

Material studied - Only the lectotype and single paralecto-

type of the five specimens originally figured by Canu and

Bassler (1926, pl. 9, figs. 1-10) have been found in the

National Museum of Natural History collection. Both speci-

mens bear the label cotype. The lectotype, USNM 69922-1,

is the specimen figured by Canu and Bassler (pl. 9, flgs.

1 - the middle specimen, 5 and 6). Three thin-sections and

four peels on one acetate slide were prepared from the

lectotype. Paralectotype specimen USNM 69922-2 1is the
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specimen figured in Canu and Bassler (1926, pl. 9, figs.

1 - second specimen from the right, 7 and 8). Four un-
numbered thin-sections, labeled type and prepared by R. S.
Bassler, are considered paralectotypes. The thin-sections
were figured by Canu and Bassler (text fig. 35, p. 69) as
follows: No. 41, text fig. 35B, C; No. 41.5, text fig. 35D;
No. 41.7, text fig. 35E; No. 41.6, text fig. 35F. Thin-
sections and acetate peels were made from nine topotypes
identified by R. S. Bassler. These bear the number USNM
Loc. 2384,

Descrigtion
Growth hablt - Branches are roughly cylindrical, con-

sisting of a primary branch with a well-defined coaxial
endozone and up to three thin (table 17, Ov-Th) intrazoar-
ial overgrowths. Zooecial apertures are generally arrayed
in parallel ranges. Zooecla in adjacent ranges commonly
alternate in position longitudinally (pl. 27, figs.'lb, 3b,
d; pl. 28, fig. 3a2; pl. 29, fig. 1b).

Distally growing branches sometimes intersect and
anastomose (pl. 29, filgs. 1a, 2a). Where the plane of
intersection is nearly normal to the direction of zooecial
growth, each zooecium is generally sealed by a thin, non-
porous diaphragm (pl. 29, figs. 1c, 4, 2b, lower center,

2¢c). Where the plane of intersection is oblique to zooec-
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i1al growth, the zooeclial walls of intersecting zooecia
nerge and continue to grow orally (pl. 29, figs. 2a, D,

upper center).

Endozone -~ Zooecial walls are parallel-sided and
occasionally have rounded to spinose projections (pl. 28,
fig. 1b). Longitudinally, the walls are moderately undula-
tory (pl. 28, figs. 1a, d; pl. 29, fig. 1c).

Exozone - Zooecial walls have submoniliform profiles
and are symmetrical across the zooeclial boundary zone.
Zooeclial cross-sections are commonly elliptical. In the
outer exozone, mural splnes are sometimes numerous within
individual zooecla. The spines have light-colored (sub-
granular) cores which contrast with the dark-colored lam-
inated tissue of the zooecial lining (pl. 28, figs. 1c, d;
pl. 31, fig. 2b). Interzooldal pores are nearly cylindri-
cal and only slightly flared.

Diaphragms - Peristomlal dlaphragms were observed in
all zooecla subjacent to intrazoarial overgrowths. The
diaphragms are relatively thin and composed of dark-
colored, wavy, laminate tissue similar in appearance to
the zooecial lining (pl. 30, figs. 1la, b). The diaphragms
were sometimes observed to flex aborally and merge with
the zooecial lining (pl. 30, figs. 1la, b; pl. 31, figs. 1a,

b, 2b). Peristomes are commonly subcircular, located
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centrally, and extend only slightly above the zoarilal
surface. Peristomial apertures subjacent to overgrowths
are commonly sealed by dark-colored laminaste tissue con-
tinuous with the diaphragm (pl. 31, figs. 1b, 2a).

Intermediate dilaphragms (pl. 30, fig. 3) were ob-
served rarely in primary branches. The diaphragms are
planar to strongly convex orally and merge continuously
with the zooecial 1lining. Diaphragms are moderately thin
(table 17, IntD=-Th).

Intrazoarial overgrowths - Zooecia bud obliguely to the
basal layer and intersect the zoarial surface obliquely;
commonly, little or no zooecial bend is seen (pl. 28, fig.
la; pl. 29, figs. 1la, c). Although zooecia are relatively
short, both thin-walled (endozonal) and thick-walled (exo-
zonal) portions are present. Mural spines sometimes pro-
Ject from the basal layer (pl. 30, fig. 1b; pl. 31, fig.
2b). Intermediate diaphragms were rare to moderately
numerous. At the most, each zooeclum contained a single

diaphragm.
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TABLE 18

FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN HAPLOECTIA MULTILAMELLOSA (CANU AND BASSLER)

Circ. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

Exozone
Regular 31 7
Sub 2
Irregular 1
Endozone
Regular 1 12 4
Sub T 1k L 3
Irregular 1

“... . S e e e e e -
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Text figure 13 A-E. Hlistograms and cumulative curve from

E.

the lectotype and two topotypes of Haploecia multi-

lamellosa (Canu and Bassler).

Normal to maximum cross-sectional dimension of a
zooeclal chamber.

Batio of the maximum cross-sectional dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooecial chamber.

Compound zooecial wall thickness as measured in
longitudinal section.

Compound zooecial wall thlckness as measured in
transverse section.

Count of interzooidal pores per zooecial cross-

section.
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Discussion - Canu and Bassler, in their original descrip-

tion of Ceriocava multilamellosa, noted that "The appear-

ance of facettes in the genus Cerlocava still remalns a
nystery." Cotillon and Walter (1965, p. 935) recognized
other morphologic characteristics that were not compatible
with thelr concept of Ceriocava based on the type specles,
C. corymbosa (Lamouroux). Among these differential charac-

teristics in C. multilamellosa were the lack of transverse

disphragms and mesopores, zooecla less bent, lncrease in
zoarial diameter by overgrowth, and very different appear-
ance of the ovicell. Cotillon and Walter described the
appearance of ovicells as seen in specimens collected from
the calcaire lumachelliques (Hauterivien and Barremien)
from localities in the Basses-Alpes, France, which they

assigned to C. multilamellosa. On the basis of these

differences in morphology, Cotillcen and Walter erected the
new genus Dendroecia for C. multilamellosa Canu and Bassler.
Based on an examination of thin-sections of syntypes
and topotypes identifled by Canu and Bassler, C. multi-
lamellosa has characters consistent with the tentatlive
diagnoslis of Haploecla and 1s assigned to Haploecia.
H. multilemelloss differs from the type specles, H.

straminea, in having branches with smaller diameters and
in the more regular arrangement of zooeclal apertures.

Zooecia have smaller cross-sections and fewer interzooldal
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pores per zooeclal cross-sectlon, but more mural spines.
Peristomes commonly are located centrally with relation to
the zooecial walls. In H. multilsmelloss, zooecla ln over-
growths generally grow obliquely away from the basal layer;
in the type speclies, zooecla usually grow recumbent to the

basal layer for much of thelir length.
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Genus Heteropora de Blainville, 1830

Type species - Ceriopora cryptopora Goldfuss, 1826, by
subsequent designation (Gregory, 1896, p. 201).

Synonymy

1830 Heteropora de Blainville, H. M. D., Zoophytes:
Dictiomnaire de Science Naturelles, v. 60, p. 381.

1834 Heteropora de Blainville, H. M. D., Manuel d'Actin-
ologie ou de Zoophytologie: p. 417.

1851 pars Ceriopora Goldfuss. Hagenow, Friedrich von,
Dle Bryozoen der Maastrichter Kreidebildung: p. 53.

1896 Heteropora de Blainville. Gregory, J. W., Catalogue
of Fossil Bryozoa in the Department of Geology,
British Museum (Natural History), The Jurassic
Bryozoa: p. 201.

1909 Heteropora de Blainville. Gregory, J. W., Catalogue
of Fosslil Bryozoa in the Department of Geology,
British Museum (Natural History), The Cretaceous
Bryozoa: v. 2, p. 185.

1933 non Heteropora de Blainville. Borg, Folke, Zool.
Bldrag FEE% Uppsala, Band 14, p. 255.

1953 Heteropora de Blainville. Bassler, R. S., Treatise
on invertebrate Paleontology: Part G, Bryozoa, p. Gb66.

Tentative diagnosis - Zoarla massive to branching, composed

of superposed intrazoarial overgrowths. Endozones thin,

directly adjacent to basal layer, or not developed.
Zooeclal walls granular, becoming indistinctly lam-

inate in outer exozone. Laminae broadly arched, convex

orally and continuous across zooeclal boundary zones.

Thin zooecial lining commonly present in endozone and exo-

zone. Intermediate diaphragms common, basal dlaphragms
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occurring rarely.

Taxa included - Only the type species, Cerlopora cryptopora,
is here included. Heteropora dichotoma, included in
Heteropora by de Blainville, is here considered to be
correctly assigned to Ditaxia. Characters seen in thin-
sections of specimens assigned to H. dichotoma by Bassler,
the third species included in Heteropora by de Blalnville,
are not consistent with the concept of Heteropora as under-
stood here.

Thin-sections made from topotypes of H. magna O'Don-
oghue and O'Donoghue and H. pacifica Borg, and sectlons
made from a syntype and identified specimens of H. pelllcu-
lata Waters, revealed the followlng characters:

1) Zoaria have coaxial exozones and endozones.
2) Zooecia are dimorphic.
3) Zooecial walls are composed of aborally oblique
laminae.
L) Terminal (and possibly peristomial), intermediate,
and basal dlaphragms occur.
These characters are not consistent with the concept of
Heteropora, and the above specles are asslgnable to another,
probably unnamed genus.
The internal characters of numerous other specles

assigned to Heteropora by authors are presently unknown.
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Discussion - Heteropora was erected by de Blalnville for

three species first described by Goldfuss (1826) and
placed in his genus Ceriopora. Goldfuss (1826, p. 32) had
erected the genus Ceriopora and assigned twenty-eight
specles to 1t, all of them new. Heteropora was erected by
de Blalnville to separate from Cerlopora Goldfuss those
species which "se distingue essentiellement par l'extence
de deux sortes de cellules ou de pores, les unes deux ou
trois fols plus grandes que les autres . . . et composées
de couches enveloppants”. De Blainville, in erecting
Heteropora, apparently had based hls dlagnosis only on the
figures and descriptions of Goldfuss, and had not observed
an actual speclmen assignable to the genus because he
wrote, "Nous ne voudrions cependent pas assurer ce dernier
point, n'ayant pas encore analysé nous-meme une espece
d'heteropore®. (%ce dernier point" refers to "de couches
enveloppants") de Blainville, 1834, p. 417.

Gregory 1ls the first reviser of Heteropora de Blain-
ville because in 1896 (p. 201) he cited H. cryptopora
(Goldfuss) as the type species of Heteropora. In 1509
(p. 185), he noted that "Of these three species H. crypto-
pora was mentloned first and of the others the C. anom;ié-
pora, Goldf., 1s a Ditaxla and C. dichotoma, Goldf., is a

Sparsicavea."

A single character, zooecial dimorphism, had been
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consistently cited by authors, except Haime (1854), as
diagnostlc for Heteropora. The occurrence of dimorphic
zooecla was not, however, confirmed in this study. "Poly-
morphism 1s discontinuous variation in the morphology of
zoolds arising at the same astogenetic stage". (Boardman,
Cheetham, and Cook, 1970, p. 9). The authors in the
discusslon followlng described ways in which dimorphism
may be expressed, and these are summarized below:

1) The possession or lack of a given structure.

2) Particular location within a given budding pattern.

3) Difference in size.

4) More complex differences in terms of both structure
and function.

Consistent differences between zooeclia were not
recognized in external or internal examination of type and
nontype specimens of H. cryptopora, the type specles.
There was some variation in the size of zooecial apertures;
but no consistent arrangement of larger or smaller poly-
morphs in the sense of Borg was recognized. A diagram of
the frequency distribution of zooecial void dlameters was
constructed from measurements of randomly selected zooecia
in the lectotype and in a single nontype specimen (text
fig. 14A). The dlagram shows a continuous and nearly

normal distribution with moderately negative skewness.
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Gregory (1896, p. 201, and 1909, p. 185) referred to
the small dimorphs as mesopores and stated that Heteropora

was "most closely allled to the genus Heterotrypa", a

Paleozoic trepostome. Internal characters as outlined
here, however, make as close a relationship to the Trepo-
stomata as suggested by Gregory appear highly improbable.
Borg (1933, p. 283) apparently based his diagnosis of
Heteropora on Recent species which he assigned to the
genus, in part characterizing the genus as "autozolds . . .
not forming clusters; kenozolds smaller and much more
numerous than the autozoids, located between them and thus
separating them."

The consistent citation of dimorphism as a diagnostic
character apparently stems, 1n most lnstances, from three
factors:

1) Reference to the original figures of Goldfuss which
were somewhat idealized, especlally magnified views.

2) Reference to de Blainville's definition which, again,
was derived by examination of figures rather than
specimens.

3) Consideration of the characters of specles other than

the type specles.

Remarks on wall structure - The microstructure in all

specimens sectioned was poorly preserved. In thin-section,
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the zooeclal walls are light grey to light brown in color,
and homogeneous to subgranular with a scattering of small
dark grains. Often the boundary between the zooecial wall
and calclte infillings of the zooeclal chambers was poorly
defined (pl. 22, fig. 2a). Orally convex lineations were,
however, sometimes observed (pl. 35, figs. la, 2a). These
are interpreted as remnants of originally laminated micro-
structure.

Light-colored, homogeneous calcite forms irregular
bodles in the cortex. This material 1s probably secondary
in origin because it cuts across laminate microstructure
unconformably (pl. 35, fig. 2a). The original zooeclal

wall tissue is inferred to have been laminate.
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Heteropora cryptopora (Goldfuss), 1826

Plate 21, figures la-g; Plate 22, flgures 1, 2a-c; Plate
23, figures 12, b, 22, b.

Type - UB 118a is here designated as the lectotype. UB
118a was figured by Goldfuss, 1826, pl. 10, fig. 3a; von
Hagenow, 1851, pl. 5, fig. 6; Canu and Bassler, 1920, text
fig. 2224, p. 681; and here, pl. 21, figs. la-g, and pl.
22, fig. 1.

Type locality and horizon - Goldfuss (1826, p. 33) cited
the locality as Petersberg bel Maastricht. Rocks exposed

there are Upper Cretaceous, Maastrichtlan in age.

Synonymy

1826 (Ceriopora cryptopora Goldfuss, G. A., Petrefacta
Germaniae: v. 1, p. 33, pl. 10, figs. 3a=-qd.

1830 Heteropora cryptopora (Geldfuss). De Blainville,
H. M. D., Zoophytes: Dictionnaire de Science Natur-
elles, v. 60, p. 382.

1834 Heteropora ¢ topora (Goldfuss). De Blainville,
H. M. D., Manue Actinologie ou de Zoophytologie:
p. 417, pl. 70, fig. 4.

1846 Heteropora cryptopora (Goldfuss). lMichelin, Hardouin,
Iconograpnie Zoophytologique, description par local-
ites et Terrains des Polyplers Fossiles de France et
pays environnants: p. 3.

1851 Ceriopora cryptopora Goldfuss. Hagenow, Frledrich
von, Die Bryozoen der Maastrichter Kreidebildung:
p' 53' Plo 5. figt 6.

1933 non Heteropora cryptopora (Goldfuss). Borg, Folke,
Zool. Bidrag Fran Uppsala, v. 14, p. 283.
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1953 Heteropora cryptopora (Goldfuss). Volgt, Ehrhard,
Geol. Staatsinst. Hamburg, Mitt., v. 22, p. 62-3,
text fig. 1, p. 63, pl. 6, fig. 5.

Material studied - Five syntypes were borrowed from the

Institut fiir Palaeontologie, Universitat Bonn, Bonn. Six
thin-sections and six acetate peel replicas on two slldes
were made from the lectotype, UB 118a. Three thin-sections
and three acetate peel replicas were made from one paralec-
totype numbered collectively with four other paralectotypes
as UB 118b. The paralectotype sectioned was figured by
Goldfuss, 1826, pl. 10, fig. 3b; and here, pl. 22, figs.
2a-c, pl. 23, fig. 1b. Most of both specimens remalin as
remnants after thin-sectioning.

Thin-sections and acetate peel replicas were also
made from eleven specimens collected from the Maastricht-

ian, Maastricht, Netherlands (USNM Loc. 2387).

Description

Growth habit - Zoaris are commonly robust masses with

bulbous outgrowths or subcylindrical branches (pl. 21,

fig. 1a). Overgrowth units are lenticular and commonly
have moderately to strongly convex distal and concave prox-
imal surfaces (pl. 21, fig. 1f; pl. 22, fig. 2b; pl. 23,
fig. 2b). Branches are formed by the synchronous expansion
of intrazoarial overgrowths from independent loci (pl. 22,

fig. 2b). The chambers of a few zooecla (commonly located
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near major growth axis) are continuous from subjacent to
supra jacent overgrowth (pl. 22, figs. 2b, c¢; pl. 23, flg.
2b), indicating a boundary between growth phases. The
zooecial walls of continuously growing zooecia commonly
show thin dark zones followed by thin-walled and often
offset growth (pl. 23, fig. 2b). Laterally, the subjacent
zoarial surface is draped by a thin (about .005 mm), dark-
colored basal layer which generally sags partly into the
sub jacent zooecial chambers (pl. 23, fig. 1a). The basal
layer is distinctly laminate with laminae directed about
parallel to the surface of the basal layer.

Endozone - Zooecia have thin (about .01 mm), parallel-
sided walls (pl. 23, fig. 1la). The walls are homogeneous
to subgranular with thin zooeclilal linings. Interzooidal
pores were rarely observed.

Exozone - Zooecla are nearly stralght, gently curved,
or slightly undulatory in growth. Zooeclal walls are sym=-
metrical in thickness across the zooeclal boundary zone.
The walls are nearly parallel-sided, and show a slight but
reguldr increase in thickness orally. The walls thin near
the aperture, and commonly have rounded to acutely lanceo-
late profiles (pl. 33, fig. 2a; pl. 34, fig. la; pl. 35,
figs. 1b, 2a). Less commonly, slight variation in wall
thickness occurs producing submoniliform cross-sectlons.

Interzooidal pores are small in diameter (about .002 to
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.003 mm) and are seen infrequently (text fig. 14D). Zooec-

jal chambers have elliptical to subelliptical cross-
sectlons.

Digphragms - Intermedlate diaphragms are common in
zooecia subjacent to overgrowths. The dlaphragms are
generally seen about 0.1 to 0.3 mm aboral to the aperture
(pl. 21, figs. 1f, g; pl. 22, figs. 2a-c¢; pl. 23, figs. 1a,
b, 2b). Less commonly, diaphragms are scattered throughout
the overgrowth unit (pl. 23, fig. 2b). The diaphragms gen-
erally are thin (about .003 to .006 mm) and nearly planar,
and show slight aboral flexure at the juncture with the
zooecial wall before merging continuously with the zooeclal
lining.

Basal dlaphragms were seen rarely, occurrlng Jjust
subjacent to the boundary of zoarial growth phases in
zooecia whose chambers are uninterrupted by basal layers.

Brood chambers - Brood chambers occur commonly. The

chambers are wide but shallow (see table 19) and lenticular
with slightly convex proximal and distal surfaces. The
chambers occur in the more proximal portions of a single
overgrowth unit (pl. 21, figs. 1f, g; pl. 23, fig. 2b).
Most subjacent zooecia are closed by the brood chamber
floor; 'a few pass through the chamber to the roof. These
zooecia are commonly thin-walled and continuous with thin-

walled, septate partitions (pl. 22, fig. 1). The parti-
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tions radiate laterally from the open central portion of
the chamber. The brood chamber roof is thick (about .03

to .04 mm); pores are sgbout .01 mm in dlameter.
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TABLE 20
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN HETEROPORA CRYPTOPORA (GOLDFUSS)

Cire. Ellip. Ov. Pyr., Polyg. Triang. Irreg.

Outer Exozone

Regular y 35 9
Sub 7 16 : 1 2
Irregular 1

Inner Exozone

Regular 1 26 3
Sub 9 10 1
Irregular
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Text figure 14 A-D. Histograms and cumulative curve from

c.

the lectotype and one topotype of Heteropora crypto-

pora (Goldfuss).

Normal to maximum cross-sectlional dimension of a
zooeclal chamber.

Ratlio of the maximum cross-sectlonal dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooecial chamber.

Compound 2zooecial wall thickness.

Count of interzooidal pores per zooecial cross-

section.
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Discussion - Von Hagenow (1851, p. 53) returned the species

H. cryptopora to Ceriopora and singled out only one speci-
men of the syntype suite to bear the name C. cryptopora.
This restriction was made in his synonymy of C. cryptopora
by the cltation, "Cerlopora cryptopora Goldfuss. Th.,
Petr. I, p. 33, Taf. X, fig. 3, a (nicht b-d).", and his
statement in the remarks following that: "Mir ist nur
dieses eine Exemplar in Bonnenser Museum, von Maastricht
bekannt." Von Hagenow then assligned the remaining figured
specimens (Goldfuss, 1826, pl. 10, figs. b, ¢, d) to other

specles of Heteropora.

Gregory (1909, p. 188=9) carefully reviewed von
Hagenow's analysis of the specimens from the syntype sulte
of C. cryptopora and remarked that 1t was "slmplest to
restore Goldfuss' conception of this species". He con-
sidered that all of the specimens of the syntype suite
illustrated by Goldfuss (pl. 10, figs. 3a-d) as C. crypto-
pora were conspeclfic; and in doing so, he consistently
referred to the specimen illustrated by Goldfuss (pl. 10,
fig. 3a) as the type.

Gregory's arguments were, in turn, followed by Borg,

1933, p. 283. Borg stated that:

#I think, however, that von Hagenow's ideas as to

the sultable limits of a species were a little exag-
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gerated, and I am not convinced that the specimens
figured by Goldfuss (op. cit.) in his P1l. X, figs.
3a, 3b, and 3¢, did not all belong to one and the
same species. The differences existing between them
seem to me to be easily explalnable by the fact that
they obviously represent different portions of three

zoarlia."

Designation of the lectotype here follows the
previous restriction of von Hagenow (1851), and later

followed by Gregory (1909) and Borg (1933).

Remarks on morphology - Dlaphragms were interpreted to be
Intermediate, rather than basal, because a few show slight
aboral flexure at the juncture with the zooecial wall.

There 1s apparently a relationshlip between diaphragm
emplacement and zoarial growth cycles. Intermedlate dla-
phragms commonly occur singly in a zooecium and are common-
ly emplaced a short dlstance proximal to the terminal
surface of an overgrowth unit. Generally, only zooecia
with chambers continuous orally into the superjacent growth
unit lack diaphragms.

The taxonomic and phylogenetic significance of the

zoarial mode of growth exhibited by H. cryptopora 1s at

present unknown. Description and illustrations of a num-

ber of specles presently thought to be assignable to many
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diverse genera and famllies suggests that repetitious
addition of intrazoarial overgrowths may be a relatively
widespread mode of zoarlal growth in cyclostome bryozoans,
and some trepostomes as well (see Boardman, 1960, p. 39-40,

57-58, pl. 7, fig. 4, for Leptotrypella multitecta Boardman,

a Devonlan trepostome). Below 1s a partial listing of a
few species and l1lllustrations suggesting the occurrence of
thlis mode of growth in Cyclostome Bryozoa:

In Canu and Bassler, 1926 - Ceriopora falax, text

fig. 13,p. 28; Diplocava globosa, text fig. 38, p. 74;

Multicrescls lamellosa, text fig. 2, p. 14; Multigalea

canul, text fig. 31, p. 62.
In Gregory, 1909 - Multicresclils tuberosa, text fig.

54, p. 207; Radiopora neocomiensis, text fig. 74, p. 285;

Reptomulticava fungiformis, text fig. 39, p. 136.

In this study, incremental addition of intrazoarial
overgrowths was seen to play a major role in the zoarial

growth of Diplocava incondita and, to a lesser extent,
Ceriopora micropora.
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Genus Lelosoecla Canu and Bassler, 1920

Type species - Multicrescis parvicella Gabb and Horn,

1861, by original designation and monotypy; Canu and
Bassler (1920, p. 823).

Synonymy

1920 pars Lelosoecla Canu, Ferdinand, and Bassler, R. S.,
United States Natl. Mus., Bull. 106, p. 823.

1922 pars Leiosoecia Canu and Bassler. Canu, Ferdinand,
and Bassler, R. S., United States Natl. Mus.,
Proc., v. 61, p. 99.

1953 pars Lelosoecia Canu and Bassler. Bassler, R. S.,
Treatise on Invertebrate Paleontology: Part G,
Bryozoa, p. G72.

Tentative dlagnosis - Zoaria branched; branches with

well=-differentiated coaxlial exozones and endozones. Dis-
tally growlng branches commonly intersecting and anasto-
mosing. Zooecla dimorphic.

In exozone, zooecial walls distinctly laminate. In
profile section, laminae wavy, sometimes crenulate, form-
ing irregular V- to U-shapes convex orally. Zooecial
lining present.

Intermediate diaphragms occur occasionally in outer

exozone.

TaXa included - Only the type specles, L. parvicella, 1s
here included. Internal characters of other species

assigned to Lelosoecla are unknown to me.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



206
Discussion - Canu and Bassler (1920, p. 823, and 1922,
p. 99) based thelr definition on secondary specimens of
the type species. These secondary speclimens are not con-
sidered to be congeneric with the lectotype. The original
definition by Canu and Bassler (1922, p. 99) was extremely
brief: "Zoarilum consisting of cylindrical tubes and regu-
lar, parietal mesopores", and could apply to many tubular
bryozoans. In 1953, Bassler added the description of the
brood chamber to the definition and figured it. This
addendum was also based on secondary specimens identified
with the type species by Bassler, but not considered here
to be congeneric with Lelosoecla.

Lelosoecla, in its simplicity of appearance and

mode of growth, shows close morphologic similarity to

Tetrocycloecia Canu. The morphologlic differences between

them are considerably less than differences between the
other genera studied. In Lelosoecla, however, dimorphism
is poorly expressed in zooecial dimensions, and inter-

mediate dlaphragms are occasionally seen.
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Lelosoecia parvicella (Gabb and Horn), 1861

Plate 24, figures 1la-h.

Type - ANSP 31261 is deslgnated as the lectotype. The
lectotype 1s the only syntype known to be preserved. The
specimen, ANSP 31261, compares favorably in zoarial form
and surface appearance to Gabb and Horn's illustration
(Gabb and Horn, 1861, pl. 69, figs. 36-38) and is appar-
ently the specimen referred to by Johnson (1905) as the
figured specimen. ANSP 31261 is labeled "Type".

Type locality and horizon - The label with the lectotype

bears the inscription, "Timber Creek, N. J.", one of the
two localities origlnally listed by Gabb and Horn. The
specimen probably comes from the Vincentown formation
(pers. comm. H. Richards, 1967) of Paleocene age.

The age and distribution data cited for L. parvi-
cella is here considered questionable. E. O. Ulrich,
R. S. Bassler and others gathered extensive collectlons
of bryozoans from a number of localitlies in New Jersey
and Delaware, including Timber Creek, the cited type
locality. These collections, now housed by the National
Museum of Natural History and the United States Geologi-
cal Survey in Washington, D. C., were searched for
specimens bearing resemblance to the lectotype; none

was found.
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Synonymy

1861 Multicrescis parvicella Gabb, W. H., and Horn,
G. H., Acad. Nat. Sci. Phila., Proc., v. 12, p. 367.

1861 Multicrescis parvicella Gabb and Horn. Gabb, W. H.,
Acad. Nat. Sci. Phila., Jour., v. 4, ser. 2, p.
ho1, pl. 69, figs. 36-38.

1861 Multicrescis parvicella Gabb and Horn. Gabb, W. H.,
and Horn, G. H., Acad. Nat. Sci. Phila., Jour., v. 5,
ser. 2, p. 178, pl. 21, fig. 70.

1905 Multicrescls parvicella Gabb and Horn. Johnson,
C. W., Acad. Nat. Sci. Phila., Proc., v. 57, p. 5.

1907 non Heteropora parvicella (Gabb and Horn). Ulrich,
E. 0., and Bassler, R. S., Geol. Survey N. J.,
Paleontology Series, v. 4, p. 327, pl. 23, figs. 1-2.

1920 non Lelosoecia parvicella (Gabb and Horn). Canu,
Ferdinand, and Bassier, R. S., United States Natl.

1922 non Lelosoecla parvicella (Gabb and Horn). Canu,
Ferdinand, and Bassler, R. S., United States Natl.
Mus., Proc., v. 61, p. 100.

Material studied - The lectotype was kindly loaned to the

author by Horace Richards, Academy of Natural Sciences of
Philadelphia. Most of the original zoarial fragment re-
mained intact after six thin-sections and four acetate
peels were made. Duplicate peels are preserved in the
National Museum of Natural History collection and the

author's collection.

Description of the lectotype - This description ls based

solely on the lectotype, the only specimen of L. parvicella
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known. This description includes assessment of non-
genetic variation within this colony. No assessment of
genetic or other interzoarial varlation with L. parvicella
is implied in this description.

Growth habit.- Branches are roughly cylindrical.

The zone of zooeclal bending is relatively broad and be-
gins commonly deep in the endozone (pl. 24, fig. 1le).
Zooecial growth axes are moderately undulatory in both
endozone and exozone (pl. 24, figs. 14, e).

Endozone - The zooecial walls are thin and commonly
parallel-sided, sometimes with a small varlation in thilck-
ness giving submoniliform cross-sections (pl. 36, fig. 1le).
Zooeclal chambers are polygonal to subpolygonal in cross-
section. Interzooldal pores are rare. Zooeclal walls are
homogeneous to subgranular with thin, dark zooecial
linings.

Exozone - Large dimorphs are commonly surrounded by
small dimorphs, less commonly are directly adjacent to
another large dimorph (pl. 36, fig. 1if).

Zooeclial walls of large and small polymorphs are
similar in appearance. Both commonly show moderate asym-
metry in thickness across the zooecial boundary zone, and
both have moniliform profiles due, in part, to the flare
of interzoolidal pores and to the longltudinal variation
in wall thickness (pl. 36, fig. 1g). Walls of large poly-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



210

morphs, however, generally appear to be more parallel-
sided in profile. Interzooidal pores were rarely observed
(text fig. 15C).

Diaphragms - Intermediate diaphragms were observed
approximately .02 to .05 mm aboral to aperture in both
large and small dimorphs (pl. 24, fig. 1g). Dlaphragms
are neariy planar and flex aborally at the Jjuncture with

the zooeclial wall to merge with the zooecial lining.
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TABLE 21 (con.)
STATISTICAL SUMMARY OF MEASUREMENTS OF LEIOSOECIA PARVICELLA (GABB AND HORN)
KEY TO SPECIMEN CODE

1. Lectotype, ANSP 31261.
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TABLE 22
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN THE LECTOTYPE OF LEIOSOECIA PARVICELLA (GABB AND HORN)

Circ. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

Exozone

Regular T by 4 1

Sub 7 26 3

Irregular 2 'S 2
- Endozone

Regular 7

Sub 2 1 11 2

Irregular 2
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Text figure 15 A-C. Histograms and cumulative curve from

‘the lectotype of Leiosoecla parvicella (Gabb and

Horn).

A. Normal to maximum cross-sectional dimenslion of a
zooeclal chamber.

B. Hatio of the maximum cross-sectional dimension of a
zooecial chamber to the normal to maximum cross-
sectional dimension of a zooeclal chamber.

C. Count of interzooidal pores per zooeclal cross-

section.
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Discussion « The concept of Lelosoecia, as developed in
the descriptions and illustrations of Ulrich and Bassler
in Weller (1907), Canu and Bassler (1920, 1922) and
Bassler (1953), was based on observations of secondary

specimens assigned to Lelosoecla parvicella. Thin-

sections prepared by R. S. Bassler and published illus-
trations were examined. In addition, a few other second-
ary specimens from the Paleocene, Vincentown formation,
Blackwoodstown, and Vincentown, N. J., identified as

L. parvicella by Bassler, were thin-sectioned and exam-
ined. The secondary specimens (Canu and Bassler, 1920,

p. 824, text figs. 273A-C) are branched, and have co-
axlal endozones and exozones. The branches, however, do
not anastomose, and are small and delicate in appearance
in contrast to the robust anastomosing branches of L. par-
vicella. Zooecia are dimorphic in the secondary specimens
(Canu and Bassler, 1920, p. 824, text figs. 27)D-F). The
small polymorphs are very irregular, nearly sinuous in
growth. The large polymorphs commonly exhibit a cylindri-

cal sheath of homogeneous calcareous tissue around the

zooeclal chamber similar to that seen in Parleiosocecla.
There are thick deposits of interzooidal calcareous tissue
in the exozone similar in appearance to that commonly seen

in hornerids. Intermediate diaphragms are numerous.
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Comparison of this preliminary characterization of
the secondary specimens to that of the lectotype of L.
parvicellas reveals significant morphologic differences.
These differences are conslidered to be at least as signif-
lcant as those which are used to differentiate other genera
treated here. Thus, the secondary speclmens are not con-

sidered here to be congeneric with the lectotype of L.

parvicella.
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Genus Parlelosoecia Canu and Bassler, 1920

Iype species - Parlelosoecia jacksonica Canu and Bassler,

1920, by original designation and monotypy.

Synonymy

1920 Parleiosoecia Canu, Ferdinand and Bassler, R. S.,
Tnited States Natl. Mus., Bull. 106, p. 824,

1953 Parleiosoecia Canu and Bassler. Bassler, R. S.,
Treatise on invertebrate Paleontology: Part G,
Bryozoa, p. G72.

Tentative diagnosis - Zoaria thin, encrusting expansions,

or branched. Branches have strongly differentiated exo-

zones and endozones coaxial with series of hemispherical
chambers. Chambers formed by extensions of basal layer
above substrate. Basal layer laminate; laminae inclined
proximally oblique. Intersection and anastomosis of dis-
tally growing branches common. Zooecla dimorphic.

In endozone, laminate tissue lines zooeclal chamber
entirely, commonly thickest at proximal tip and deposited
directly upon basal layer.

In exozone, cortex of large dimorphs composed of
light-colored, homogeneous-appearing calcite.

Walls of smell dimorphs distinctly laminate. Lam-
inae commonly broadly arched, orally convex, and continu-
ous across boundaries with adjacent small dimorphs. V-
shaped patterns occasionally seen. When ad jacent to large

polymorphs, laminae abut cortex of large polymorphs at
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relatively high angle.
Terminal, intermediate, and basal diaphragms

present.

TaXa included - Monotypic for the type species.

Discussion - P. jacksonica achieves erect branching habit

by an unusual modification of the encrusting mode of
growth. Locally, the basal layer grows above the encrusted
substrate and is extended as a series of hemispherical
chambers. The structure produced forms the axial support
of a distally growlng branch which, in turn, branches to
produce a zoarium with ramose growth hablt. Branching at
short intervals and anastomosis of distally growing bran-
ches as seen in zoarial fragments, suggest that the colony
so produced was at least moderately large and densely
branched in the proximal portions of the colony. Large
polymorphs bud from the latero-distal portion of each
hemlsphere, but apparently never bud from, or overgrow,
the distal tip of the branch, i.e., the distal part of the
heml spheric-axial chamber composed of the basal layer.

The basal layer lacks pores and is structurally
different from the calcareous tissue of zooecial walls.
Also, the basal layer 1s often separated from the recum-
bent zooeclal walls by a dark line. The structural char-

acteristics and the size and configuration of the chambers
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meake 1t difficult to believe that they are zooecial poly-
morphs.

Similar-appearing axlal structures were described by
Pergens (1890, p. 318, text fig. 11) in Cavaria von Hagen=-
ow, and in Semlilaterotubigera d'Orbigny. Pergens stated
that, "leur rdle est inconnu; peut-etre servent-elles a la
reproduction® (thelr function is unknown; perhaps they
serve for reproduction). Such a function seems unlikely
in Parlelosoeclia Jacksonica. The only resemblance to
brood chambers in other cyclostome species 1s the forma-
tion of a relatively large chamber. The axial chambers
differ in position and in structure. Communication pores
to adjacent zooecla were not observed, and there are no

subjacent zooecia. In P. jacksonica, the wall of the

axial chamber 1s an extension of the basal layer, but
brood chamber walls are homologous in structure with zooe-
clal walls and not wlth basal layers. Brood chamber roofs
are commonly (but not invariably) porous. Only a single,
central opening was occasionally observed in the axial
chambers of P. jacksonlica. Finally, hollow structures
with the typical appearance of brood chambers have been

identified in several specimens of P. jacksonica; these

are located in the exozone and are unrelated to the axial
chambers.

The formation of hollow branches by budding of
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zooecia from 2 cylindrical-appearing basal layer is known
in several cyclostome species such as Seminodicrescis
nodosa d'!'Orbigny, Cavaria ramosa von Hagenow (see Gregoxy,
1899, text fig. 54, p. 400) and Spiropora macropora 4'Orb-
igny (see Pergens, 1890, text fig. 11, p. 318). Often
this may be explained by encrustatlon on a previously
existing structure. In Recent specimens of Densipora
corrugata Macgillivray, bits of a tubular, woody, marine
plant are often preserved which the bryozoan encrusted.
Hamm (1881, p. 25) suggested that axial chambers 1ln
Cavaria pustulosa were caused by encrustation on a soft
stem. Gregory (1899, p. 399) stated that this conclusion
was "untenable"”, but suggested no alternatives.

The nature of encrustation in P. jacksonica can, at

present, be inferred only from negative evidence. Remalns
that could be interpreted to be a substrate organism or
structure have nct -een recognized in the axial chambers.
The outer surface of the basal layer is smooth to rugose,
but impressions suggesting encrustation on a substrate
organism were not observed. Partitioning of the axial
hollow by the basal layer suggests that the cavlty was
essentially empty when the partition was emplaced. The
evidence, as presently understood, suggests that the axial
chambers did not encrust a previously existing structure

formed by another orgenism, but that the secreting epi-
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thelium built its own substrate, the basal layer, as

growth continued distally.
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Parleiosoecia jacksonica Canu and Bassler, 1920

Plate 25, figures la-g; Plate 26, figures 1, 2, 3a, b,
bg-c; Plate 27, figures 1, 2a-c, 3, 4, 5; Plate 28, fig-

ures la-f, 2.

Type - USNM Loc. 2933B-1 1s here designated as the lecto-
type. This specimen is figured here in pl. 25, flgs. la-
g, and was figured by Canu and Bassler, 1920, pl. 148,
fig. 2.

Type locality and horizon - The lectotype was probably

collected from the Eocene, Jacksonian, Eutaw Springs,
South Carolina. The original label with the specimen

bears only the word Eutaw.

Synonymy

1920 Parlelosoecia jacksonica Canu, Ferdinand, and
Bassler, R. S., United States Natl. Mus., Bull. 106,
p. 824-5, text fig. 208E, p. 646; 274a-c, p. 825;
pl. 148, figs. 1-13.

1953 Parlelosoecia Jjacksonica Canu and Bassler. Bassler,

R. S., Treatise on Invertebrate Paleontology: Part
G, Bryozoa, text fig. 37, figs. &a, b, p. G72.

Material studied - Five thin-sections and eleven acetate

peels were made from the lectotype. Thin-sections and
acetate peels were made from two of the paralectotypes:
USNM 65447-1 figured by Canu and Bassler in pl. 148, fig.
1; and here, pl. 27, figs. 2a-c; USNM 65449 figured by
Canu and Bassler in text fig. 274A, p. 824, pl. 148, fig.
6, and here, pl. 28, figs. la-f.
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In addition, thin-sectlons and acetate peels were
made from thirty-one specimens from Eutaw Springs, S. C.,
USNM Loc. 2933A. Duplicate acetate peels of all specimens
except USNM Loc. 2933A~1-5 are in the author's collection.
There were many inconsistencies between data as
given on original labels, as cited in Canu and Bassler
(1920) and as cited in catalogue entries for the specimens.
Following is a list of the syntype specimens with cata-
logue numbers and locality data as given on the originsal
labels. Also included is a listing of 1llustrations be-
lieved to be made from a particular specimen, arrived at
by direct comparison of the specimen with illustration.
The labels on Bassler's thin-sections have plate and fig-
ure citations on the original label. It was not possible,
however, to ldentify each section with the cited illustra-
tilon. 1In such instances, the citation as originally cited
is listed with a question mark.
Cat. No. 65446; 5 thin-sections, Jacksonian, Rich Hill,
Georgla.
-1 ? Pl1. 148, fig. 9
-2 ? P1. 148, fig. 10
-3 ? Pl. 148, fig. 11
-4 Pl. 148, fig. 12
-5 Pl. 148, fig. 13
Cat. No. 65447: 2 specimens, Middle Jacksonian, Santee
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River, 3 miles above Lenuds Ferry, S. C.

-1 Pl. 148, fig. 1

-2 Pl. 148, figs. 4, 5.

Cat. No. 65449: 1 specimen, Eocene (Jacksonian Middle),
18 miles west of Wrightsville, Johnson Co., Ga., text
fig. 274A, p. 824, pl. 148, fig. 6.
No Cat. No.: 4 specimens apparently not catalogued at
the same time as the other specimens. Eocene, Mlddle
Jacksonlan, Eutaw Springs, S. C.

-1 Pl. 148, fig. 2

Remainder unfigured.

Description

Mode of growth - Branches are commonly cylindrical,

occaslonally frondose. The distal-most portion of the
axlal chamber 1s sometimes open, with the basal layer
flexing distally to form a lip around the opening (pl. 26,
fig. 4b; pl. 27, fig. 4). A narrow zone of zooecial bend-
ing separates the well-differentiated exozone and endozone
(pl. 38, fig. 3a).

Endozone - The walls of large polymorphs are thin
and parallel-sided. Large polymorphs are slightly undula-
tory in thelr growth, are inclined at a low angle to the
branch axis (commonly less than 30°), and are long (approx-

imately 1.5 mm from proximal tip to zooecial bend). Large
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polymorphs bud in ranges parsllel to a branch axis. Zooe-
cia in adjacent ranges are budded alternately. The over-
lap of adjacent recumbent zooeclia is commonly accomplished
by the interwedging of prismatic zooecla which have regu-
lar polygonal cross-sections (pl. 39, fig. 5). Sinus and
keel accomodation is seen less commonly. The budding
pattern is expressed in the exozone by a more~or-less
regular, rhombic distribution pattern of large dimorphs
(pl. 39, fig. 2a).

Exozone - Large dimorphs have thin, parallel-sided
walls which show little change in thickness throughout the
exozone. The walls project slightly above the zoarlal
surface. Zooecial chambers of large dimorphs are commonly
elliptical to subcircular in cross-section. Interzooidal
pores are seen rarely.

The longitudinal profiles of the zooeclal walls in
small polymorphs ar: somewhat variable in appearance.

The walls sometimes show little longlitudinal variation in
thickness, sometimes show gradual increase orally (pl. 40,
fig. 1f), or show longitudinal, commonly annular, varia-

tion in thickness. The walls are commonly thickened sub-
symmetrically across zooeclial boundary zones, but clavate,
clrcular, or clavate monllar cross-sections are often ob-
served. Zooecial chambers have subcircular to elliptical

cross-section.
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Diaphragms - Terminal dlaphragms sometimes occur.
Generally, the diaphragms are slightly (about .05 mm) sub-
apertural in position. The dlaphragms have planar oral
surfaces and orally convex aboral surfaces. They have
short aborally flexed abutments.

Intermediate diaphragms are common in occurrence,
but frequently show large variability from zoarium to
zoarium. Generally, no more than one diaphragm occurs in
a single zooecium. Neighboring zooecia commonly have dia-
phragms in similar positions (pl. 38, figs. 3a, 3b; pl. 39,
fig. 2b). The diaphragms are thin and planar to slightly
convex orally, and they flex abqrally at the juncture with
the wall to either merge with the zooecial lining, or to
form a short, thin abutment distinct from the zooecial
lining.

Basal diaphragms were rarely observed, and occur in
both large and small dimorphs. The diaphragms are thick,
with slightly wavy laminae about parallel to the dlaphragm
surface. The diaphragms are orally flexed at the juncture
with the zooecial wall.

Brood chaﬁbers - Brood chambers occur in the middle

and outer exozone, and are lenticular to subconical with
a planar to domal roof (pl. 40, fig. 1d). The walls of
zooecla subjacent to brood chambers often become thin-

walled (to about .01 mm) as much as .1 mm proximally from
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the brood chamber (pl. 40, fig. id). The brood chamber
floor is thin (less than .01 mm). Most zooecia are sealed
at the floor of the brood chamber, but a few large poly-
morphs pass continuously through the chamber to the roof
(pl. 40, figs. 1b, ¢, 2). Intra-brood chamber zooecia
have thin, parallel-sided walls (pl. 40, figs. 1lc, e).

The intra-chamber zooecia are often continuous with vert-
ical septate partitions distributed radially away from the
center of the brood chamber, but leave the central area
open. The roof 1s thick (about .03 mm) and porous (pores
up to .01 mm in dlameter). When abandoned, the brood
chamber is submerged by a basal layer extending from lat-

eral zooecia, and new zooecia bud from the basal layer.
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TABLE 24
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN PARLEIOSOECIA JACKSONICA CANU AND BASSLER

Cire. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

large Polymorphs - Exozone

Regular 3 8
Sub T 2
Irregular

Small Polymorphs - Exozone

Regular 2 50 8
Sub 3 20 4
Irregular 5
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Text figure 16 A-D. Histograms and cumulative curve from

the lectotype and two topotypes of Parlelosoecla

jacksonica Canu and Bassler.

A. Normal to maximum cross-sectional dimension of a
zooecial chamber.

B. Ratio of the maximum cross-sectional dlmension of a
zooecial chamber to the normal to maximum cross-
sectional dimension of a zooecial chamber.

- C. Compound zooecial wall thickness.
D. Count of interzooidal pores per zooecial cross-

sectlon.
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Remarks on mode of growth - Boardman and Utgaard (1966,

p. 1033, 1036, text fig. 1, p. 1083) reconstructed the
three-dimensional shapes of zooecia in seversal encrusting
Paleozoic bryozoans. The recumbent endozonal portions of
zooecia commonly developed an interlocking sinus and keel
configuration. Thls configuration was apparently related
to the utilization of available space, and was reflected
in orderly budding patterns and in the regular arrange-
ment of zooeclal apertures as seen at the zoarlal surface.
Boardman and Utgaard believed that this configuration
might be widespread in encrusting tubular bryozoans.

In P. Jacksonlca, the appearance of endozonal zooec-
la as seen in transverse section, e.8., first row triang-
ular to hemispherical, second row submushroom shape, ete.,
is generally comparable to the cross-sectional shapes of
zooecia as described and 1llustrated by Boardman and Ut-
gaard, suggesting that the recumbent, endozonal portion of
zooecla also have an interlocking sinus and keel configur-
ation. 1In P. jacksonica, this pattern is modified because
the large polymorphs are oriented radially from, and are
recumbent upon, a nearly spherical surface (the axial
chamber) rather than a nearly flat surface as seen in the
encrusting, sheet-like colonies examined by Boardman and
Utgaard. Accomodation to this spherical surface may, in

part, explain the less regular polygonal shapes seen in
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P. Jjacksonica (pl. 39, fig. 5).
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Genus Reptonodicava d'Orbligny, 1854

Type species - Ceriopora globosa Michelin, 1846, by sub-
sequent designation, Bassler (1935, p. 186).

Synonymy

1846 pars Ceriopora Goldfuss. Michelin, Hardouin, Icon-
ographie Zoophytologique, Description par Localités
et Terrains des Polyplers Fossliles de France et Pays
Environnants: p. 246.

1854 Reptonodicave d'Orbigny, A. D., Terrain Crétace Bryo-
zoalres: Paleontologle Frangaise: Description des
Animaux Invertébrés, v. 5, p. 1014,

1896 pars Ceriopora Goldfuss. Gregory, J. W., Catalogue
of Fossll Bryozoa in the Department of Geology,
British Museum (Natural History), The Jurassic
Bryozoa: p. 195.

1909 pars Cerliocava d'Orbigny. Gregory, J. W., Catalogue
of Fossll Bryozoa in the Department of Geology,
British Museum (Natural History), The Cretaceous
Bryozoa: v. 2, p. 127.

1920 pars Ceriopora Goldfuss. Canu, Ferdinand and
Baszler, R. S., United States Natl. Mus., Bull. 106,
p. 678.

1935 Reptonodicava d'Orbigny. Bassler, R. S., Fossilium
Catalogus, 1, Pars 67, Bryozoa: p. 186.

1953 pars Ceriopora Goldfuss. Bassler, R. S., Treatise
on Invertebrate Paleontology: Part G, Bryozoa,
p. G67.
Tentative diagnosis - Zoarla globose, hemispherical to
cylindrical; sometimes with bulbous to branch-like out-
growths or having less regular, massive shapes. Zoarlal
surface smooth or uneven, commonly with ridge-like to

pustulose monticules. Intrazoarlal overgrowths generally

covering large areas of growth surface proximally, commoniy
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becoming less common and more localized distally. Endozones
are thin and directly adjacent to basal layers or not devel-
oped.

In exozone, zooecilal walls laminate. Laminae diverg-
ing orally at high angle from zooecial boundary zone, arch-
ing convex orally across cortex and recurving aborally.
Zooecial walls having narrowly integrate appearance in
cross-section.

Terminal dlaphragms and intermediate diaphragms
occurring; basal diaphragms common. Intrazooecial spines

sometimes seen.

Taxa included - Only the type species 1s included here. The

internal characters of the second species, R. mamillosa
d'Orbigny, assigned to Reptonodicava by 4'Orblgny, and specles

assigned to Reptonodicava by other authors are unknown to me.

Discussion - Bassler (1935) designated the type species of
Reptonodicava without comment. 1In 1953, Bassler placed
Reptonodicava in synonymy with Ceriopora following Gregory
(1896) and Canu and Bassler (1920). Comparison of thin-
sections of the type species of both genera reveals signifi-
cant differences in morphology. The zooecial wall of R.
globosa is regular and highly symmetrical, but relatively
irregular and much less symmetrical in C. micropora
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Goldfuss, the type species of Ceriopora. R. globosa is
characterized by numerous, closely spaced basal diaphragnms,
but basal diaphragms have not been identified in C. micro-
pora. Intrazoarial overgrowth appears to be a more im-
portant means of zoarial increase in C. micropora than in

R. globosa. In C. mlcropora, the exozonal zooecial walls
apparently are composed of orally convex laminae; in R.
globosa, the walls are probably laminate, but the laminae

are recurved from the boundary zone. On the basis of these

observable differences in morphology, Reptonodicava and

Cerlopora are retained here as separate genera.

Remarks on wall structure - Microstructure of the zooecial

walls was poorly preserved in all specimens available for
study. Often, secondary changes have obscured the bound-~
ary between the zooecial wall and secondary infilling of
the zooeclal chamber. Commonly, zooecia appear to have
granular or sometimes vaguely laminated structure. Well-
defined lineations were observed in a few instances. The
lineations, inltiated at the boundary zone, are broadly
arched and orally convex across the cortex. These linea-
tlions are interpreted as remnants of primary lamination.
The lamination has been observed to occur only in outer
thick~walled portions of the zooecial wall. Presumably,
it grades proximally with granular tissue, but its true

extent 1s unknown.
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Thls wall structure is like that seen in Diplocava;
also, growth habits show some similarity. Diplocava, how-
ever, has numerous peristomlal diaphragms and almost no

basal diaphragms.
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Reptonodicava globosa (Michelin), 1846

Plate 29, figures la-h; Plate 30, figures la-g; Plate 31,
figures 1, 2, 3a-d; Plate 32, figures 1, Z2a-c.

Type - Sherborn (1940) cited the repository for the speci-
mens described and lllustrated by Michelin 1in the Icono-
graphie Zoologlque as the Caen Museum, Caen (Calvados),
France. Unfortunately, all of the pre-World War II col-
lections housed at Caen are believed to have been des-
troyed in the bombardment during the invasion of Normandy.
A few of Michelin's specimens have been preserved at the
Muséum National d'Histoire Naturelle, Jardin des Plantes,

Paris, but Michelin's specimens of Cerlopora globosa are

not known to be among them (pers. comm. E. Buge, 1969).
Michellin did not designate a holotype, and no specimen 1is
known by me to have been designated as the lectotype.

Type locality and horizon - Lebissey, Luc, Ranville (Cal-

vados), France; Middle Jurassic, Bathonien.

Synonymy

1821 non Millepora conifera Lamouroux, J. V. F., Expo-
s1tion Méthodique des Genres de 1l'Ordre des Poly-
" plers, des Zoophytes d'Ellis et Solander: p. 87,
pl. 83, figs. 6, 7.

1824 non Millepora conifera Lamouroux. Defrance, J. L. M.,
Dictlonnaire de Science Naturelles, v. 31, p. 84.

1846 Ceriopora globosa Michelin, Hardouin, Iconographie
Zoophytologique, Description par Localites et Ter-
rains des Polypiers Fossliles de France et Pays En-
vironnants: p. 246, pl. 57, fig. 5.
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1854 Reptonodicava globoss (Michelin). D'Orbigny, A. D.,
Terrain Crétacé Bryozoalres: P%leontologie Frangalse
Description des Animaux Invertébrds, v. 5, p. 1014,
1896 Ceriopora globosa lichelin. Gregory, J. W., Cata-
logue of Fossil Bryozoa in the Department of Geology,
British Museum (Natural History), The Jurassic Bryo-
zoa: p. 195-7, text fig. 18, p. 196.
1920 Ceriopora globosa Michelln. Canu, Ferdinand, and
Bassier, R. 5., United States Natl. Mus., Bull. 106,
Material studied - Specimens from 4'Orbligny's collection,
identified by d'Orbigny as Reptonodicava globosa, were
borrowed from the Muséum National d'Histolre Naturelle,
Parls. These specimens were almost certainly studlied by
d'Orbigny for his concept of the genus Reptonodicava, and
it is possible that he had compared these specimens direct-
ly with Michelin's primary types of Ceriopora globosa.
The specimens (d'Orb. Coll. 2988-1 through 5) display the
characters described by Michelin, and resemble his illus-
trations closely in zoarial shape, surface topography and
external appearance of zooecial openings (compare pl. 30,
fig. 1a to pl. 57, figs. 5a, b of Michelin, 1846). 1In
addition, d'Orbigny's specilmens were collected at Luc
(Calvados), France, one of three localitles cited by
Michelin. For the above reasons, d!Orbigny's specimens
are considered to be conspecific with R. globosa in spite
of the present impossibility of direct reference to

Michelin's primary types.
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Thin-sections and acetate peels were made of specl-
mens MNHN d'Orb. Coll. 2988-1 to -3. The card to which
the specimens were attached glves the following: Bathonien,
Iuc (Calvados). Thin-sections and acetate peels were also
made from USNM 32171-1 to -5 from the Bathonien, Ranville
(Calvados), and USNM 32180-1 to -4, Bathonien, Langrun.
Duplicate acetate peels are preserved in the National
Museum of Natural History collection and the author's col-

lection.

Description
Mode of growth - Zoarla relatively large (see table

25). Basal layers of locally occurring intrazoarial over-
growths are relatively thick (.01 to .02 mm).

Exozone - Zooecia often grow continuously for long
distances (pl. 43, fig. 3a; pl. 44, figs. 1, 2a-c).
Zooecial walls are symmetrically thickened across zooecial
boundary zones. Two major variations are seen locally 1n
the longitudinal profile of the zooeclal walls. 1In one
type, zooecial walls show slight longitudinal variation in
thickness malnly associated with widely flared inter-
zooldal pores, and resulting in moniliform profiles. Mon-
111 are commonly circular, oblong or elliptical (pl. 44,
fig. 3c¢c), less commonly clavate, obovate or sagittate. The

monili show little variation in thickness longitudinally
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resulting in a zooecial chamber with relatively smooth
sides overall. When interzooidal pores are uncommon, the
zooeclal walls locally are parallel-sided (pl. 41, fig. le).

On a larger scale, zoaria show repetition of growth
zones in whlch zooecial walls gradually increase in thick-
ness (pl. 44, figs. 1, 2a-c), producing elongate club-
shaped profiles (as modified by local variations described
above). Each thick-walled terminal phase is followed by a
renewal of thin-walled growth. The boundary zones of major
growth phases are commonly marked by concentrations of
opaque granules within the wall (pl. 44, figs. 1, 2a-c).
Subzones within each major growth phase are marked by thin-
ner concentrations of opaque granules in the wall (pl. 44,
fig. 2c¢).

Zooeclal chambers commonly have elliptical to sub-
elliptical and smoothly rounded cross-sections. Less com-
monly, shovt, blunt, intrazooecisl spines extend into the
chamber producing crenulate outlines. Interzooldal pores
are numerous and have large diameters (table 25, ZdPr-
MnDr) .

Digphragms ~ Terminal diaphragms occur infrequently

and are generally seen subjacent to intrazoarial over-
growths, usually with a small space between the diaphragm
and the suprajacent basal layer (pl. 43, fig. 3d). The
dlaphragms are commonly planar, about .01 to .02 mm thick,
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and have a short, aborally curved abutment.

Basal dliaphragms are thin (about .001 to .002 mm),
numerous, and often evenly spaced (pl. 31, fig. 3a; pl. 32,
fig. 2c). The diaphragms may be slightly arched aborally,
laminate with two or three laminae, and arched orally at
the juncture with the zooecial wall which forms an abut-
ment distinct from the zooecial wall (pl. 43, fig. 1).

Intermediate dilaphragms occur rarely and are seen in
the proximal parts of zoaria. The diaphragms are thin
(about .001 mm) and arched orally. They flex aborally at
the Jjuncture with the wall to merge with the zooeclal

lining.
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TABLE 26
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN REPTONODICAVA GLOBOSA (MICHELIN)

Cire. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

Outer Exozone

Regular 5 32
Sub 6 17 6
Irregular 1 15

Inner Exozone

Regular 10
Sub i 1
Irregular 5
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Text figure 17 A-D. Histograms and cumulative curve from

C.
D.

three topotypes of Reptonodicava globosa (Michelin).
Normal to maximum cross-sectional dimension of a
zooeclal chamber.

Ratlo of the maximum cross-sectional dimension of a
zooeclal chamber to the normal to maximum cross-
sectional dimension of a zooecial chamber.

Compound zooeclal wall thickness.

Count of interzooldal pores per zooecial cross-

section.
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Discussion -~ Michelin described Cerlopora globosa as a
new species, but cited Millepora conifera Defrance (1824,
p. 84) as a synonym. This reference was investigated be-
cause Ceriopora globosa might be considered as a junior
subjective synonym of Millepora conifera.

Defrance (1824, p; 84) had not erected M. conifera,
and clearly referred the name to Lamouroux (1821). De-
france included a restatement of Lamouroux' original des-
cription with the addition of his own observations, pre-
sumably drawn from specimens which he identified as M.
conifera Lamouroux.

Ferhaps Michelin was referring to specimens which
Defrance described as globular varietles of M. conlfera;
however, Michelin made no statement to that effect.
Therefore, only the specimens described by Lamouroux bear
on the possibility of synonymy.

Lamouroux' specimens are presumed lost, and a direct
comparison cannot be made. In this case, however, Lam-
ouroux' figures are considered to be adequate for compara-
tive purposes. Both the zoarial form and the external
appearance of the zooeclal openings in M. conifera Lamour-
oux are quite different from the same characters as illus-
trated by Michelin for Cerlopora globosa. Thus, Michelin
1s considered to have made an error in placing Millepora

conifera Defrance in sSynonymy wlth Ceriopora globosa.
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Genus Tetrocycloecia Canu, 1919

Type species - Tetrocycloecla dichotoma Canu, 1919, by

original designation, for specimens misidentifled by

Reuss (1848) as Heteropora dichotoma Goldfuss (1826).

Synonymy

1848 pars Heteropora de Blainville. Reuss, A. E. von,
Ein Monographischer Versuch: Naturwiss. Abh.,
v. 3, p. 35.

1919 Tetrocycloecia Canu, Ferdinand, Soc. Géol. France,
Bull., ser. &, v. 17, p. 346.

1920 Tretocycloecia Canu, Ferdinand, and Bassler, R. S.,
United States Natl. Mus., Bull. 106, p. 826. Obj.
syn.

1953 Tretocycloecla Canu and Bassler. Bassler, R. S.,
Treatise on iInvertebrate Paleontology: Part G,
Bryozoa, p. G70. Obj. syn.

1957 Iretocycloecla Canu and Bassler. Buge, Bmnil, Mus.

Natl. d'Histoire Naturelle, lém., ser. C, Sclences
de la Terre, v. 6, p. 127. Obj. syn.

Tentative dlagnosls - Zoaria branching. Branches have exo-

zones coaxial with endozones, but intergrading through
broad zones of zooeclal flexure. Zooecla dimorphic.

In outer exozone, zooecial walls indistinctly lamin-
ate. Laminae broadly arched, convex orally, and continuous
across zooeclal boundary zone. Zooeclal lining present.

Intrazooecial structures not observed.

Taxa included - Only the type specles, Tetrocycloecia

dichotoma Canu, 1919a. The internal characters of other

species assigned to Tetrocycloeclia are unknown to nme.
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Discussion - Canu and Bassler (1920, p. 826) emended

Canu's origlnal spelling of Tetrocycloecia to Tretocyclo-

ecla. This emendatlon has been followed by later authors;
Buge (1957, p. 127) believed that the emendation was justi-

fied because “Tetrocycloecia résultant d'une erreur de

transcription du mot grec ayént servi de base au préfixe
du nom du genre." Canu, however, used the prefix tetro
six times in the original publication:
a) p. 346, original spelling of Tetrocycloecliadae, a new
family, repeated twice.

b) p. 346, original spelling of Tetrocycloecla, a new

genus repeated in the explanation of pl. 10.
c) p. 346, original spelling of Partetrocycloecia, a new
genus.
Thus, there is no evidence in the original publication
that could be interpreted as an insdvertent error by
Artlcle 32a, 11, of the ICZN, which specifically excludes
incorrect transliteration from consideration as an inad-
vertent error. Evidence for an inadvertent error was not
glven by Canu and Bassler (1920) when the spelling was

emended. The orlginal spelling, Tetrocycloecia, is herein

retained; and Tretocycloecis Canu and Bassler (1920) and
subsequent authors is considered as an unjustified emenda-
tion; therefore, a junior objective synonym of Tetrocyclo-
ecia Canu (1919).
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Tetrocycloecia dichotoma Canu, 1919

Plate 45, figures la-f; Plate 46, figures 1la-d, 2a-b, 3.

Type - Six specimens (NMW 1859 L686-1, 2, 3, and NNMW
1867x1-1, 2, 3), identified by Reuss as Heteropora dicho-
toma Goldfuss, are preserved at the Naturhlstorisches
Museum, Wien.

Specimen NMW 1859 1686~1 bears a close resemblance
to Reuss' figure, 1848, pl. 5, fig. 20 (see pl. 33, fig.
la). The remaining specimens are consistent in external
appearance with Reuss' description (1848, p. 35) and
figure, and were collected at Eisenstadt, Aﬁstria, the
type locallty. These specimens are not, however, consid-
ered here to be syntypic. BReuss commonly listed the date
of publication in which a specimen was described, 1llus-
trated, or both, as part of the identificatlion number of
the specimen (fide A. H. Cheetham). The identification
numbers wlth the specimens studied here do not correspond
to any publication of the same date and are considerably
later than the original publication in 1848. Although the
specimens are not known to be primary types, they are con-
sidered to be the most authoritative specimens available.
Specimen NMW 1867xL-1 was figured by Manzoni (1877, pl.
12, fig. 46).

Type localitz and horizon - Mlocene, Tortonlan, Leitha-
kalke; Eisenstadt, Austria.
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Synonymy

1826 non Cerioporsa dichotoma Goldfuss, G. A., Petrefacta
Germeniae: V. i, p. 35. pl. 10, figs. 9a-e,

1848 Heteropora dichotoma (Goldfuss). Reuss, A. E. von,
Ein Monographischer Versuch: Naturwiss. Abh., v. 3,
po 35, pl. 5' figs. 208. b0 Mis-I-Do

1877 Heteropora dichotoma (Goldfuss). Manzoni, A.,
I Briozol Fossilil del Miocene d'Austria ed Ungheria:
Part 3. po 19' plo 12 fis. 46 MiS_I Dt

1919 Tetrocycloecia dichotoma Canu, Ferdinand, Soc. Géol.
France, Bull., ser. &4, v. 17, p. 346, but non pl.
10, fig. 10.

1920 non Tretocycloecia dichotoma Canu, Ferdinand, and
Bassler, R. S., United States Natl. Mus., Bull. 106,
p. 826, text fig. 275A-I. Mis-I.D., Inv. Emend. Sp.

1920 ? Tretocycloecla dichotoma Canu and Bassler. Canu,
Ferdinand, Soc. Géol. France, Bull., ser. 4, v. 19,
p. 213. Inv. Emnend. Sp., Mis-I.D.?, no text or
plate.

1922 non Tretocycloecia dichotoma Canu and Bassler. Canu,
Ferdlnand, and Bassler, R. S., United States Natl.
Mus., Proc., v. 61, p. 108-10, text fig. 31A, B.
InV. Ehlend- Sp-| Mis"IoDo

1934 non Tretocycloecia dichotoma Canu and Bassler. Canu,
FerdInand, and Lecointre, G., Soc. Géol. France,
Mém., v. 9, Part 4, p. 197-8, pl. 38, figs. 1-14.
InV. mendo Spo’ MiS"I Do

1957 non Tretocycloeclia dichotoma Canu and Bassler.
Buge, Emil, Mus. Natl. d'Histoire Naturelle, Mem.,
ser. C, Sciences de la Terre, v. 6, p. 127-9. Inv.
mendo Spo, MiS-I.D.

Material studied - The specimens, NMW 1859 1686-1, 2, 3,

and NMW 1867x1~1, 2, 3, were kindly loaned by Dr. Heinz

Kollman, Naturhistorlisches Museum, Wien. Three specimens

were thin-sectioned and peeled:
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1859 L686-1. 3 thin-sections, 3 acetate peels. Part of
the specimen remained after sectioning.
1859 1686-2. 3 thin-sections, 3 acetate peels. Part of
the specimen remained after sectioning.
1867xL1-1. 1 thin-section and 2 acetate peels.
Duplicate peels are preserved in the National Museum of

Natural History collection and the author's collection.

Description -

Mode of growth - Branches are subcylindrical. Zoo-

ecia commonly intersect the zoarial surface at 60° to 80°
(pl. 33, fig. 1f; pl. 34, figs. 1b, c).

Endozone - Zooecla are undulatory in growth. Zooe-
clal walls are generally symmetrically to subsymmetrically
thickened across zooecial boundary zones, and are parallel-
sided to variably thickened with submoniliform to monili-
form cross-sections (pl. 33, fig. 1g; pl. 34, fig. 24).
Zooecial chambers are commonly subelliptical in cross-
section. Interzooidal pores are rare, but are large in
diameter (about .01 mm). Zoocecilal walls are homogeneous
to subgranular in appearance with a thin zooecial lining.

Exozone - Large dimorphs are slightly undulatory and
intersect the zoarlal surface at 60° to 80°. The walls of
large dimorphs have apertural rims which project slightly
above the zoarial surface. ILarge dimorphs are generally

separated by small dimorphs, and commonly are evenly dis-
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tributed (pl. 33, figs. la-c, d; pl. 34, figs. la, ¢, 2a,
3). Chambers of large dimorphs have elliptical to sub-
circular cross-sections. Zooecial walls in the inner exo-
zone commonly have subgranular cortices with thin zooeclal
linings. Lamination becomes more distinct orally, some-
times forming thin zones of laminate tissue which are
broadly arched convex orally across the boundary zone.
Also, the zooecial lining thickens in the outer exozone to

eabout .02 mm.
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TABLE 28
FREQUERCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN TETROCYCLOECIA DICHOTOMA CANU*

Circ. Ellip. Ov. Pyr. Polyg. Trieng. Irreg.

Large Pol s - Exozone
Regular 1 3
Sub 1
Irregular

Small Polymorphs - Exozone

Regular 6 35 16 1
Sub 22 10 12
Irregular

Endozone
Regular 1
Sub 3 10 2 2
Irregular 1

* Outlines of exozonal zooecisl voids were estimated from NMW 1859
1686-1 (50 zooecia) and NMW 1867xLl~-1 (49 zooecie). Outlines of

endozonal zooecial voids were estimated from NMW 1859 1686-1.
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Text figure 18 A-D. Histograms and cumulative curve from

three topotypes of Tetrocycloecia dichotoma Canu.

A. Normal to maximum cross-sectional dimension of a
zooeclal chamber.

B. Ratio of the maximum cross-sectional dimension of a
zooecial chamber to the normal to maximum cross-
sectional dimension of a zooecial chamber.

C. Compound 2zooecial wall thickness.

D. Count of interzooidal pores per zooeclal cross-

section.
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Discussion - Canu (1919) and subsequent authors mlstakenly
cite the type specles of Tetrocycloeclia as Heteropora
dichotoma Reuss, 1848. ﬁeﬁss had identified a sulte of

specimens from Elsenstadt as Heteropora dichotoma (Gold-

fuss), 1826. Canu (1919, p. 346) stated that "Reuss a con-

fondu cette espéce avec Ceriopora dichotoma Goldfuss 1826",

and designated Heteropora dichotoma Reuss as the type
species of Tetrocycloecia. By Article 70B of the ICZN,

the primary type specimens of Tetrocycloecia dichotoma

were the specimens before Reuss, but by Article 70B, the

name assigned to those specimens is Tetrocycloecia dicho-

toma Canu, 1919.

Gregory (1909, p. 199, footnote 2) believed that
Ceriopora dichotoma Goldfuss and T. dichotoma Canu belonged
to different genera. This opinion was based on external
characters seen in specimens of C. dichotoma Goldfuss from
the type locallty. Canu and Bassler were of the same opin-
ion, and in 1922, p. 119-20, text fig. 35, described and
1llustrated specimens identified as conspecific with
C. dichotoma Goldfuss from the type locality for which they
erected the genus Grammascosoecia. The secondary specl-
mens differ internally in many characters, e.g., bifollate
growth hablt, from T. dichotoma Canu as understood here.
Until the internal characters of the primary types of

C. dichotoma Goldfuss have been studied, there must remaln
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some question as to the reliability of existing specles

concepts as applied to that name. The specles concepts,

as presently understood, and the temporal separation be-

tween C. dichotoma Goldfuss and T. dichotoma, however,

provide reasonable grounds for continulng to consider C.

dichotoma and T. dichotoma Canu as separate entities.
Canu and Bassler, 1922, p. 108, noted that:

" ., . . the studies relative to this specles have been
made from specimens collected in France. We are not
entirely certain of our determinations, for we have
never been able to procure Austrian specimens for
comparison."

A comparison of Reuss' specimens of T. dichotoma to speci-
mens from the Miocene of France figured and identifled by
Canu and Bassler and later authors, reveals a number of
morphologlcal differences (see Canu and Bassler, 1920,
text fig. 275A-I; Canu and Bassler, 1922, p. 108-110, text
figs. 31A, B; Canu and lLecointre, 1934, p. 197-8, pl. 38,
figs. 1-14; Buge, 1957, p. 127-9). The following charac=-
ters identified in the non-Reuss specimens are not present
in the Reuss specimens:

1) Well-defined boundary between exozone and endozone.

2) Zooecia intersect surface at approximately 90°.

3) Endozone walls nonmoniliform.

L) Basal diaphragms in endozonal zooecla.
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5) Intermediate diaphragms ln exozonal zooecia.
6) Zooecial walls 1n exozone subsymmetrical to asymmet-

rical in thickness across the boundary zone.

The specimens from the Mlocene of France described
by Canu and Bassler (1920, 1922), Canu and Lecointre (1934)
and Buge (1957), are here not considered to be conspecific
or congeneric with T. dichotoma Canu because of the morpho-

typlc differences described above.
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Genus Zonopora d'Orbigny, 1849

Type species - Ceriopora spiralis Goldfuss, 1826, p. 36,

by original designation and monotypy, 4'Orbigny (1849,
p. 503).

Synonymy

1849 Zonopora d'Orbigny, Alcide, Rev. Mag. Zoology, V. 1,
ser. 2, p. 503.

1854 Spiroclausa d'Orbisny. Alcide, Terrain Creétacée Bryo-
zZoalres: Paleontologie Frangalse Description des
Animaux Invertébrés: v. 5, p. 883. Obj. syn.

1909 Zonopors d'Orbigny. Gregory, J. W., Catalogue of
Fossll Bryozoa in the Department of Geology, British
Museum (Natural History), The Cretaceous Bryozoa:

v. 2, p. 427.

1922 Spiroclausa d'Orbigny. Canu, Ferdinand, and Bassler,
R. S., United States Natl. Mus., Proc., v. 61,
p. 92. Obj. syn.

1953 Zonopora d'Orbigny. Bassler, R. S., Treatlse on In-

vertebrate Paleontology: Part G, Bryozoa, p. G71.
Tentative diagnosis - Zoarla branching; zooecla dimorphic.
Large zooecia bud sequentially in helical pattern. Large
and small zooecial apertures arrayed in parallel, helical
zones. Zone of large zooecial apertures forming a continu-
ous zoarlal salient; zone of small zooecial apertures form-
ing a continuous zooecial embayment.

Local intrazoarial overgrowths occur occasionally.

In exozone, outer cortex of zooecial wall light-
colored and granular to indistinctly lamlnate. Laminae

broadly curved, convex orally, but commonly not continuous
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across boundary zone. Zooecial lining thick, dark-

colored, with longitudinally directed, undulatory, some-

times crenulate laminae.

Terminal diaphragms and mural spines occurring.

Taxa included - Only the type specles. 1Internal charac-

ters of the types of other speclies commonly assligned to

Zonopors are unknown to me.
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Zonopora spiralis (Goldfuss), 1826

Plate 47, figures la-g; Plate 48, figures la-g; Plate 49,

figures la-e; Plate 50, figures la, b, 2a-c, 3.

Type -~ UB 133 is here designated as the lectotype. The
lectotype, labeled "Original zu Goldfuss, 133, Ceriopora
spiralis", was firmly cemented to a plece of coquinold
limestone primarlily composed of worn bryozoan fragments,
echinold spines and various shell debris. The lectotype
is similar in appearance to the specimen figured by Gold=-
fuss, 1826, pl. XI, figs. 2a, b.

Type locality and horizon - St. Petersberg bei Maastricht;

rocks presently exposed here are Upper Cretaceous, Maast-

richtlan in age.

Synonymy

1826 Ceriopora spiralis Goldfuss, G. A., Petrefacta
Germaniae: v. 1, p. 36, pl. 11, figs. 2a, b.

1849 Zonopora spiralis (Goldfuss). d'Orbigny, Alcide,
Rev. Mag. Zoology, v. 1, p. 503.

1850 Zonopora spiralis (Goldfuss). d'Orbigny, Alcide,
Prodrome de Paléontologie Stratigraphique Univer-
selle, v. 2, p. 267. -

1854 Spiroclausa spiralis (Goldfuss). d'Orblgny, Alcide,
Terraln Crétace Bryozoalres: Paléontologie Frangalse
Description des Animaux Invertébrés: v. 5, p. 883,
pl. 764, figs. 1-5.

1899 Zonopora spiralis (Goldfuss). Gregory, J. W.,
Catalogue of Fossll Bryozoa in Department of Geol-
ogy, British Museum (Natural History), The Cretac-
eous Bryozoa: V. 1, p. 427-8.
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1922 Spiroclausa spiralis (Goldfuss). Canu, Ferdinand,

and Bassler, R. S., United States Natl. Mus., Proc.,

v. 61, p. 92-4,

Material studied - Dr. A. Durkoop, Geologische Palaeonto-
logische Institut of Bonn, kindly made available the
lectotype specimen UB 133. Three thin-sectlons and four
acetate peels on a single acetate slide were made from the
lectotype; approximately one-half of the lectotype remained
after sectloning.

Four topotypes, collected in the Upper Maastrichtian
from Quarry Curfs near Maastricht, were kindly made avall-
able for study by Prof. E. Voigt. In addition, fifteen
topotypes in the collection of the National Museum of
Natural History were thin-sectioned and peeled. The
specimens were labeled as "Cretaceous, Maastrichtian,
Maastricht, Holland, USNM Loc. 2965A%.

Duplicate acetate peels of all specimens sectioned
are in the collections of the Natlonal Museum of Natural

History and the author's collection.

Description

Mode of growth - Branches have subcircular to elllp-

tical cross-sections. Distal to branch bifurcations, the
helix pattern of budding is reversed in one branch. New

branches sometimes arise as overgrowths (pl. 48, fig. 1a).
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Endozone - Zooecial walls are thin and parallel-
sided. Zooecial chambers commonly have subpolygonal or,
less commonly, subelliptical cross-sections. Interzooidal
pores are rarely seen. Zooeclal walls are light-colored
and homogeneous to subgranular with thin zooecial linings.

Exozone - Zooeclial walls are symmetrical in thicke
ness, or nearly so, across the zooecial boundary zone.
Zooecial walls are sometimes nearly parallel-sided (pl. 38.
figs. 1a, b, 3), but more commonly show regular increase
in thickness to a maximum which 1s located slightly sub-
oral to the aperture, producing lancet (pl. 36, figs. 1c,
d, e) or clavate (pl. 38, fig. 2a) profiles. Locally,
most commonly in inner exozone portions of the wall, sub-
moniliform (pl. 36, fig. 1le; pl. 37, fig. le) and some-
times moniliform cross-sections are seen. These result
from relatively slight thinning of the wall close to
interzooidal pores. Interzooidal pores are narrow (about
.01 mm in diameter), straight, and cylindrical for most of
their length (pl. 26, fig. 1g; pl. 37, fig. le). Zooeclal
chambers commonly have elliptical to subelliptical cross-
sections.

Mural spines are narrow (about .006 mm in diameter),
locally numerous (pl. 36, fig. 1d; pl. 37, fig. le; pl.
38, fig. 3), and are most commonly seen in the exozone.

The spines have a light-colored core continuous from
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light-colored tissue in the zooecisl wall (pl. 38, fig.
-3). 1In older zooecia, the zooecial lining commonly over-
laps and burles the spines (pl. 37, fig. le).

Diaphragms - Terminal diaphragms are numerous and
commonly occur in smaller zooecla. The dlaphragms are
thin (about .02 mm), and pores are about .01 mm in diam-
eter. The walls of zooecla with terminsl diaphragms often
have constricted apertural rims (pl. 38, figs. 1la, 2a, b,
¢). The calcareous tissue of the diaphragms (except where
interrupted by pseudopores) is structurally continuous
wlith the zooecial lining of the apertural wall (pl. 38,
figs. 2b, 2c). The oral surfaces of the dlaphragms are
flush with the apertures and often appear to form sheet-

like deposits when viewed externally (pl. 35, figs. la, b).
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TABLE 30
FREQUENCY OF VISUALLY ESTIMATED OUTLINES OF ZOOECIAL CHAMBERS

IN THE LECTOTYPE OF ZONOPORA SPIRALIS (GOLIFUSS)

Cire. Ellip. Ov. Pyr. Polyg. Triang. Irreg.

Exozone
Regular 14 3 1
Sub 1 12 3 1
Irregular 1

Endozone
Regular 1l 1 2
Sub 2 8 1 10
Irregulaxr
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Text figure 19 A-C. Histograms and cumulative curve from

the lectotype of Zonopora spiralis (Goldfuss).

A. Normal to maximum cross-sectional dimension of a
zooeclial chamber.

B. Ratio of the maximum cross-sectional dimension of a
zooecial chamber to the normal to maXimum cross-
sectional dimension of a zooecial chamber.

C. Count of interzooidal pores per zooeclal cross-

section.
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Remarks on morphology -~ The helical growth habit of Z.

spiralis poses particular problems of description and in-
terpretation not encountered with other growth habits.

One such problem concerns measurement and interpretation
of zooecial characters. Certain numerical observations of
exozonal zooeclia, such as the dlameters of the zooeclal
vold, are gathered from tangential sections. The assump-
tions generally made in the interpretation of such measure-
ments are:

1) If the section 1s tangential to the surface, all
zooeclia intersected by the plane of the section will
be at approximately the same ontogenetic stage.

2) All zooecla within a given section intersect the
section at approximately the same angle (commonly
about 90°); furthermore, the angle of intersection
with the section is about equal to the angle at which
zooecla intersect the zoarial surface.

Measurements made from tangential sectlons of Z. spiralis
are generally not consistent with elther assumption.
Measurements, and the statistics generated from those
measurements, must be considered biased and only broadly
useful in comparison to specles satisfying the above
assumptions. The blas arlises from the helical shape of
the branches (refer to text fig. 2D). In Z. spiralis,

surficlal sections parallel to the major axis of branch
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growth are tangential to the zoarial surface only at the
latter-most surface of a zoarial salient (AA' in text fig.
20) or, if a deep section is made, are tangential only to
the surface at an embayment (BB' in text fig. 20).

In addition, sections taken along AA' intersect only
zooecia with large cross-sections; sections taken at BB'
intersect thin-walled zoocecla with large diameters and
clusters of thick-walled zooeclia with small diameters.

In nearly all sections in which the plane is parallel to
the major axls of distal growth, zooecla intersect the
plane of the section at a different angle than that at
which they intersect the surface. For example, note that
zooecia with large cross~-sections in the middle right-
hand salient intersect a surface approximately coincident-
al with CC', rather than at a plane parallel to the major
axls of branch growth.

When viewed externally, terminal zooecial coverings
sometimes appear to have coalesced as a single calcareous
sheet over the zooecial apertures (pl. 35, figs. 1a, b).
If this were so, the calcareous tissue would have been de-
posited from an outer membrane (gymnocyst of Borg). Thin-
sections reveal, however, that the diaphragms are typlcal
terminal diaphragms. The diaphragms are not superposed
over the zooeclal walls, but are structurally continuous.
The diaphragms were emplaced by tissues aboral to the

diaphragm.
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Text figure 20 A-~C. Budding pattern of Zonopora spirslis

(Goldfuss).

A. An external view of a branch to show the arrange-
ment of large and small zooecla in parallel, hellc-
ally coiled zooecia. Small zooecia are commonly
covered by terminal diaphragms.

B. Idealized longitudinal section. Zooecla are curved
only in profile through part of any section. 1In
order to show their arrangement, more of the zooeclal
length is shown in this figure than would be common-
ly intersected in an actual section. AA' shows the
position of a shallow tangential section which inter-
sects only large zooecla. BB' is a deep tangentlal
section - large zooecla in deep tangential sectlon,
but small zooecla in shallow tangential sectlon.

C. Cut away vliew of a branch. Branch outline indicated
by dashed line. Only a single sequentially budded
series of large zooecla ls shown. Locli of buddlng

indicated by dark helix in central area of branch.
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Explanatlion of Plate 1

Figure 1. Ceriocava corymbosa (Lamouroux), 1821. MNHN

IP2-1, Jurassic, Bathonlien; Ranville (Calvados),
France.

la. Branch x1 with uneven monticular surface; holes are
borings.

1b. Surface of same branch x10, apparently showing
occurrence of large and small polymorphs. Hlsto-
gram, however, of cross-sectional dimension of
zooecial chambers (text fig. 6A) has unimodal dis-
tribution approachling a normal curve.

ic. Surface of same branch x10. Note pattern of zoocec-
ial openings in upper right monticule and the con-
centration of smaller zooeclia in intermonticular
area in center of figure.

1d. Longitudinal thin-section of same branch x10. Cyc-
lic growth pattern in endozone visible as center of
thin, convex zones, caused by annular thickenings of
zooecial walls. Note the very thin, undulatory
walls and relatively small zooeclal diameters in the
endozone. Both zooecial walls and zooeclal dlam-
eters increase in exozone. Tubular structure along
branch axis 1s a boring.

ie. Tangential thin-section of same branch x10, wlth
normally appearing zooecla in top right and bottom

left, and zone of irregular budding in central part
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of figure.

1f. Transverse thin-section of same branch x10; all
zooecla with terminal dlaphragms and thin, closely
spaced basal diaphragms. Brood chamber in center of
figure; most of endozone removed by a boring organ-
ism.

1g. Longitudinal thin-section x30. Note circular to
oblong moniliform profiles of zooecial wall in inner
exozone, and basal dlaphragms becoming more numerous
and closely spaced in the exozone.

1h. Tangential thin-sectlon x30. Indistinct laminations

concentric with zooeclal chamber.
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Explanation of Plate 2

Filgure 1. Cerlocava corymbosa (Lamouroux), 1821. MNHN
IP2-2, Jurassic, Bathonlien; Ranville (Calvados),
France.

la. Branch x1.

1b. Surface of same branch x5.

1c. Surface of same branch x30.

1d. Tangentlal thin-section x10; zooeclal walls commonly
amalgamate, occasionally integrate.

le. Longltudinal thin-section x10. Thin-walled zooecia
with relatively small dlameters 1n endozone. Thick-
walled zooecia with large diameter in exozone. Note
thick terminal diaphragms and thin, closely spaced,
basal diaphragms in exozone.

1f. Transverse thin-section x10. Illustrates increase
in zooecial dlameters from endozone to exozone.
Note lamlnate walls in exozone and terminal dla-
phragms.

1g. Slightly oblique, longitudinal thin-section x10 with
brood chamber in lower left portion of figure.
Large cavity to right is a burrow.

ih. Longitudinal thin-sectlion x10. Axillary zone of
zooeclial intergrowth 1s shown in upper central part
of figure. Zone is just distal to bifurcation of
old branch in lower central part of figure. Growth

axis of each new branch extends from bottom center
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Explanation of Plate 2 (con.)

to left and right hand corners respectively. Much
of endozone in right-hand branch cut by mud-filled
burrow. Note distal flexure and anastomosis of
zooecla growing towards each other from each new
branch. Cyclic growth in endozone is illustrated in
left-hand branch. Each cycle consists of zooecial
walls with long, thin-walled portion capped by
annular thick-walled portion; probably represents a

single episode of growth.
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Figures 1-3. Ceriocava corymbosa (Lamouroux), 1821. All

specimens figured from Jurassic, Bathonlen; Ranville
(Calvados), France.
Figure 1. MNHN IP2-1.

1a. Longitudinal sectlion, acetate peel x50; zooeclial
growth direction to the right. Local zone of lirreg-
ular budding. Zooeclal cavities are partitioned by
a thick, non-porous diaphragm, unllike numerous basal
diaphragms. New zooecial walls are contlnuous wlth
the oral surface of the dlaphragm. Zooeclal walls
have moniliform proflles, occasional mural spines,
and thin basal dlaphragms. Calcareous tlssue of
most of cortex is dark in color; outer cortex 1ls
composed of light-colored tissue outlining zooecial
boundary zone. Note numerous basal diaphragms.

ib. Tangentlal thin-section from same zoarium showing
zone of irregular budding.

1c. Longitudinal section, acetate peel x30. Abandoned
brood chamber has floor with interzooidal pores and
thick porous roof. Roof is overlain by thin, basal
layer and thin-walled zooecla.

Figure 2. MNHN IP2-2. Transverse sectlon, acetate peel

x30. Growth direction of zooeclia is to the right
in zone of irregular budding. Zooecia are thin-

walled and irregular in growth direction. Note
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large open area in central portion of figure.
Figure 3. USNHM Cat. 68941-2, tangential section, acetate

peel x30. Large cavity 1s interpreted as a brood

chamber. Many of the zooeclal walls in this figure

have an integrate appearance.
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Explanation of Plate 4
Figure 1. Ceriocava corymbosa (Lamouroux), 1821. MNHEN
IP2~-2, Jurassic, Bathonien; Ranville (Calvados),
France.
la. Tangential section, acetate peel x30. Zooecial
walls generally amalgamate in appearance. Many
zooecla have small mural spines.
1b. Longitudinal thin-section x50; detail of pl. 2, fig. ih,
showing anastomosis of orally growing zooeclal walls
in axillary zones just distal to the bifurcation of
& branch. Although zooeclal cavities pinch out,
zooeclal walls merge without break and continue to
gTrow orally.
lc.Transverse thin-section x50. Laminae generally indis-
tinct, but broad V-shaped patterns with apices
pointing towards zoarial surface can be seen. Note
subapertural position of thick terminal diaphragms.
1d. Longitudinal thin-section x30. Zooeclal walls have
alate to saglttate monilar profiles and are indis-
tinctly laminate. Laminae form V-shaped patterns
‘pointing toward zoarial surface. Note correspondence
of V-shaped pattern to profile of zooeclal wall at
skeletal aperture. Basal dlaphragms closely and
regularly spaced.

le. Longlitudinal section, acetate peel x30. In endo-
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zone, zooeclal walls consist of longlitudinally re-

peated two-stage growth cycles: a long, thin-

walled growth stage, and a short stage with annular

thickenings.
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Explanation of Plate 5

Filgures 1-3. Ceriocava corymbosa (Lamouroux), 1821.

Flgure 1. MNHN IP2-1, Jurassic, Bathonien; Ranville (Cal-

vados), France.

la. Transverse section, acetate peel x100. Shows thick
terminal dlaphragms with aborally flexed abutments
apparently not merging with zooecial wall. Poorly
defined, light-colored patches indicate probable
position of pores. Light-colored tissue in outer
cortex outlines zooecial boundary zone. Dark-
colored tissue, making up most of cortex, is indis=-
tinctly laminated. Laminae generally form broad
V-shaped patterns with aplces pointing towards the
zoarial surface.

1b. Transverse sectlon, acetate peel x200. Shows three
thin, intermediate diaphragms Jjust aboral to zooec-
lal aperture. Dark lines sloping aborally from
zooeclal boundary zone probsbly represent irimary
laminate structure. Note granular to nearly struc-
tureless calclte along zﬁoecial boundary zone.

l1c. Longltudinal section, acetate peel x200. Zooecial
wall in exozone shows indistinct laminate structure.
Note light-colored zone along zooecial boundary
zone. Orally flexed basal dlaphragm is seen in
lower right.
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Figure 2. USNM 32164-3, Jurassic, Bathonien; St. Aubin
(Calvados), France. Longltudinal section, acetate
peel x100. Slightly undulatory, nearly parallel-
sided zooeclal walls in endozone. Walls are granu-
lar. Basal dlaphragms flex orally at juncture with
zooeclal wall and continue orally as zooecial lining
for a considerable distance; but commonly, not ex-
tending to next dléphragm.

Figure 3. MNHN IP2-2, Jurassic, Bathonien; Ranville (Cal~
vados), France. Tangential section, acetate peel
x100. Moniliform profile of zooeclal wall shown here
results largely from widely flaring profile of inter-
zooldal pores. Section parallels axls of uppermost
interzooidal pore, but is slightly obligque or ab-
axlal to other pores which, therefore, appear to be
sealed at the zooecial boundary zone. Vaguely
spine-shaped masses of light-colored tissue project
toward the zooecisl chamber from the outer cortex,
but show little (lower half of figure) or no sur-
ficlal relief.
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Explanation of Plate 6

Figures 1-3. Ceriocava corymbosa (Lamouroux), 1821.

Figure 1. USNM 32164-3, Jurassic, Bathonien; St. Aubin
(Calvados), France. Longitudinal section, acetate
peel x100. Laminae have broad, V-shaped forms
pointing towards the zoarial surface. Light-colored
obscurely structured tissue in the outer cortex
marks the zooeclial boundary zone. Walls are nearly
parallel-sided, except where indented by inter-
zooldal pores.

Figure 2. MNHN IP2-2, Jurassic, Bathonien; Ranville (Cal-
vados), France. Tangential section, acetate peel
x100. Zooecial walls show indistinct laminetion;
thin zooecial linings; short, bluntly rounded zooec-
1al spines; and interzoolidal pores with relatively
large dlameters.

Figure 3. MNHN IP2-1, Jurassic, Bathonien; Ranville (Cal-
vados), France.

3a. Longitudinal section, acetate peel x200. Thick
terminal diaphragm is thick and slightly subapert-
ural in position. Basal diaphragms are, by compari-
son, much thinner. Zooecial walls are indlstlnctly
laminate with laminae orally oblique at a generally
higher angle than those in fig. 1.

3b. Transverse sectlon, acetate peel x200. The lnner
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cortex is composed of indistinctly wavy to crenulate
laminae. Granular to homogeneous calcite in the
outer cortex marks the zooeclal boundary zone in the
inner exozone.

3c. Transverse section, acetate peel x200. The large
cavity is a brood chamber. Subjacent zoocecial walls
and brood chamber floor are structurally continuous,
forming compound wall. The floor is plierced by pores
similar in appearance to interzooidal pores. The
pores in the roof are sealed proximszlly by a thin
layer of dark-colored tissue which appears to line

most of the chamber.
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Figure 1. Ceriopora micropora Goldfuss, 1826. All views

are made from the lectotype, UB 119. This specimen
was figured by Goldfuss, 1826, pl. 10, figs. La, 4;

von Hagenow, 1851, pl. 5, fig. 13 as Heteropora

crassa; and Volgt, 1953, pl. 2, fig. 4 as Fennipora
beyrichl Hamm.

la. Zoarial fragment x2; holes 1n surface are borings.

1b. Surface of zoarial fragment x30. Note large varia-
tlon In size and shape of zooecial apertures. Size
variation 1s continuous, and approaches an unimodal
normal curve (table 74).

1c. Tangentlial thin-section x30. Note large variation
in size and shape of cross-sections of zooecial
;hambers. Zooeclal walls are broadly amalgamate.

1d. Transverse thin-section x10 from proximal portion
of zoarlal fragment. Shows maln growth and a single
intrazoarial overgrowth.

le. Longitudinal thin-section x30; typlcal appearance
of zooecial walls in thin-walled exozone phase.
Diaphragm-like structures in oral portions of two
zooecla, to right of center, are fractures in the
polyester used to lmbed the speclimen prior to
sectioning.

1f. Longitudinal thin-section x30.
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Figure 1. Ceriopora mlcropora Goldfuss, 1826. All views

are made from the lectotype, UB 119. Thls specimen
was figured by Goldfuss, 1826, pl. 10, figs. B#a, d4;

von Hagenow, 1851, pl. 5, fig. 13 as Heteropora

crassa; and Volgt, 1953, pl. 2, fig. 4 as Pennipora
beyrichl Hamm.

la. Tangential section, acetate peel x100. Large,
primary interzooeclial chamber (brood chamber?).

1b. Longitudinal section, acetate peel x100. Thin-
walled, exozonal growth shows symmetrically thick-
ened, submoniliform to nearly parallel-sided zooec-
ial walls.

lc. Transverse section, acetate peel x100. Zooecia grow
toward the right side of figure. Thin-walled endo-
zonal zooecla are continuous frem thick-walled
zooecla; intermediate basal layer is not seen here.
Some zooeclal cavities are continuous.

1d. Thick-walled exozonal growth and intrazoarial over-
growth with new zooeclia budding from basal layer.
Zooeclal walls of subjacent growth show indistinct,
broadly curved, orally convex lamination. Endo-
zonal zooecla have granular cortex with thin, lam-

inate zooecial linings.
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Flgure 1. Ceriopora mlcropora Goldfuss, 1826. All views

are made from the lectotype, UB 119. This specimen
was figured by Goldfuss, 1826, pl. 10, figs. 4a, 4;

von Hagenow, 1851, pl. 5, fig. 13 as Heteropora

crassa; and Voigt, 1953, pl. 2, fig. 4 as Pennipora
beyrichi Hamnm.

la. Transverse section, acetate peel x200. Primary
laminate structure arches convex orally; laminae
appear to be contlnuous across zooecial boundary
zone. Intermediate diaphragm has remnant lamlnar
structure in planar oral portion, but remainder is
completely replaced by clear calcite. Note rela-
tively long, aborally flexed abutment which does not
merge with zooeclial wall.

1b. Transverse sectlon, ascetate peel x200; primary lam-
ination partly preserved. Large, clear, calcite
mass in oral monills cuts across laminase sharply,
and probably results from recrystallization of
originally laminar tissue. Also, note intermediate
diaphragm in zooeclal cavity on right.

1c. Transverse sectlion, acetate peel x200. Monlll sym-
metrically to asymmetrically thickened and somewhat
variably thickened longitudinally. Primary laminar

structure is orally convex. Laminar structure grades
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aborally into indistinctly structured tlssue which

may have originally been sublaminate to granular.

1d. Transverse section, acetate peel x100. Thlck-

walled exozonal growth shows irregularity in growth
direction and variation in wall thickness. Note

long tube-like (?) structure in central zooeclal
cavity. The structure merges with the zooeclal

wall at oral and aboral ends, and thus appears to

be a primary structure.
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Figures 1-3. Corymbopora menardi Michelin, 1846. All

specimens are from the Cenomanian, Le Mans (Sarthe),
France.
Figure 1. MNHN Canu Coll. 57057-2 (1).

la. Distal surface (capltula) of two branches x5 showing
large polymorphs.

1b. Lateral view of branch shown above x5. Note distal
expansion forming capitula; small polymorphs are
arranged in rows parallel to the growth axes of the
branches.

lc. Detall of la x30 showing shape and arrangement of
large dimorphs.

Figure 2. MNHN Canu Coll. 57057-2 (2). Surface of stem
x30. Apertures of small polymorphs are arrayed in
proximo-distal rows. The walls separating trans-
versely ad jacent zooecla form prominent ridges.

Flgure 3. MNHN Canu Coll. 57057-2 (4).

3a. Transverse thin-section x30. Shows thin-walled
large polymorphs in stem, and thick-walled small
polymorphs covering outside of branch completely.

3b. Longitudinal thin-section x10 showing stem and ex-
panded capitulum. Cavities in upper right portion
of capitulum are lobes of two brood chambers.

3c. Tangential thin-section of stem x30. Section is
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slightly oblique. Small polymorphs are seen in the
lower part of the figure, and a shallow, longitudinal
section of large polymorphs in the upper part of the
figure.

3d. Longitudinal thin-section x30, detall of 3b. Cross-
sections of the lobes of two brood chambers can be
seen. The positions of two remnant, thick-walled
stages are indicated by arrows.

Figure 4, MNHN Canu Coll. 57057-2 (3).

ba. Transverse thin-section of capitulum x30. Most
zooeclia exhiblt thin-walled phase of growth. The
section intersects a thick-wslled phase in upper
left portion of figure.

4b. Longitudinal thin-section of stem x30. Large poly-
morphs have thin, nearly parallel-sided walls with
occasional interzooildal pores. Small polymorphs

have short zooecial chambers and thick walls.
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Figures 1 and 2. Corymbopora menardi Michelin, 1846. Aall

specimens are flgured from the Cenomanien, Le Mans
(Saxrthe), France.
Figure 1. MNHN Canu Coll. 57057-2 (5).

la. Longitudinal thin-section x10. Cavitles in distal
portion of capitulum are brood chambers.

1b. Longitudinal thin-section x30, detail of 1la. Note
prominent interzooldal pores connecting longitudin-
ally adjacent zooeclal cavitlies of small dimorphs,
and relatively large interzooldal pores connecting
zooeclal cavities of small and large dimorphs.
Solid arrow 1s section through wall between trans-
versely adjacent small polymorphs (ridge-forming
wall); hollow arrow 1s section through wall between
longlitudinally adjacent small polymorphs.

lc. Longlitudinal thin-section x30, detall of 1la. Shows
large polymorph hbudding from distal wall of small
dimorph.

1d. Longitudinal thin-section x100, detall of 1la showing
structure of wall between longlitudinally adjacent
zooecla. Laminae are indistinct, but form broadly
curved, orally convex patterns in this view.

Figure 2. MNHN Canu Coll. 57057-2 (1) x400. Detail of

pl. 10, fig. 3c. Téngential section of small di-

morphs.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



313
Explanation of Plate 11 (con.)

Figure 3. MNHN Canu Coll. 57057-2 (4).

3a. Transverse thin-section x100. Hollow arrow shows
position of wall between transversely adjacent small
polymorphs (ridge-forming); solid arrow shows posi-
tlon of wall between longitudinally adjacent small
polymorphs.

3b. Transverse thin-section, crossed nicols x400. De-
tail of 32 showing wall structure of small poly-
morphs. Laminae diverge orally from the longitud-
inal boundary zone at a low angle in the portion of
the wall between transversely adjacent zooecia.
(The position of this portion of the wall is indic-
ated by the hollow arrow in fig. 3a). The approxi-
mate position of the longiltudinal boundary zone is
indicated by two hollow trlangles. lamlnae are
slightly arched, convex aborally in this view of the
wall between longitudinally adjacent zooecia. (The
position of this wall is indicated by the solid
arrow in fig. 3a). Compare to the laminar configura-
tion shown in flg. 1c which is at right angles to
this view.
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Figures 1 and 2. Corymbopora menardi Michelin, 1846. All

specimens are figured from the Cenomanien, Le Mans
(Sarthe), France.
Figure 1. MNHN Canu Coll. 57057-1. Distal surface of
branch (capitulum) x30 showing brood chamber. ILobes
of the brood chamber unite and are continuous with a
single zooeclal opening in lower portion of the
figure.
Filgure 2. NMNHN Canu Coll. 57057-2 (6).
2a. Longltudinal thin-section x10. Shows two brood
chambers and fasciculate appearance of autozooecia
in stem and expanded capitulum. Note that expansion
takes place as new, large polymorphs bud from the
distal wall of small polymorphs.
2b. Tangential thin-section X10 showing lobate profile
of brood chamber.
2c. Detall of 2b x100.
2d. Detall of 2a x100 showing structure of more distal
brood chamber.
2e. Detall of 2a x100 showing lobe of more proximal

brood chamber.
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Figure 1. Coscinoecia radlata Canu and Lecointre, 1934,

The lectotype, MNHN Canu Coll. 58872-1, Miocene,
Doué-la-Fontaine (Marne-et-Loire), France, was flg-
ured by Canu and Lecointre, 1934, pl. 40, figs. 1-4.

la. Zoarlum x1.

1b. Surface of zoarium x5. Large polymorphs are arranged
in rows radiating from the monticular areas. Small
polymorphs are in monticules and in rows between
large polymorphs. The monticule-like structure in
the upper right portion of the figure 1s a brood
chamber. Roof with overgrowth i1s partially broken
away revealing hollow lnterlor.

ic. Surface of zoarium x30. DMonticule is shown in upper
right. large elliptical opening in lower left 1is
continuous proximally with a brood chamber.

1d. Longitudinal thin-section of growing tip x10 showing
numerous, closely spaced, basel dlaphragms in endo-
zone.

le. Longltudinal thin-section x10. Brood chamber in
lower portion of figure. Primary growth is encrusted
by a chellostome bryozoan. The chellostome 1is, in
turn, encrusted by an intrazoarial overgrowth extend-
ing from a slightly more distal portion of the

primary growth.
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1f. Transverse section, acetate peel x5. Large cavities
were made by boring organisms. The primary branch
shows encrustation by a chellostome bryozoan which
is, in turn, encrusted from a more distal portion of
the original zoarium.

1g. Longltudinal thin-section x30. Compare the relative-
ly smooth-slded walls of large polymorphs (at about
the center of the figure) to the variably thickened
walls of the small polymorphs (at top of the figure).
Basal dlaphragms occur in zone of zooeclal bending
and in endozone.

1h. Tangentlal thin-section x30. Monticule is shown in
right center. Compare pattern of zooecial arrange-
ment to that seen in fig. 1b. The less distinct
pattern in 1h is probably due to the difficulty of
discriminating between large small-polymorphs and

small large-polymorphs in tangential sections.
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Figure 1. Coscinoecia radiata Canu and Lecolntre, 1934.

la.

1b.

1c.

id.

le.

The lectotype, MNHN Canu Coll. 58872-1, Miocene,
Doué-la-Fontaine (Marne-et-Loire), France, was fig-
ured by Canu and Lecointre, 1934, pl. 40, figs. 1-4.
Longitudinal thin-section x100, detall of pl. 10,
figs. le, g. Shows annularly thickened zooecial
walls of small polymorphs with alate monill; also,
note broadly curved, orally convex laminae.
Longltudinal thin-section x100. The zooeclal wall
of the large polymorph at lower right shows much
less variation in thickness than the annularly
thickened walls of small polymorphs.

Tangential thin-section of intermonticular area x100.
Note vague, plug-like bodies of light-colored
tissue.

Tangential thin-section of small polymorphs in mont-
icular area x100. Note small, blunt, mural splnes.
Longitudinal thin-section of zooeclal wall shared by
small polymorphs x300. The cortex of most of the
wall 1s composed of light-colored tissue with a
dusting of small, dark grains. The structure 1s
obscure, ranging from granular to faintly laminate.
Distinctly laminate tissue caps, and partly sur-

rounds, the cortex tissue.
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1f. Longitudinal thin-section of large polymorph wall
x300. Wall appearance 1is similar to le, but light-
colored cortex tissue here forms discontinuous,
plug-like bcdies offset to one side of the wall.

1g. Tangential thin-section x300. Shows small polymorph
with endozooecial spines to left and large polymorph
to right. Note plug-like bodies of light-colored,
indistinctly laminate cortex tissue bounded by dis-
tinctly laminated tlssue.

1h. Tangential thin-section of large polymorph x300.
Calcareous wall tissue is dusted with small, dark
granules, and is broadly amalgamate. Note distinct
lamination in outer wall, and small plug-like bodies

in cortex.
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Flgure 1. Cosclinoecla radiata Canu and Lecolntre, 1934.

The lectotype, MNHN Canu Coll. 58872, Miocene,
Doué-la-Fontaine (Marne-et-Loire), France, was fig-
ured by Canu and Lecointre, 1934, pl. 40, figs. 1-4.

la. Longltudinal thin-section, detail of pl. 10, fig.
le, x100. Zooecia in intrazoarial overgrowth di-
rected proximally in relation to major growth axis
of branch. Note intermediate diaphragms and thin
basal layer.

1b. Longitudinal thin~section x100. Shows basal dia-
phragms in outer endozone, zooeclial growth directed
towards upper left.

lc. Transverse thin-sectlion x30. Large cavity is brood
chamber; note incomplete floor.

1d. Longitudinal thin-section, detail of 1f x300. Shows
brood chamber roof and zooecial wall of small poly-
morph growlng to the left.

le. Tangential thin-section x30. Large cavity is a brood
chamber.

1f. Longitudinal thin-section x3. Large cavity is a
brood chamber.

lg. Longltudinal thin-section of zooecial wall x300.
Calcareous microstructure is laminate except for a
small mass of granular tissue in aboral part of

cortex.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



320
Explanation of Plate 15 (con.)

lh. Longitudinal thin-section, detail of 1f x300. Shows
cavity of brood chamber to left, cavity of subjacent
zooecla to the right. Lateral growth from oral tips
of the subjacent zooecial wall was incomplete. The
gap was later sealed by the emplacement of a thick,
indistinctly laminate, intermediate diaphragm.

11. Longitudinal thin-section of a basal diaphragm x300.
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Figure 1. Diplocava incondita Canu and Bassler, 1926.

The lectotype, USNM 69925-2, Cretaceous, Valangian,
Ste. Croix (Vaud), Switzerland, was figured by Canu
and Bassler, 1926, pl. 10, fig. 5 (lower right), and
6.

la. Zoarial fragment x5. Shows irregular growth habit.

1b. Surface of zoarlal fragment x30. Shows intrazoarial
overgrowth on upper right.

lc. Tangential thin-section x30. Note narrowly integrate
appearance of zooeclal walls.

1d. Longitudinal thin-section x30. kuch of the primary
wall structure altered by dilagenetic processes.

le. Tangentlial thin-section x30. Sectlon somewhat deeper
than thosé figured in 1c, f, h. Zooeclal walls are
amalgamate in this section.

1f. Tangential thin-section x100. Zooeclal walls show
both integrate and amalgamate appearance.

lg. Longitudinal thin-section x100. Laminae directed
orally from boundary zone, broadly recurve aborally
and adjoin thin zooecial lining. Apertural rim of
zooeclal wall is structurally continuous with peri-
stomial diaphragm. Also note thin basal diasphrsagm.

1h. Thin-sectlon transverse to zoarium x30. Zooecia in
center have integrate appearance. Note that most
zooeclia in overgrowth grow relatively straight from

basal layer and are thick-walled.
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Figures 1-6. Diplocava incondita Cenu and Bassler, 1926.

All specimens from Cretaceous, Valanglan, Ste.
Crolx (Vaud), Switzerland.

Figure 1. USNM Loc. 2404-3, longitudinal thin-section x30.
Shows growth habit with long, continuously growing
zooecla uncomplicated by intrazoarial overgrowth.

Figure 2. USNM Loc. 2404~-1, tangential thin-section x30.
Section passes through a peristomial diaphragm in
upper right portion of figure.

Figure 3. USNM Loc. 2404-8, longitudinal thin-section
x30. Shows mode of growth typified by repetetive
overgrowth. Zooecla are initially thick-walled, then
slightly thinner, and straight. Two basal diaphragms
are seen in third zooeclum from bottom.

Figure 4. USNM Loc. 2404-5, tangential thin-section x30.
Shallow tangential section in upper right portion of
figure shows zooecial walls with integrate appear-
ance. Deep tangential section of intrazoarial over-
growth in lower left portion of figure.

Flgure 5. USNM Loc. 2404-9.

Sa. Longitudinal thin-section x30.
5b. Longitudinal thin-section x100. Shows thick peri-
stomlal dlaphragms and intrazoarial overgrowth.

5¢c. Longitudinal thin-section x100. Zooecial cavity
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continuous from subjacent growth to overgrowth.
Zooecial wall on right apparently grew continuously
from subjacent growth to overgrowth, but growth on
left was discontinuous.
Figure 6. Lectotype 69925-2, figured by Canu and Bassler,

1926, pl. 10, fig. 5 (lower right).

6a. Transverse thin-section x100. Shows extension of
zooeclal lining over asboral surface of peristomial
diaphragm.

6b. Longitudinal thin-section x100. Zooeclal walls show
faint recurved lamination. Note thick zooecial
linings in zooecia recumbent upon basal layer. Dark

line separates two growth episodes.
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Figures 1-3. Diplocava incondita Canu and Bassler, 1926.

All specimens figured from Cretaceous, Valangian,
Ste. Croix (Vaud), Switzerland.

Figure 1. USNM Loc. 2404~-6. Transverse section, acetate
peel x200. Zooecla on left grew orally towards
right, have peristomial diaphragms, and are encrusted
on right by intrazoarlal overgrowth. Basal layer
and most of wall of overgrowth silicified. Pores
through dlaphragm in lower zooecium sealed aborally
by laminate calcareous tissue continuous with zooec-
ial lining. Note narrow extension of zooecizl wall
to basal layer of overgrowth. Apertural opening of
zooecium in upper left part of figure sealed by
basal layer of overgrowth.

Figure 2. Lectotype, USNM 69925-2. Longitudinal section,
acetate peel x200. Zooeclial wall shows laminae
arching orally from boundary zone and recurving ab-
orally. Note apertural tip of zooecial wall extend-
ing to basal layer (replaced by silica) of intra-
zoarlal overgrowth. Perlistomlal diaphragm to left
separated from zooecial wall by long pore extending
obliquely to surface of dlaphragm. Pores of dla-
phragm are sealed sborally by laminate calcareous

tissue continuous aborally with zooeclial lining and
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extending orally to form peristome. Also, note
thin (one lamina) basal layers in more aboral por-
tions of zooecial chambers.

Figure 3. USNM Loc. 2404-7. Tangential section, acetate
peel x200. Zooeclal walls have narrowly ilntegrate
appearance. Calcareous tlssue of peristomial dia-
phragms merges contlnuously with zooecial wall.

Note laminar structure of peristome (lineations)
concentric with restricted apertures in porous

dlaphragms.
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Flgures 1-3. Diplocava incondita Canu and Bassler, 1926.
All specimens are figured from Cretaceous, Valang-
ian, Ste. Croix, Switzerland.

Figure 1. USNM Loc. 2404-7. Tengential section, acetate
peel x200. Zooeclal walls have variously developed
integrate appearance., Note deflection of thick
zooecial lining at interzooldal pore connecting
central and distal zooeclial chambers.

Figure 2. USNM Loc. 2404~5. Longitudinal section, ace-
tate peel x200. Zooecia on right grew orslly towards
left side of figure and have thlck, laminate, inter-
mediate dlaphragms near aperture. Dlaphragms have
thick, aborally flexed abutments.

Figure 3. USNM Loc. 2404-1. Longitudinal sectlon, acetate
peel x500. Apertural portion of zooecial wall and
oblique section of peristomial diaphragms (with
circular pores) in lower part of figure overlain by
intrazoarial overgrowth. DBasal layer and most of
proximal zooeclial wsll of intrazoarial overgrowth
ls replaced by silica. 1In subjacent zoarial growth
unit, calcareous tissue of zooeclal wall is struc-
turally continuous with calcareous tissue of peri-
stomial diaphragms (marked by pores). Also, note
narrow extension of zooeclal wall to basal layer of
overgrowth in center of figure marking approximate

position of zooeclal boundary zone.
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Figure 1. Ditaxla anomalopora (Goldfuss), 1826. Lecto-

type, UB 120, was figured by Goldfuss, 1826, pl. 10,
figs. 5¢, d; and by von Hagenow; 1851, pl. 4, flg.
9c. Cretaceous, Maastrichtian, Petersberg near
Maastricht (Limburg), Netherlands.

la. Zoarial surface x30. Shows monticular sreas and
lrregular distribution of large and small polymorphs
in intermonticular areas.

1b. Zoarial fragment x5. The zoarium is subcylindrical
in proximal portion, expanding to frondose distally.
Note patch-like distribution of monticules.

lc. Tangentlal thin-section x30.

1d. Longitudinal thin-section x30. Shows bifoliate
growth habit; median lamina has dark line at medial
boundary zone.

le. Transverse thin-section x30.
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Figures 1 and 2. Ditaxla anomalopora (Goldfuss), 1826,

Cretaceous, Maastrichtlan, Guelem, Maastricht
(Limburg), Netherlands.

Figure 1. USNM Loc. 2404-5. Longitudinal section, ace-
tate peel x100. Shows median layer and recumbent
zooecla. Lineations diverging distally from median
plane of medlian layer are interpreted as remnants of
primary lamination.

Figure 2. USNM Loc. 2404-2,

2a. Longitudinal section, acetate peel x100. Shows
intermedlate dlaphragms in large polymorph and in
small polymorph Jjust distal to it.

2b. Longitudinal section, acetate peel x100. Large poly-
morph at top of figure 1s nearly parallel-sided, but
lunarial tissue in proximal wall is obscure because
of recrystallization. Proximally, small polymorphs
show prominent annulsr thickenings.

2c. Slightly oblique longitudinal section, acetate peel
x50. Shows intermediate diaphragms in large poly-
morph et top and center right part of figure. Thick-
walled growth in exozone is followed by thin-walled
zooeclal growth, and a change ln zooeclal growth
orientation suggests a rejuvenated growth phase.

Interzooldal spaces, apparently sealed orally and
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aborally by thin, calcareous walls, are seen between

large polymorphs in rejuvenated 2zone.
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Figures 1 and 2. Ditaxia anomalopora (Goldfuss), 1826,

Cretaceous, Maastrichtian, Guelem, Maastricht
(Limburg), Netherlands. All photographs taken from
acetate peels.

Figure 1. USNM Loc. 2405-6. Longitudinal section x100.
Walls of small polymorphs show large increase in
thickness from endozone to exozone. 1In exozone,
walls of al1l small polymorphs in figure show annular
thickening at approximately same level.

Figure 2. USNM Loc. 2405-5,

2a. Longitudlinal section x100. Large polymorph has thin,
nearly parallel-sided walls, although distal walls
show some variation in thickness most noticeable just
oral to zooecial flexure. Proximal wall of large
polymorph has homogeneous calcareous tissue making up
a lunaria-like structure.

2b. Longitudinal section x100. Large polymorph with
thin, nearly smooth-sided zooeclal wall and lunaria-
like structure in proximal wall. Zooceclal walls of
small polymorphs are thickened annularly.

2c. Detail of 2a showing wall structure of large poly-
morph. Proximal wall has homogeneous tissue forming
lunaria-like structure. Laminae in outer cortex of
ad jacent small polymorph dip steeply in aboral direc-
tion.
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Figure 1. Haploecia straminea (Philllips), 1829. Lecto-

type, YM-T81/2, Jurassic, Bajoclien (?), Bathonien (?),
Yorkshire, England. The thin-sections figured in
1c-f were made from unencrusted branches at less than
5 mm from the growing tip.

1a. Nearly complete zoarium x2 showing ovold outline of
branching colony.

1b. Surface of branch x50. Shows newly-formed peristom-
ial dlaphragms close to the growing tip. The dia-
phragm surfaces are slightly depressed relative to
the thin apertural parts of the zooecial wall, and
zooecla have polygonal, generally hexagonal, outlines.

ic. Longitudinal thin-section x100. Shows newly-formed
peristomial diaphragm. Diaphragm is thin and dell-
cate in appearance; compare to more robust appearance
of diaphragm in pl. 24, fig. 1f or pl. 26, figs. 1la,
¢, d. Zooeclal wall shows slight asymmetry in thilck-
ness across zooecial boundary zone and thin zooeclal
linings. Zooeclal wall in right center shows remnant
laminae arched orally convex.

1d. Longitudinal thin-section x50. Shows zone Jjust dls-
tal to growing tip where peristomial diaphragms first
appear.

le. Tangential thin-section x100. Shows amalgamate
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appearance of laminate zooeclal walls; also shows
interzooldal pores.

1f. Transverse thin-sectlon x50. Shows central zooecium
distinctly larger in diameter than surrounding

zooeclal openings.
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Explanation of Plate 24

Flgure 1. Haploecia straminea (Phillips), 1829. Para-

lectotype YM T81/1, Jurassic, Bajocien (?), Bathon-
ien (?), Yorkshire, England.

la. Longltudinal thin-section x30 showing abandoned
growing tip and intrazoarial overgrowth. Zooecia in
abandoned branch tip are thick-walled and have peri-
stomial diaphragms.

1b. Transverse thin-section x30 showing thick walls in
exozone, thin walls in endozone. At top center,
peristome protrudes into overgrowth.

lc. Longitudinal thin-section x30 showing narrow zooecia
in endozone with diameters widening distally in exo-
zone. Zooecla of primary branch have peristomial
diaphragms.

1d. Tangential thin-section x100. Large zooecium at
center-left shows interzooldal pore to left and
more closely-spaced pores in terminal diaphragm to
right.

le. Tangential thin-section x100 showing peristomial
diaphragms.

1f. Longitudinal thin-section x100 showing structure of
zooeclal wall in exozone and peristomial diaphragm.
Boundary with thin basal layer of overgrowth is

marked by a distinct, dark line.
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Explanation of Flate 25

Flgures 1 and 2. Haploeclia straminea (Phillips), 1829.

Both specimens from Jurassic, Rajoclien (?), Bathon-
ien (?), Yorkshire, England. All photographs taken
from acetate peels.
Figure 1. YM T81/1, paralectotype.

la. Intersection of two different branches x50. Curved
line from top left to lower right side of figure
marks intersection between distally growing branch
below (longitudinal section) and side of branch
ebove (transverse section). Complex growth pattern
in lower right is an intrazoarial overgrowth of branch
to left. Zooecia in branch to upper right had thick
peristomial diaphragms apparently in place before
intersectlon occurred. Thin, zooecial seals of left-
hand branch were apparently deposited at about the
same time as intersection occurred (see detail in
figs. 1c and 1d.

1b. Longitudinal section x200. Shows basal diaphragms in
inner exozone. Only distal-most diaphragm is well
preserved. Diaphragms are flexed slightly in oral
direction, but appear to abut, rather than merge
with, zooeclal wall.

lc. Detall of 1a x200. Shows boundary between intersect-

ing branches (indicated by arrow). Zooecium on right
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is sealed by a porous, peristomlal diaphragm. Thin-
walled zooecla on left are sealed by nonporous dia-
phragms composed of light-colored, granular tissue
(directly adjacent tec plane of intersection) continu-~
ous with cortex of zooeclal wall, and lined aborally
by laminated tissue contlnuous with zooecial lining.

1d. Detall of 1a x200 showing boundary between intersect-
ing branches (indicated by arrow). Thick-walled
zooeclum on left 1s sealed by a thin diaphragm which
flexes aborally to merge with zooecial lining. Faint
line and thin gap separate both branches. Zooeclium
on right has a thick, poorly-preserved peristomial
dlaphragm.

Figure 2. YM T81/1, lectotype.

2a. Longitudinal section near growing tip x200. Thin,
newly-formed peristomial dlaphragm merges continuous-
ly with calcareous tissue of zooecial wall.

2b. Longitudinal sectlon near growing tip x200. Shows
thin, newly-formed peristomial digphragm. Calcareous
tissue of diaphragm flexes aborally to merge continu-

ously with zooeclal wall.
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Filgure 1. Haploecia stramlnea (Phillips), 1829. Para-

lectotype from Jurassic, Bajocien (?), Bathonien (?),
Yorkshire, England. All photographs taken from ace-
tate peels.

la. Longitudinal sectlon x200. Shows single zooecium with
peristomlal diaphragm on left, separated by a dark
line (indicated by an arrow) from intrazoarial over-
growth in transverse section on far right. Calcar-
eous tissue of peristomial diaphragm is light-colored
(probably granular) just subjacent to dark boundary
line, but distinctly laminate in aboral part; laminae
are moderately convex in aboral direction. Basal
layer and cortex of overgrowth have light-colored,
homogeneous calcareous tissue. Note thick, dis-
tinctly laminate zooecial lining.

1b. Transverse section of branch on bottom x100. Shows
obligue longitudinal sections of intrazoarial over-
growths, each marked by peristomiel dlaphragms. Note
basal dlaphragm in peristome of lower left-hand zooe-
clum, and intermediate diaphragm abutting peristomial
diaphragm in zooecium at middle of figure. Poorly
preserved lineations of cortex tilssue in zooecisal
walls of bottom branch are interpreted as original

laminations directed convex orally.
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ic. Longitudinal section x200. Zooeclium on right with
peristomial dlaphragm (peristome directed obliquely
towards upper left corner) 1s separated by two dark
lines and a gap from intrazoarial encrustation to
left (indicated by arrow). Calcareous tissue of peri-
stome merges continuously with subjacent zooeclal
wall. The peristome and diaphragm have a laminate
inner portion continuous with zooeclal lining, and
light-colored, subgranular outer portlon contlinuous
with the cortex of the zooecial wall.

1d. Longitudinal section on left and obliquely transverse
section of intrazoarial overgrowth on right x200.
Peristomes of zooeclia on left are directed almost
horizontally to right. Dlaphragms are continuous,
structurally, with calcareous tissue of subjacent
zooecial walls. Dark line marks boundary between

growth phases.
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Explanation of Plate 27 338

Filgures 1-3. Haploecia multilamellosa (Canu and Bassler),

1926. All specimens figured were identified by R. S.
Bassler and were collected from the type locality in
the Cretaceous, Valanglan, Ste. Croix (Vaud), Switz-

erland.

Figure 1. Lectotype, USNM 69922-1, figured by Canu and

la.

ib.

lc.

id.

le.

Bassler, 1926, pl. 9, figs. 1 (center specimen), 5 and
6. Most of the internal structure is obscured by re-
crystallization and silicification.

Branch x5.

Surface of branch x30. Zooecla are arranged in rows;
zooeclal apertures in adjacent rows alternate in
position. Peristomes are commonly located centrally
wlth respect to the zooecial walls.

Longltudinal section, acetate peel x30. Zooecia
intersect zoarial surface obliquely; zooecla encrust-
ing primary branch grow orally in approximately the
same direction as underlying zooecia.

Tangential section, acetate peel x30. Zooecial open-
ings are commonly elliptical, with greatest dimension
parallel to the growth axis of the branch.

Transverse section, acetate peel x30. Shows primary
branch and single intrazoarial overgrowth. A single,

enlarged zooeclum occuples the center of the endozone.
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Figure 2. Paralectotype, USNM 69922-2.

2a. Branch x5.

2b. Surface of branch x30. Arrangement of apertures are
not as regular as those seen in pl. 27, fig. 1a.

Figure 3. Topotype identified by R. S. Bassler, USNH 2384-1.

3a. Longitudinal section, acetate peel x30. Shows growing
tip of primary branch with a thin, lntrazoarial over-
growth.

3b. Tangential section, acetate peel x30. Tangential to
zooecla in primary branch, shows shape and arrangement
of zooeclal openings.

3c. Transverse sectlon, acetate peel x30. Shows primary
branch with enlarged central zooecium and three genera-
tions of iﬁtrazoarial overgrowth (upper right). All
zooecia, except in outer-most overgrowth, have peris-
tomial diaphragms.

3d. Tangential section, acetate peel x30. Section is tan-
gential to primary branch in axial portion, and longi-
tudinally oblique to lntrazoarial overgrowth on elther
side. Zooeclal apertures are arranged in longitudinal
rows; zooecla in adjacent rows generally alternate in
position longitudinally. Smaller round opening at

right center 1s a peristome.
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Flgures 1-3. Haploecias multilamellosa (Canu and Bassler),

1926. All specimens filgured were identified by R. S.
Bassler, and were collected from the type locality in
the Cretaceous, Valanglian, Ste. Croix (Vaud), Switzer-
land.
Figure 1. USNM Loc. 2384-2.

la. Longitudinal section, acetate peel x30. Shows primary
branch with coaxisl endozone and exozone enveloped by
two intrazoarlial overgrowths. Zooeclum in upper portion
of figure has a prominent perlistome submerged beneath
basal layer of overgrowth.

1b. Tangential section, acetate peel x30. Section inter-
sects a primary branch (upper right) and an intrazoar-
ial overgrowth. In the lower portion of the figure,
two clrcular peristomes from the subjacent primery
branch extend into the overgrowth.

lc. Tangential section, acetate peel x100. Shows pores and
restricted aperture in peristomial diaphragm. Section
1s slightly oblique; lower portion of figure shows
thick, exozonal zooecial walls of primary branch; upper
part of figure shows thin endozonal walls of intra-
zoarial overgrowth.

1d. Longitudinal section, acetate peel x100. Detail of 1la

showing wall structure. Note thin band of light-
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colored tissue in outer cortex which marks the
zooecial boundary zone, and the rod-like extensions
from the cortex forming prominent, intrazooecial
spines. Zooecla of the primary growth are sealed by
peristomial diaphragms, and are encrusted by the
basal layer of intrazoarial overgrowth. A thin, light-
colored boundary zone separates the two (see detall,
pl. 31, fig. 2b).

le. Tangentlial sectlion, acetate peel x100. Section is just
aboral to the peristomial diaphragms. Note the promin-
ent mural splnes extending from the cortex. The spines
are partlally covered by zooecial lining. Interzooidal
pore shown 1ln lower left is narrow, with little flare
at elther end.

Figure 2. USNM Loc. 2384-1. Transverse section, acetate
peel x100. Shows the large central zooecium which
lacks zooecial 1lining. Smaller surrounding zooecia
typically‘have a thin zooecial lining. In exozone,
zooeclal walls have a few small, mural spines; zooecia
are sealed by peristomial dlaphragms which merge con-
tinuously with the zooecial lining.

Flgure 3. USNM Loc. 2384-10.

3a. Tangentlal sectlion, acetate peel x100. Shows typical

arrangement of zooecla and shape of openings. Note
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Explanation of Plate 28 (con.) et
thick zooeclal lining which covers most intrazooecial
spines completely. The spines appear as light-cclored
rods contrasting with the dark-colored, longitudinally

 laminated tissue of the zooecial lining.

3b. Longitudinal section, acetate peel x100. Shows primary
branch and lntrazoarlal overgrowth along left slde of
figure. In primary branch, zoocecla grow towards upper
left and have peristomlal diaphragms. In the lower
left zooecium, the peristome is low, and the peristomial
aperture 1s sealed by calcareous tissue contlinuous with
the dlaphragm. The basal layer of the overgrowth is
poorly differentiated from subjacent calcareous tissue
of the primary branch; but, generally, a thin, light-

colored boundary zone separates the two.
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Figures 1 and 2._(ﬁa216ecié multilamellosa (Canu and
Bassler), 1926. All specimens were identified by R. S.
Bassler and were collected from the type locallity in
the Cretaceous, Valangian, Ste. Croix (Vaud), Switzer-
land. ,

Figure 1. USNM Loc. 2384-10.

la. Longitudinal section, acetate peel x5. Shows inter-
section of a distally growing branch with a second
branch. The plane of intersection is visible as a dark
line (see figs. 1c, 14 for detail). Note that the
intersection occurred before either primary branch was
covered by an intrazoarial overgrowth. The overgrowth
on the left-hand branch partially envelops the inter-
sectling branch.

1b. Tangential section, acetate peel x30; at intersection
shown in la. Plane of intersection appears as a dark
line. Overgrowth zooecia are visible in upper right.

lc. Longitudinal section, acetate peel x30, detall of 1le.
Shows primary branch 1n center, lntrazoarlal overgrowth
to the left, and intersecting primary branch on right.
Zooeclal detalls of intersecting branch are obscure be-
cause of silicification of the zooeclal walls.

1d. Longltudinal section, acetate peel x30; detail of 1c.

Diaphragmns were deposited by zoolds on both sides of
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the zone of intersection. The diaphragms to the left
are porous peristomial diaphragms. Diaphragms on the
right are thin and non-porous.

le. Longltudinal section, acetate peel x100 showing thin,
intermediate diaphragms in intrazoarial overgrowth.

Figure 2. USNM Loc. 2384-8.

2a. Longitudinal section, acetate peel x5 showing obligue
intersection of two distally growing branches. In con-
trast to 1a, the intersection apparently occurred at
the actively growing tips of both branches. Note the
deflection of endozonal zooecia so that the major axls
of distal growth of each branch assumes the approximate
orientation of the other branch. Detalls are shown in
2b and 2c.

2b. Detall of 2a x30. Proximal zooecla are sealed off at
the zone of intersection (see 2c). Distally, zooecia
merge continuously along the zone of intersection and
curve away from the zone of intersectlon forming a

- common endozone for a short distance.

2¢c. Detall of 2b x100 showing closure of zooecla along the
zone of intersection. Note the slight distal flexure
and thinning of zooecial walls just aboral to the zone
¢f intersection.

Figure 3. USNM Loc. 2384-1. Longltudinal section, acetate
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Explanation of Plate 29 (con.) 5
peel x100. Shows primary growth on lower left and
intrazoarial overgrowth on the upper right. Zooecial
wails of the overgrowth have light-colored (interpreted
as granular) cortices and thin, dark-colored zooecial
linings which merge continuously with the basal layer.
The basal layer is difficult to separate from the en-
crusted zooeclal wall and peristomlel diaphragm of the
Primary branch, but a thin, light-colored zone generally

marks the boundary.
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Explanation of Plate 30

Figures 1-3. ﬁapioééié multilamellosa (Canu and Bassler),

1926. All specimens figured were identified by R. S.
Bassler and were collected from the type locallty in
the Cretaceous, Valanglan, Ste. Crolx (Vaud), Switzer-
land.
Figure 1. USNM Loc. 2384-2.

la. Transverse section, acetate peel x200. Shows primary
branch and two consecutive intrazoarial overgrowths.
Overgrowths are one and one-half to two zooecial diam-
eters thick. Intrazoarial overgrowths are separated
from each other and from the primary branch by a dark
line or by a thin, light-colored boundary zone (indica=-
ted by arrows). The peristomlial dlaphragm of the zooec-
ium in the center of the figure is thin with dark
laminae similar in thickness and appearance to zooecial
lining. The diaphragm is apparently continuous with
the zooecial lining to left, but separated on right by
dlaphragm pore. Diaphragm is laminate; basal layer of
supra jacent overgrowth is light-colored with indistinct
structure interpreted as granular.

1b. Longitudinal section, acetate peel x200. Shows primary
branch on right and two 1ntrazoar1al overgrowths, each
separated by a thin, light-colored boundary zone (indi-
cated by arrows). Zooecla grew towards upper left.

Zooeclal apertures are sealed by peristomial diaphragms.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



347
Explanation of Plate 30 (con.)

Flgure 2. USNM Loc. 2384-7. Longitudinal section, acetate
peel x50. Shows interruption of zooecial growth in
endozone just below center of flgure, and renewed
growth indicated by offset of zooecial walls. Also
note varlation in size of central zooecium in lower
portion of figure; dlameters of other endozonal zooec-
la show relatively constant diameter.

Figure 3. USNM Loc. 2384-10 x200. A thin, intermediate
diaphragm is shown in the central zooecium of the
intrazoarial overgrowth. The dlaphragm shows a slight
aboral flexure at juncture with Zooeclal wall. Primary
branch is seen along right side of figure with intra-
Zzoarial overgrowth to the left. The primary branch and
the basal layer are separated by a thin, light-colored
zone (indicated by arrow). Note the small intrazooecisl
spines in the basal layer. Note slightly undulatory
growth and occasional small mural spines typical of
endozonal appearance; also, the relatively large inter-

zooldal pore in the zooecial wall at lower center.
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Explanation of Plate 31
Figures 1 and 2. Haploecia multilamellosa (Canu and
Bassler), 1926. All specimens were ldentified by R. S.
Bassler and collected from the type locality in the
Cretaceous, Valangian, Ste. Croilx (Vaud), Switzerland.
Flgure 1. USNM Loc. 2384-10.

la. Transverse section, acetate peel x200. Shows proximal
growth separated from overgrowth by a dark line and,
sometimes, by a thin, light-colored boundary zone (in-
dicated by arrow). Peristomial diaphragm of zooeclum
in proximal growth i1s thin and composed of dark lamin-
ate tissue which recurves aborally to merge with zooec-
ial lining, contrasting with lighter-colored and homo-
geneous calcareous tissue of superposed zooceclal walls
interpreted here as originally granular. Note thin,
dark-colored zooeclal linings of recumbent overgrowth

- zooecla.

1b. Longitudinal section, acetate peel x200. Shows oral
growth of zooecium on right dlirected toward left-hand
slde of figure. Zooecium 1s capped by peristomial
diaphragm and encrusted by intrazoarial overgrowth.
Zooecia in overgrowth grow orally towards upper left.
Leminate tissue of perlistomlal diaphragm flexes abor-
ally to merge with zooecial lining; note oblique

section of dlaphragm pore in proximal portion of
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diaphragm which appears to separate diaphragm from
wall., Recumbent zooeclial walls of overgrowth are very
thin, and are separated from proximal growth by a thin,
light-colored zone {indicated by arrow).

Flgure 2. USNM Loc. 2384-2.

2a. Longitudinal section, acetate peel x500. Shows aper-
tural portion of zooecium on right with peristomial
diaphragm (middle of figure), and recumbent zooecia of
intrazoarial overgrowth on left. Aperture in peristome
1s sealed by laminate calcareous tissue merging contin-
uously with calcareous tissue of diaphragm. Recumbent
wall of the overgrowth zoocecium is separated from peri-
stomial diaphragm by thin, light-colored zone (indica-
ted by arrow).

2b. Longlitudinal section, acetate peel x500. Detail of
pl. 28, fig. 1d. Zooecia on left grew orally toward
right side of figure, capped by peristomial diaphragms
(from center top to center bottom of figure) and en-
crusted by intrazoarlal overgrowth. The zooecium in
the overgrowth grew orally towards top of figure. The
overgrowth ls separated from the subjacent zooeqial
wall and peristomial diaphragm by a thin, light-colored
boundary (indicated by arrow). Note the prominent

mural spines in the zooeclal wall to the left. The
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spines have cores composed of homogeneous-appearing
calcareous tissue, and are generally submerged beneath
laminated zooecial lining. A few light-colored cores
of small mural spines can be seen in the wall of the
recumbent zooecium on the right; the cores are nearly

completely submerged beneath the zooecial lining.
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Figure 1. 'ﬁeférogdra drzgtbpofa (Goldfuss), 1826. Lecto-
type, UB 118a, figured by Goldfuss, 1826, pl. 10, flig.
3a; by von Hagenow, 1851, pl. 5, fig. 6; and by Canu
and Bassler, 1920, text fig. 222A, p. 681. From Cre-
taceous, Maastrichtian, St. Petersberg near Maastricht
(Limburg), Netherlands.

ia. Zoarium x2. Zoarium is massive with bulbous to digi-
tate branches.

1b. Surface of zoarium x30. Shows zooeclal apertures with
nearly continuous variation 1in size.

1c. Tangential thin-section x30. Shows zooeclial openings
which are commonly elliptlical to subelliptical, and
have nearly continuous variation in slze.

1d. Transverse thin-section x30. A dark line separates
zoarlal growth phases. Some zooeclial cavities sub-
Jacent to overgrowth are filled with dark-colored,
fine-grained sediment; other zooecial cavities are
filled with clear calcite.

le. Longitudinal thin-section x10. Shows zoarial growth
by repetitive addition of superposed lntrazoarial
overgrowths. Cavities in lower right and upper left
are brood chambers; both are located proximally with
respect to individual growth phases.

1f. Longitudinal thin-section x30, detall of le. Shows
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structure of brood chamber. 1In this vliew, flve zooecia
pass through chamber to roof. Intermedlate dlaphragms
are seen in many zooecis suboral to basal layexr of
overgrowth. Two intermediate diaphragms can also be

seen in lower right portion of figure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3 2

PLATE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



] 353
Explanation of Plate 33

Figures 1 and 2. Hetéfdpbfé cryptopora (Goldfuss), 1826.

Both specimens flgured were collected from the Creta-
ceous, Maastrichtlan, St. Petersberg near Maastricht
(Limburg), Netherlands.

Figure 1. Lectotype, UB 118a, figured by Goldfuss, 1826,
pl. 10, fig. 3a; by von Hagenow, 1851, pl. 5, fig. 6;
and by Canu and Bassler, 1920, text fig. 2224, p. 681.
Longitudinal thin-section x100 showing structure of
brood chamber. Zooeciza and septate structures pass
through the chamber. These intra-chamber structures
have thin, dark-colored walls 1ln contrast to the

¢ lighter-colored tissue of the walls distal to the brood

chamber. Septate structure on upper left 1s continuous
with intra-chamber zooecium 1n oblique section. The
roof 1s porous and separated from the superjacent
encrusting growth by a thin, dark line.

Figure 2. Paralectotype, UB 118b, figured by Goldfuss,
pl. 10, flg. 3b.

2a. Longitudinal thin-section x100 showing characteristic
appearance of zooeclal wall. Thin intermediate dia-
phragms are shown Jjust aboral to apertures of zooecila
subjacent to overgrowth phase on right.
2b. Longitudinal thin-section x10 showling characteristilc

appearance of zoarial growth by repetitious increments
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of intrazoarial overgrowths. The outline at the
terminal surface of each unit is emphasized by distally
convex, dark lines caused by emplacement of inter-
medlate dlaphragms roughly coincidental with neighbor-
ing zooecla, and by emplacement of a thin, dark basal
layer over the subjacent zoarial surface. Branching
begins with the development of two separate, but later
confluent, growth units on the same zoarial surface.

2c. Longitudinal thin-section x30, detail of 2b.
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Figures 1 and 2. ﬁétefdpora érigtbgora (Goldfuss), 1826.
Figure 1. Paralectotype, UB 118b, from the Cretaceous,
Masstrichtlan, St. Petersberg near Maastricht (Lim-
burg), Netherlands; figured by Goldfuss, 1826, pl. 10,
~ fig. 3b.
la. Longltudinal section, acetate peel x100 showing charac-
teristic profile of apertural parts of zooeclal walls.
Intermediate diaphragms occur at nearly the same level
in all zooecia, slightly aboral to the terminal growth
surface. The basal layer of the encrusting growth unit
1s thin and dark in color. This view of the overgrowth
shows the thin-walled, parallel-sided appearance typical
of zooecla in the endozone.
1b. Transverse thin-section x30. Growth phases are separa=-
ted by two dark lines. The line on the right 1s caused
by intermedlate diaphragms; the line on the left is
thin, dark-colored basal layer.
Figure 2. Specimen USNM Loc. 2387-11 from the Cretaceous,
. Maastrichtian, near Maastricht (Limburg), Netherlands.
2a. Tangentlal thin-section x30. Shows sectlon cutting two
intrazoarial growth phases. Surface of juncture is
~ about the middle of figure.
2b. Longitudinal thin-section x30. Shows parts of three

overgrowth phases. Large cavity in proximal portion
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of middle unit is a brood chamber. In middle zoarlal
growth phase, intermedlate diaphragms occur just aboral
to terminal growth surface. Also, a few intermediate

dlaphragms are scattered throughout the growth unit.
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Figures 1 and 2. Héterdgofé dfigtogofav(Goldfuss), 1826.
Both specimens figured were collected from the Creta=-
ceous, Maastrichtlan, St. Petersberg near Maastricht
(Limburg), Netherlands.

Figure 1. Paralectotype, UB 118b, figured by Goldfuss, 1826,
pl. 10, fig. 3b.

1a. Longitudinal section, acetate peel x200. Diaphragm in
zooecial chamber on right shows slight aboral flexure
and 1s interpreted as an intermediate dlaphragm. Dla-
phragm in left-hand zooecium shows slight oral flexure
at juncture with zooeclal wall, but appearance may be
due to recrystallization rather than primary structure.
Zooeclal cavity and zooecial wall to center right are
continuous with suprajacent growth phase.

1b. Longitudinal section, acetate peel x200. Shows distal
portion of one growth unit and proximal portion of
supra jacent intrazoarial overgrowth. Zooecial walls
thin symmetrically near aperture. Note distinctly
laminate basal layer of overgrowth, draping over aper-
tural parts of zooeclal wall. Poorly preserved inter-
mediate diaphragm is shown in central zooecial chamber;

_ diaphragm has short, aborally flexed abutments.
lc. Longitudinal sectlion, acetate peel x200. Basal layer

is undulatory, extends diagonally from upper right to
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lower left side of figure, and separates subjacent from
supra jacent intrazoarial overgrowth (dark arrow).
Intermediate diaphragms occur in zooeclal chambers of
subjacent growth unit (hollow arrows). Diaphragm in
right center zooecium is dark in color and indistinctly
laminate. Undulatory basal layer forms recumbent wall
of most proximal overgrowth zooecium. More distal wall
has opticaiiy structureless (originally granular?) cal=-
careous tissue and thin zooeclal lining.

Figure 2. Lectotype, UB 118a, was figured by Goldfuss, 1826,
pl. 10, fig. 3a; by von Hagenow, 1851, pl. 5, fig. 6;
.~ and by Canu and Bassler, 1920, text fig. 2224, p. 681.
2a. Longitudinal sectlion, acetate peel x200. Shows primary
laminate structure of exozonal zooecial wall. Laminse
are convex orally and continuous across zooecial bound-
ary zone. Patches of homogeneous calcareous tissue
occur in more aboral parts of outer portex.
2b. Longitudinal section, acetate peel x500. Zooecla grew
orally to left. Shows apertural portion of zooecial
wall, with zone of irregular structure at about center
of picture marking boundary between subjacent growth
phase and supre jacent overgrowth phase. Zone of irreg-
ular structure is symmetrical with basal layer to

elther side. Zooeclal chamber is continuous into over-
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growth zooecium, but zooeclal wall shows marked thin-

ning. Also, note short stub-like projection of zooec-
ial wall in center part of figure (indicated by arrow),
perhaps a remnant of a resorbed zooecial closure. The

homogeneous appearance of cortex ls probably secondary.
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Figure 1. Leioéoééia Qarvidella (Gabb and Horn), 1860.

Lectotype, ANSP 31261, was probably figured by Gabb
and Horn, 1861, pl. 69, figs. 36-38, from the ?Paleo-
cene, Vincentown formation, Timber Creek, New Jersey.

la. Zoarlial fragment x2 showing the intersection and anas-
tomosis of distally growilng branches.

1b. Surface of zoarium x5.

lc. Surface of zoarium x30.

1d. Transverse thin-section x30. Zooecia in endozone have
polygonal outlines; in exozone, zooeclal growth slight-
ly undulatory. Zooecial walls have submoniliform to
moniliform profiles.

le. Longitudinal thin-section x30. Zooecial walls thin and
parallel-sided to submoniliform in endozone, thickened
and having moniliform profiles in exozone. Note slight
asymmetry of thickness across zooecial boundary zone.
Thin intermediate dlaphragms seen in most zooecia.

if. Tangential thin-section x30. Interzooidal pores very
uncommon. View shows no apparent arrangement of large
and small polymorphs.

1gz. Longitudinal thin-section x200 showing microstructure,
interzooldal pore, and thin intermediate diaphragms
suboral to skeletal aperture.

lh. Tangential thin-section x100. Shows zooecial wall with

amalgamate appearance and thin, dark zooecial linings.
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Flgure 1. Pérleioéoecia jaéksonica Canu and Bassler, 1920.

Lectotype, USNM Loc. 2933B-1, previously figured by
Canu and Bassler, 1920, pl. 148, fig. 2, from the
Eocene, Jacksonlan, Eutaw Springs, South Carolina.

la. Zoarium x5. Zoarlium has a large encrusting base and a
single upright branch.

1b. Zoarlal surface x30. Apertures of large polymorphs
commonly have slightly railsed rims. Each large poly-
morph is surrounded by numerous small polymorphs.

lc. Tangentlal thin-section x30. Note discontinuous varia-
tion in size between large and small polymorphs.

ld. Longitudinal thin-section at base of erect branch x30.
Shows hollow axlal chambers formed by distal extension
of basal layer.

le. Transverse thin-section x30. Shows hollow axial cham-
ber, thin-walled polygonal zooecla in endozone, and
thicker submoniliform walls in exozone.

1f. Longitudinal thin-section x100. Shows cylindrical cor-
tex structure composed of subgranular calcareous tissue.

lg. Tangentlial thin-section x100. Cortex of large poly-
morphs distinct in appearance from indistinctly lamin-

ated walls of small polymorphs.
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Figures 1-4. Parlelosoecia jécksdﬂicé Canu and Bassler,
1920, All speclimens figured are topotypes, identified
by R. S. Bassler, and collected from the Eocene, Jack-
sonlian, Eutaw Springs, South Carolina.

Figure 1. USNM 2933A. Zoarial fragment x5 showing branching,
and intersection and anastomosis of distally growing
branches in upper right.

Flgure 2. USNM 2933A-9. Longltudinal section, acetate peel
x5 showing intersection and anastomosis of distally
growing branches in upper right. The growing tip of
the right-hand vertical branch abuts endozonal zoocecia
in the upper horizontal branch.

Figure 3. USKNM Loc. 2933A-23.

3a. Longitudinal thin-section x30 showing lntrazoarlal over-
growth. Note that zooeclial cavity in lower portion of
figure 1s continuous with a zooeclal caéity in the
overgrowth; other encrusted zooec'a are sealed orally
by thin, intermediate (?) diaphragms.

3b. Longitudinal thin-section x100 from same branch as
above showing profile and structure of zooeclial walls.
Note thin intermediate diaphragms in terminal position,
eand two intermediate diaphragms in zone of 2zooecial
bend. Also note wall structure of large polymorph in

upper part of figure showing distinct cortex structure,
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and the steeply dipping laminae in adjacent wall of
small polymorphi

Figure 4. USNM 2933A-26.

La. Tangential section, acetate peel x300 showing wall
structure of large polymorphs and small polymorphs.
Small polymorphs distinctly laminate; cortex of large

_ polymorphs subgrapular,

4b. Longitudinal thin-section x30 showing axlal chambers
formed by basal layer and the intersection and anasto-
mosis of two separate branches. A dark line marks
surface of intersection in central and inner periph-
eral area, but 1s lost in outer peripheral area. Note
nearly 180o reflection of zooeclal growth axes in
lower part of figure so that zooecia grow proximally
in relation to growth of branches.

bec. Detail of 1b X100 showing wedging out of zooecial
cavities at surface of intersection. Zooecial walls
merge continuously at surface of lntersection to form

a thin common wall.
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Figures 1-35, Pérleioébecia Jacksonica Canu and Bassler,

1920. Figures 1 and 3-5 are specimens from the Eocene,
Jacksonian, Eutaw Springs, South Carolina; figure 2,
Speclmens from Eocene, Jacksonian, Santee River, three
miles above Lenuds Ferry, South Carolina.

Flgure 1. USNM Loc. 2933A, branch x5.

Figure 2. USNM Cat. 65447-1, figured by Canu and Bassler,
1922, pl. 148, fig. 1.

2a. Surface of branch x30. Shows apertures of large poly~
morphs with slightly raised rims surrounded by aper-
tures of small polymorphs. Note regular, nearly rhombo-
hedral, arrangements of large polymorphs.

2b. Longitudinal thin-section x100 showing axial chambers
formed by basal layer. Note dark line separating basal
layer from recumbent zooecial wall, and intermediate
dlaphragms in zone of zooecial bend.

2c. Detail of 2b x300 showing laminated structure of basal
layer.

Flgure 3. USNM Loc. 2933A-14. Longitudinal section, acetate
peel x5 showing characteristic appearance of branch
axis and coaxial'quzone-endozone.

Flgure 4. USNM Loc. 2933a-26. Longitudinal thin-section x100
showing axial chambers formed by basal layer. Note

distal flexure of basal layer in center.
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Figure 5. USNM Loc. 29334-23. Transverse thin-section x100
showing basal layer and shape and arrangement of

zooeclal openings.
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Figure 1. Parleidé6édié jaéﬁsoﬁiéé Canu and Bassler, 1920.
USNM Cat. 65449-1, Eocene, Middle Jacksonian, 18 miles
west of Wrightsville, Georgia. Speclmen figured by
Canu snd Bassler, 1922, pl. 148, fig. 6.

la. Branch with brood chamber x5.

1b. Detail of brood chamber in la x30. BRoof 1is partlally
broken, showing intrachamber zooecla.

ic. Longitudinal thin-section of same brood chamber x30;
section 1s slightly oblique.

1d. Detaill of 1c x300 showing structure of brood chamber.

1e. Detall of 1lc x300 showing structure of brood chamber
roof and intrachamber zooecla.

1f. Longitudinal thin-section x300 showlng wall structure
of small polymorphs and intermedlate dlaphragms. Prox-
imal chamber has two dlaphragms.

Figure 2. USHNM Cat. 65446, Eocene, Middle Jacksonian, Rich
Hill, 5% miles southeast of Knoxsville, Gebrgia. Spec=-
imen figured by Canu and Bassler, 1922, pl. 148, fig. 3.
Surface of branch showing brood chamber x30; most of
roof is gone. A single zooecium opens into the central
portion of brood chamber floor, but is not seen in this

view.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4 0

PLATE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



367
Explanation of Plate 41

Figure 1. Reptonodicava globosa (Michelin), 1846. MNEN

d'Oorb. Coll. 2988-1, Jurassic, Bathonien, Luc (Calva-
dos), France.

la. Clavate zoarium x2.5. Surface is smooth.

1b. Surface of zoarilsl fragment‘xBO.

lc. Longitudinal thin-section x5. Faint, dark-colored
bands symmetrical with zoarial surface are probably
abandoned growth surfaces. Outermost living chambers
are closed aborally by basal dlaphragms, and chambers
are filled with dark, fine-gralned sediments. Interior
zooecial cavities are filled by clear calcite.

1d. Tangential thin-section x30.

le. Longitudinal thin-section x100 showing thin, dark,
basal diaphragms; diaphragms flex orally and form
abutments.

1f. Longltudinal thin-section, crossed nicols x400. lLan-
inse appear to be oriented orally acute from boundary
zone, then arch broadly across the cortex and are
directed aborally in the inner cortex.

1g. Longitudinal thin-section x30. Shows submoniliform to
moniliform zooecial walls; repetitlon of dark bands
formed by a thin, dark zone with zooecial wall (detail
of 1c) suggests cyclic growth intervals.

lh. Transverse thin-section x30 showing moniliform profile

of zooeclal walls and basal diaphragms.
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Figure 1. ngtonodicévé globosa (Michelin), 1846. HNEHN

d'0rb. Coll. 2988-2, Jurassic, Bathonien, Luc (Calva-
dos), France.

la. Zoarium x2.5. Zoarium is a hemispherical mass raised
slightly above the substrate on narrower peduncle-like

. base.

1b. Surface of zoarium x30.

lc. Longitudinal thin-section x5. Intrazoarial overgrowth
is seen in the proximal portion of colony.

1d. Longitudinal thin-sectlon x20. Zooeclal walls have
submoniliform to moniliform profiles, walls typlcally
equal and symmetrical in thickness across the boundary
zone.

le. Tangential thin-section x30.

1f. Longitudinal thin-section x100. Shows essentially con-
tinuously growing zooeclal wall on right, and zooecilal
walls budding from basal layer on left. Zooecial wall,
growing continuously, shows little variation in thick-
ness. Zooeclal walls newly budded from basal layer are
very thin inltially, but attain normal exozonal thick-
ness and appearance within a very short distance.

1g. Longitudinal thin-section x100. Zooeclia grew towards
upper right.  Walls of encrusting zooecla are continu-
ous with thin, basal layer. Terminal diaphragms of sub-
jacent zooecla are separated from encrusting basal layer

by a dérk line,.
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Figures 1-3. Réptonodicava g;obosé (Michelin), 1846, All

specimens from Jurassic, Bathonien, Luc (Calvados),
France.

Flgure 1. MNHN d4'Orb. Coll. 2988-1. Longitudinal thin-
section x400 showing basal diaphragm. Diaphragm flexes
and extends orally as a thin abutment. Zooecial walls
nearly same color as clear calcite. filling zooecial
cavlty, but show greater denslty of small dark granules.

Figure 2. DMNHN d4'Orb. Coll. 2988-2, tangential thin-section
X100. Numerous, short, blunt, mural spines glve
slightly crenulate appearance to outline of zooeciai
cavity. Note fine laminations in outer cortex and
zooecial lining.

Flgure 3. MNHN 4'Orb. Coll. 2988-3,

3a. Longitudinal thin-section X5. Shows typical growth
habit and local intrazoarial overgrowth in upper left
portion of zoarium. Fine-grained, dark-colored sedi-
ment fills last-formed living chambers and portions of
zooeclal cavities just subjacent to local intrazoarial
overgrowth.

3b. Longitudinal thin-section x30, detall of local intra-
zoarlal encrustation shown in 3a. Outer chamber of
zooeclal cavities subjacent to overgrowth is closed
aborally by intermediate diaphragms and filled with

dark, fine-grained sediment.
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3c. Longltudinal thin-section x100. Shows zooeclal walls
with moniliform profile and interzooldal pores. Thin,
basal diaphragms are poorly preserved. Zooeclal walls
show obscure lamination.

3d. Longitudinal thin-section x100. Zooecla grew towards
upper right. Note diaphragm subjacent to basal layer
of intrazoarlal encrustation. Diaphragm shows slight
aboral flexure at juncture with zooeclilal wall and is

apparently continuous with it.
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Flgures 1 and 2. Régtdnodica#é siobosa (Michelin), 1846,
Both specimens from Jurassic, Bathonien, Ranville (Cal-
vados), France.

Figure 1. USNM 32171-4, longitudinal section x5. Section
includes encrusting basal portion.

Flgure 2. USNM 32171-1.

2a. Longitudinal thin-section x5, branch from a more
massive-appearing zoarium. Dark bands suggest periodic
addition of growth increments. Note numerous, evenly
spaced basal dlaphragms and very long, relatively
straight zooecla located near major vector of branch

~ growth.

2b. Longitudinal thin-section x5; another branch-like ex-
tension from the same zoarium. Varlous stages in zoar-
1al growth are shown by dark bands, indicating that once
budded zooecla continued to grow for most of the life of
the colony, but grew at different rates. This part of
the zoarium is overgrown by an encrusting cyclostome,
c.f. ﬁéreniceé.

2c. Longitudinal thin-section x20, detail of 2a. Appear-
ance of bandling separating growth increments is partly
due to inclusion of dark material in walls, gradual
increase in wall thickness 1n a glven increment contin-
ued orally by reduced thickness, and regular spacing of
dlaphragms. Major increments apparently include many

minor incremental episodes.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4 4

PLATE

A A o

SR P o S >

» : N S e T
N M - P y L YL ST b )
1 o Py SRR T
.y ~2¥ . ~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Explanation of Plate 45 372

Figure 1. Tétrocicloéciﬁ dichotoms, Canu, 1917. NMW 1859

1la.

1b.

ic.

14.

1L686-1, misidentified by Reuss as Héﬁéfoéérﬁ dichotoma
(Goldfuss), from Miocene, Tortonian, Lelthakalke,
Eisenstadt, Hungary.

Branch x5 showing regular distribution of apertures of
large polymorphs.

Tangential thin-section x30 showing discontinuous varia-
tion in size between openings of large and small poly-
morphs.

Surface of zoarium x30. Surface is slightly worn.
Note light-colored rings of calcareous tissue around
apertures, apparently reflecting microstructure of
zooecial wall; 3#5. compare to 1le.

Transverse thin-section x30. Exozone and endozone

broadly gradational; zooecial walls in exozone sub-

- moniliform and slightly undulatory.

le.

if.

Tangential thin-section x100. Zooecial walls in this
vliew have integrate appearance because of concentration
of dark granules along boundary zone; walls also have
very thin, dark, laminate zooecial linings.
Longitudinal thin-section x30. Note relatively simple
appearance. Exozone and endozone are gradational with
broad zooecial curve from endozone; zooecia typically

intersect zoarial surface at less than 90°, Zoocecial
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walls dlsplay submoniliform profiles in both endozone
and exozone.

1g. Longitudinal thin-section x100, detail of 1f. Shows
zooeclal wall with indistinct,.orally convex leminge

in cortex, and thin, dark, zooecial lining.
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Flgures 1-3. Tetrbcycloécia dichdtoma Canu, 1918. All

specimens figured were misidentified by Reuss as

HeteeroraAdichofoha (Goldfuss), and were from the

Mlocene, Tortonian, Lelthekalke, Eisenstadt, Hungary.
Figure 1. NMW 1859 L686-2.
la. Branch x5.
1b. Longltudinal thin-sectlion x30. Zooecial walls sub-
moniliform in both endozone and exozone.
lc. Tengentlial thin-section x30.
1d. Transverse thin-section x30.
Figure 2. NMW 1867-1, previously figured by Manzoni, 1877,

pl. 12, fig. 46 as Hetéropora dichotoma (Goldfuss).

2a. Branch x5.
2b. Longitudinal thin-section x30. Zooecia grow oblique
from ma jor vector of branch growth.
Figure 3. NMW 1859 1686~1 x30. Shows unworn portion of
zoarial surface in lower right, and apertures of large

polymorphs with slightly raised prominent rims.
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Figure 1. Zéndpéfa §piralié (Goldfuss), 1826, lectotype

UB 133. Specimen is probably the specimen figured by
Goldfuss, 1826, pl. 11, figs. 2a, b, from Cretaceous,
Maastrichtian, St. Petersberg near Maastricht (Lim-
. burg), Netherlands.

la. Branch x5 showing typical hellcal appearance of zoaria.
The convexly curved zoarial surface is referred to as
the zoarlal salient; the concave surface as the zoarial
embayment. Terminal diaphragms appear as a nearly
continuous sheet over the upper portion of the embay-
ment.

1b. Surface of branch x20, detail of 1a.

lc. Deep tangential thin-section x30.

1d. Tangential thin-section x100. Deep tangential section
of large zooecia showing amalgamate appearance and
thin, laminate._zooecial linings.

le. Transverse thin-sectlon x30. lLarge zooecla on left-
hand side opening at zoarial salient, small zooecia on
right opening at zoarial embayment. Branch axis is
offset to right cgnter.

1f. Longitudinal thin-section x30. ILarge zooecla directed
towards zoarial salient on right, small zooecia towards
zoarlal embayment on left. Note terminal diaphragm in

small zooecia at left.
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lg. Tangential thin-section x30; relatively shallow section
of large zooecia showing thick zooecial linings. UNote
spine-llike projections of homogeneous-appearing cortex
tissue towards zooeclal cavity. DMNural spines are com-
monly submerged by thick zooecial lining in outer exo-

zone.
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Figure 1. Zonopofé spiféiié (Goldfuss), 1826. USNM Loc.

2965A725. Cretaceous, Maastrichtian, Maastricht (Lim-
burg), Netherlands.

la. Longitudinal sectlon, acetate peel x5. Shows profile
wlth zoarial sallents and embayments resulting from
helical growth about a major vector of distal growth.
Large zooecla intersect surface of sallent at nearly
right angles; small zooecla intersect surface of em-
bayment obliquely. Branch to lower left appears to be
an Intrazoarial overgrowth.

ib. Tangential section, acetate peel x30. Shallow tangen-
tial section of small zooecia, deep tangential section
of large zooecia.

lc. Longitudinal section, acetate peel x30, detall from 1la.
Zooeclal walls in endozone thin and parallel-sided.
Exozonal zooeclal walls thicker, sometimes submonili-
form, and have characteristic lanceolate profile.

1d. Longitudinal section, acetate peel x100, detall of 1c
showing typlcal wall structure with light-colored
cortex tissue bounded by thick, dark-colored deposits
of zooeclal lining. Spine-like lateral projections of
cortex tissue submerged by zooecial lining, but some-
times project into zooecial cavity as mural spines.

le. Longitudinal section, acetate peel x100 showing wall
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structure of small zooecia and interzooldal pores.
Note thick deposits of dark-colored, longitudinally
laminated tissue.

1f. Tangential section, acetate peel x100. Sectlon is just
distal to le, showing shallow tangential view of small
zooecia. Note amalgamate, granular appearance of zooe-
clal walls and thick zooeclal linings.

1g. Tangential section, acetate peel x100. Sectlion 1is

moderately deep, showing thin zooeclial linlng. Note

mural spines and very narrow, stralght, interzooidal

pore in lower left quadrant of figure.
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Figure 1. Zondgﬁfé sgiféiié (Goldfuss), 1826, USNM Loc.
2965A-7, Cretaceous, Maastrichtian, Maastricht (Lim-
~ burg), Netherlands.

la. Longitudinal section, acetate peel x30.

1b. Transverse section, acetate peel x30. Large zooecla on
left, small zooecia on,righte'vAxis of branch is shifted
to right of centef} note thick zooeclal linings in exo-
zone.,

lc. Tangential section, acetate peel x100, detall of large
zooeclia in 1b. Note increased thickness of zooecial
lining in exozone.

1d. Tangential section, acetate peel x30. Uppe~ part of
figure shows shallow tangential section of small zooe-
cla of zoarial embayment and deeper tangentlal view of
large zooecla in zoarial sallent.

le. Longitudinal section, acetate peel x100. The zooecial
boundary zone is marked by a narrow 2one of light-
colored, homogeneous tissue bounded by the indistinctly
laminated cortex tissue. Lamination in the cortex, as
seen in second zoocecial wall from right, 1is only
slightly curved convex orally, and abuts the zooecial
lining at 60°- 70°. Zooecial linings are characteris-
tically thick and dark in color. A narrow, stralght,

interzooidal pore is seen in aboral part of second
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zooeclal wall from right. Mural spines extend into
zooeclal cavity in more aboral portion of zooeclal wall
in left part of figure. Spine-like extensions from
cortex are submerged by thick zooecial linings in

zooeclal walls in right-hand portion of figure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49

PLATE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Explanstion of Plate 50 381

Figures 1-3. Zonopbfé ééirélis (Goldfuss), 1826. All speci-
mens from Cretaceous, Maastrichtian, Maastricht (Lim-
burg), Netherlands. | - h -

Figure 1. USNM Loc. 2965A-21.

la. Longitudinal sectlon, acetate peel x30 showing small
zooecla at zoarial embayment with porous terminal dia-
phragms, Primary growth 1s encrusted by intrazoarial
overgrowth.

1b. Longlitudinal section, acetate peel x100, detail of 1a.
Terminal dlaphragm is porous and similar in appearance
to zooeclal lining of subjacent zooecial walls. Adja-
cent dlaphragms are not continuous across terminus of
zooeclal wall. Light-colored, homogeneous tissue of
basal layer 1s continuous with cortex tissue of en-
crusting zooecla.

Figure 2. USNM Loc. 2965A-23.

2a. Longitudinal section, acetate peel x30. Shows large
zooecia budding from axial region offset to right sidé
of branch. Shows thin, parallel-sided walls in endo-
zone and thickened exozonal walls with characteristic
club or lanceolate profiles. Note that the apertural
rims are constricted, forming a cusp-shaped profile
from which terminal diaphragms extend laterally.

2b. Longitudinal section, acetate peel x100. Tissue of
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terminal dlaphragm is continuous with zooecial linings,
but does not extend across light-colored cortex tissue
at terminus of zooecial wall.
2c. Longitudinal section, acetate peel x100. Detail of 1a

showing cuspate extension of apertural rim and lateral
flexure of zooecial lining to form terminal diaphragm.

Figure 3. USNM Loc. 29654-26, longitudinal section, acetate
peel x100. Zooecial walls of large zooecia in outer
exozone. The thin zoocecial lining and rod-like exten-
sion of_cortex into the zooeclal cavity as mural spines,
suggest a younger ontogenetic stage than shown in

pl. 36, figs. 14, e, and pl. 37, fig. 1le.
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Flgure 1. Recent cerioporid, USNM 6086-~1, x30. Brood chamber
wlth roof partially broken away to show interior, re-
veallng intrachamber zooecla connected by thin septate
walls,
Figure 2. Recent cerioporid, BM O'Donoghue Coll. 1963=2-6=-1
pt. all x100. Soft tissues are stained. -
2a. Tangentlal thin-section. Basal portion of tentacular
crowns in three zooecia; brown bodies in smaller zooe-
cia to left. Dark lines in skeletal wall probably are
algal or fungal borings. Note dark staining nuclel of
cellular tissue in interzooidal part indicated by
arrow.
2b. Longltudinal thin-section. Shows tentacular crowns and
Vlsceral sacs of two zooids. Insertion of lophophore
retractor muscles directly on body wall shown in zooid
on right; also note lack of funiculus at base of vis-
ceral sac.
2c. Shows tentacular crown, visceral sac and brown bodies
in center zooecium. Nucleated strands of tissue appear
to pass continuously through interzooidal pore marked

by arrow.
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