RESTUDY OF TYPES OF
SEVEN ORDOVICIAN BIFOLIATE BRYOZOA

by JUNE R. P. PHILLIPS

ABSTRACT. Restudy of original material and additional specimens for the type species of six bifoliate cryptostome
genera indicates the need for revising the current suprageneric classification. The genera involved are regrouped
into three informally named taxonomic categories. Escharopora recta Hall, Graptodictya perelegans (Ulrich),
G. elegantula (Hall), and Stictoporella interstincta Ulrich are placed in the escharoporid group, Stictopora fenes-
trata Hall, S. nicholsoni (Ulrich), and Eurydictya moutifera Ulrich are placed in the stictoporid group, and Pachy-
dictya robusta Ulrich and probably Trigouodictya conciliatrix (Ulrich) stand in the pachydictyid group. The
categories are distinguished from each other by distinctive lamellate zooecial wall structures, mode of growth of

the zooecium from the mesothecal plane, and occurrence of mesopores, acanthopores, and transverse structures
in the zooecial tube.

Sectioning of the type species of Stictopora, S. fenestrata, reveals that the genus Rhinidictya is a synonym of
Stictopora.

INTRODUCTION

RECENT work by the author on the bifoliate cryptostomatous Bryozoa of the Ordovician
and Silurian of Anticosti Island indicates that the primary types of many species and
genera need to be restudied and critically evaluated. This paper is concerned with the
interpretation of the type species of six genera—FEurydictya, Pachydictya, Escliaropora,
Stictopora (Rhiuidictya is a synonym of Stictopora), Graptodictya, and Stictoporella. The
original material for the type species was restudied, and additional material was used
for understanding the type species of Eurydictya, Escharopora, Stictopora, Graptodictya,
and Stictoporella. In the generally accepted classification (Bassler 1953) the genera dis-
cussed are assigned to three families: Escharopora and Graptodictya to the Ptilodictyidae,
Stictopora and Stictoporella to the Stictoporellidae, and Rlinidictya, Eurydictya, and
Pachydictya to the Rhinidictyidae. As a result of the present study, the genera are re-
grouped into categories informally named stictoporid, pachydictyid, and escharoporid.
These groups are distinguished from each other by the type of zooecial wall structure,
mode of growth of the zooecium from the mesothecal plane, structure of the meso-
thecal plane, occurrence of mesopores, and transverse structures in the zooecial tubes.
~ The bifoliate mode of growth in Bryozoa generally results in so distinctive an external
appearance of the zoarium that genera have commonly been erected on this feature
alone without consideration for internal structures. As the nine bifoliate species restudied
here have delicate zoaria they are invariably fragmented. Stictopora nicholsoni (Ulrich)
develops a zoarium with long bifurcate ribbon-shaped branches which originate from a
circular basal attachment. Graptodictya perelegans (Ulrich) and Eurydictya montifera
Ulrich develop from a pointed proximal tip from which extends a bifurcate ribbon-shaped
branch in the former species and a broad explanate frond in the latter. Although
Escharopora recta Hall develops from a pointed proximal tip and is initially a narrow
cylindrical stem, it becomes a flat stem within a short distance and lacks bifurcation.
The distal part of the zoarium is not known. Only zoarial fragments of the other species
| are known. Zoarial fragments of Pachydictya robusta Ulrich, Trigonodictya conciliatrix
| (Ulrich), Stictopora fenestrata Hall, Graptodictya elegantula (Hall), and Stictoporella

|| [Palaeontology, Vol. 3, Part 1, 1960, pp. 1-25, pls. 1-10.]
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interstincta Ulrich are bifurcate and ribbon-shaped. In addition to the different growth
forms of the zoaria, externally the seven species have surficial differences in the peri-
stomes, monticules and maculae, mesopores, and striate lateral margins. However, it is
the internal structures that show that the nine species should be grouped into three cate-
gories. Escharopora recta, Graptodictya perelegans, G. elegantula, and Stictoporella
interstincta constitute the escharoporid group, Stictopora fenestrata, S. nicholsoni, and
Eurydictya montifera form the stictoporid group, and Pachydictya robusta and probably
Trigonodictya conciliarrix stand in the pachydictyid group.
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MORPHOLOGY

Immature and mature regions. In the escharoporid (Pl. 6, fig. 11; Pl. 8, fig. 2) and the
stictoporid (PL. 1, fig. 10; PL. 3, fig. 6) the line of demarcation between the immature and
mature regions is taken at the abrupt change in direction of the zooecial walls. In the
pachydictyid group (Pl. 4, fig. 2) the zooecia do not abruptly change direction of growth
and the line of demarcation between the immature and mature regions is taken at the
initial thickening of the zooecial walls. In this latter group tabulate interspaces develop
in the immature region (Pl. 4, fig. 4), whereas in the escharoporid group mesopores are
present in the mature region (Pl. 6, fig.-1). In the stictoporid group mesopores and
tabulate interspaces are absent.

Mesothecal plane. In all nine bifoliate species the zooecia grow on opposite sides of a
mesothecal plane which is a plane of bilateral symmetry through the zoarial branches
(PL. 2, fig. 1; PL 4, fig. 1; PL. 6, fig. 1). This planar structure is formed by the basal
zooecial walls where they are laterally contiguous across the zoarial branch (Pl 1,
fig. 7; PL 2, fig. 6; PL. 8, fig. 2; PL. 9, fig. 7). The basal wall of each zooecium forms a
small section of the mesothecal plane and overlaps the preceding basal zooecial wall
by as much as one-third its length, thus forming a bilaminate structure. The escharo-
porid group with zoaria of either bifurcate, ribbon-shaped branches, or non-bifurcate
flat stems possesses this simple bilaminate structure of the mesothecal plane in the
immature region (PL 6, fig. 1; PL 9, figs. 4, 5, 6). However, the lateral extension
of the mesothecal plane into the mature region at the edges of the zoarial branch
causes the mesothecal plane to lose its bilaminate identity although retaining its posi-
tion in the plane of bilateral symmetry. In the mature region at the edge of the zoarial
branch (Pl. 6, figs. 1, 3) the mesothecal plane becomes a band of convex lamellae which
continue into the lamellae of the zooecial walls. As the mature region at the edges of the
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branch widens, new lamellae extend from the mesothecal plane so that the lateral margin
consists of a series of bands of lamellae (text-fig. 1).
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TEXT-FIG. 1. Escharopora recta Hall, transverse section, AMNH %2 3100 approx.; lateral margin
on right-hand side.

In the pachydictyid and stictoporid groups the thin mesotheca is pierced by median
tubuli (PL 2, fig. 1; PL 3, fig. 2; PL. 5, fig. 3; PL. 7, fig. 4). These tubuli represent the ex-
tension of the acanthopores into the basal part of the zooecial walls. In transverse
section of Pachydictya robusta (Pl. 5, fig. 2) thin young zooecial walls are pierced by
dark lamellate acanthopore walls. In P. robusta the mesothecal plane with median tubuli
extends into the non-zooecial lateral margin (Pl. 4, fig. 3) where acanthopores develop
from the mesothecal plane and pass through the lamellae of the walls to the periphery.

Hemisepta and diaphragms. The hemisepta are short shelf-like structures generally de-
veloped in the basal mature to submature region and extend into the zooecial tubes
from the zooecial wall.
The superior hemiseptum is a short structure projecting from the proximal wall into
“the zooecial tube. At the base of the mature region in the stictoporid and escharoporid
groups, curved lamellae project from the proximal wall into the zooecium (PL 1, fig. 7;
Pl 2, fig. 4; PL. 7, fig. 7) and usually form a hook-shaped hemiseptum as seen in longi-
tudinal section. Subsequent deposition in the later stages of growth may result in ad-
dition of lamellae on top of the hemiseptum and these additional lamellae may extend
across the zooecial tube (PL 1, figs. 7, 10; PL. 2, fig. 6; PL. 6, fig. 11). Such a hemiseptum
connects either with the mesotheca or the lower part of the distal wall (Pl. 2, fig. 6).
Enrydictya montifera has two well-developed superior hemisepta which are located in
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the submat}lre region and basal mature regions (PI. 3, fig. 6). The pachydictyid group
lacks superior hemisepta and the zooecial walls curve gently from the immature to the
mature region (Pl. 4, fig. 2).
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TEXT-FIG. 2. Stictopora nicholsoni (Ulrich), oblique longitudinal section through the mesothecal plane,
USNM 137615, x 150 approx.

Inferior hemisepta occur as short spines and project at right angles from the meso-
theca or the distal wall and may be present in the stictoporid group (Pl. 2, fig. 4).

In the stictoporid and escharoporid groups transverse structures other than hemisepta
are rare. In some specimens in the immature and mature regions a thin laminate dia-
phragm crosses a zooecial tube, and curves up along the inner walls eventually passing
into the lamellae of the zooecial walls (P1. 9, fig. 7).

In the pachydictyid group diaphragms are sparse in zooecia, and possess a laminate
structure. They thicken slightly at their connexion with the inner zooecial wall (P1. 5,

fig. 1). Thus the diaphragms curve distally along the inner zooecial wall for a considerable

distance before they pass into the zooecial wall. In the submature region the diaphragms
are thin, laminate structures and in the outer mature region they thicken greatly and may
amalgamate to fill completely the zooecial tube.

Acanthopores and median tubuli. Acanthopores are present only in the stictoporid and
pachydictyid groups. They are of one size and are small in diameter in comparison to
similar well-developed structures in trepostomes such as Leioclema.
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In the stictoporid and pachydictyid groups acanthopores occur in the basal zooecial
walls in the mesothecal plane where they have been called median tubuli. From the
mesothecal plane they extend outwards through the zooecial walls to the periphery,
and maintain growth approximately parallel to the direction of growth of the zooecia
(PL 5, figs. 2, 3). In the mature region they generally multiply and are very numerous
around the zooecial apertures (PL. 1, fig. 7; Pl. 2, fig. 5; Pl 3, figs. 3, 7). These tubules
possess a clear lumen and lamellate wall structure which intertongues with the zooecial
wall structure. In longitudinal section they appear as narrow distinct bands extending
through the zooecial walls (P1. 1, fig. 7). In the stictoporid group the acanthopore walls
consist of distally convex lamellae which are more closely spaced than the lamellae of
the zooecial walls. Unlike the acanthopore wall structure in such trepostomes as Basfo-
stoma and Trematopora, in which the lamellae are steeply inclined, the acanthopore wall
structure in the stictoporid and pachydictyid groups is smoothly arched. In tangential
section (PI. 2, fig. 5; PL. 3, fig. 5; PL. 5, fig. 4) the acanthopores are small tubes outlined
by thin dense walls.

Mesopores. In tangential section mesopores appear as small polygonal tubes enclosed
in the zooecial walls (PL. 10, figs. 4, 6). The tubes are smaller than the adjoining zooecia,
but the wall structure of the mesopores and zooecia is identical. In the stictoporid group
mesopores are absent and in the escharoporid group non-tabulate mesopores occur
only in the mature region. In the pachydictyid group tabulate interspaces occur in the
immature and submature regions (PI. 4, figs. 1-4).

Monticules and maculae. The terms monticule and macula describe aggregations of
several types of zoarial deposits. Surficially marked either by elevated, or by flat or
slightly depressed areas, they are common features in many zoaria, and may represent
stages of zoarial growth. The flat or slightly depressed areas apparently occur in the
younger part of a zoarium and the elevated areas apparently occur in the older part of
a zoarium, e.g. Pacliydictya robusta.

In Stictopora nicliolsoni and Escharopora recta the zoaria apparently lack monticules
and maculae. In Graptodictya perelegans and G. elegantula in arcas of bifurcation the
zooecia are enlarged and have thickened walls (PL. 8, figs. 3, 4). These areas may be
regarded as rudimentary maculae. In Stictoporella interstincta maculae consist of aggre-
gations of mesopores (PL. 10, fig. 3) level with the surface of the zoarium. In Pachydictya
robusta (Pl. 4, fig. 5) both monticules and maculae consist of elevated enlarged zooecia
and thickened walls.

In Euridictya montifera monticules are well developed across the zoaria (PI. 3, figs. 3,
4, 7). They also have lamellae over the elevated zooecia, as in Pachydictya robusta.

Zooecial aperture. The arrangement and attitude of the zooecial apertures vary across
the zoarial branch. Zooecia situated in the middle of the branch generally are aligned
parallel to the direction of growth of the branch and open directly to the surface; such
zooecia are described as median-direct (Pl. 2, fig. 2). Zooecia situated on the margin of
the zoarial branch commonly are directed obliquely to the zoarial surface and also to
the axis of growth of the branch; these are termed lateral-oblique zooecia (PI. 9, figs. 1,
2). A linear series of zooecia parallel with the direction of growth of the zoarial branch
is termed a range (PL. 1, fig. 8).
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In the three groups lateral addition of zooecia by budding in the lateral margins
widens the zoarial branches. Initially the new zooecia have lateral-oblique zooecial aper-
tures on the margins of the branches, but after bifurcation of a branch these lateral
ranges become realigned as median-direct zooecia. In Escharopora recta (Pl. 6, figs.1, 3)
zooecia bud laterally from the mesothecal plane and extend outwards to appear on the
edge of the zoarial branch. The new buds near the lateral margins lack the typical thin
basal walls but instead are enclosed by lamellae of the mature region.

Distal growth of the zoarial branches takes place in the mesothecal plane, and zooecia
bud distally from the preceding longitudinal zooecia.

SYSTEMATIC DESCRIPTIONS
Stictoporid group

In the stictoporid group (text-fig. 2) the early thin walls of the zooecia grow only a
short distance above the mesothecal plane as steeply inclined partitions before abruptly
changing direction, curving away from the mesothecal plane (Pl. 1, fig. 10), and thicken-
ing greatly. In the mature region lamellae, steeply inclined towards adjacent zooecia,
form the inner zooecial wall. These short lamellae curve sharply as broad arches toward
adjacent zooecia and are distally convex. Longitudinal sections through the mature
region display this lamellate wall structure (Pl. 3, fig. 6), and tangential sections show
a narrow concentric band forming the inner wall, and broad lamellae in the outer wall

EXPLANATION OF PLATE 1

Figs. 1, 2, 4, 6-8, 10. Stictopora nicholsoni (Ulrich). 1, Zoarial fragment, paratype USNM 137620,
x 2. 2, External view of lectotype USNM 137622, 3. 4, Median tubuli in mesothecal plane, trans-
verse section of lectotype USNM 137622, < 100. 6, Deep tangential section near the base of the
mature region and passing obliquely through the mesothecal plane; hemisepta project from the
zooecial walls; mesothecal plane passes obliquely across the photograph from lower left to upper
right hand corner, USNM 137617, % 50. 7. Oblique longitudinal section passing through the meso-
thecal plane; on the left near the periphery, acanthopores are cut obliquely, USNM 137615, x 50.
8, Deep tangential section of lectotype USNM 137622 having ranges of elongate zooecia and linear
series of acanthopores, x 50. 10, Longitudinal section of lectotype USNM 137622 having superior
hemisepta, < 50.

Figs. 3, 5,9, 11. Stictopora fenestrata Hall. 3, Transverse section of topotype NYSM 11231 having
median tubuli, x50. 5, Tangential section of lectotype NYSM 915 showing longitudinal series of
acanthopores in zooecial walls, % 100. 9, External view of lectotype NYSM 915, x5, most of the
zoarium is split along the mesothecal plane. 11, Oblique longitudinal section of lectotype NYSM 915
cutting obliquely through the mesothecal plane and zooccia, X 100.

EXPLANATION OF PLATE 2

Figs. 1-6. Stictopora nicholsoni (Ulrich). 1, Transverse section of paratype USNM 137615 with median
tubuli, x50. 2, Tangential section in older part of zoarium where thickened zooecial walls almost
obscure the zooecial apertures; acanthopores are numerous; paratype USNM 137615, x50. 3,
Tangential section in younger part of zoarium having wide zooecial apertures, paratype USNM
137620, < 50. 4, Longitudinal section of paratype USNM 137618 showing superior and inferior
hemisepta, % 50. 5, Tangential section of paratype USNM 137615 showing acanthopores in the
lamellate zooecial walls, % 100. 6, Oblique longitudinal section through mesotheca and early part
of zooecium, paratype USNM 137615, < 100.
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(PL. 2, fig. 5; PL. 3, fig. 5). As in the escharoporid and pachydictyid groups no line of
demarcation marks a boundary between adjacent zooecia, there being apparently con-
tinuous lamellae from one zooecium to the next. Thickening of the zooecial walls may
be so extensive that the zooecial apertures become greatly restricted (P1. 2, fig. 2). The
mesothecal plane is pierced by median tubuli which represent the extension of the acan-
thopores into the basal part of the zooecial walls. Acanthopores are numerous around
the zooecial apertures. They have a clear lumen and lamellate wall structure. Superior
hemisepta are developed at the base of the mature region, and the genus Eurydictya
is characterized by the development of two superior hemisepta at the base of each
proximal zooecial wall. Diaphragms are rare and when present they are thin laminate
structures. Inferior hemisepta are usually present.

Genus STICTOPORA Hall 1847
Type species Stictopora fenestrata Hall (1847, p. 16), designated Ulrich (1886, p. 67)

Stictopora Hall 1847, p. 73.
Sulcopora d’Orbigny 1849, p. 499.
Rhinidictya Ulrich 1882, p. 152.

Emended definition. Bifoliate branching zoarium which grows from a circular basal
attachment. Mesothecal plane extends the full width of the zoarium and possesses nu-
merous median tubuli. Zooecia bud from the mesotheca in ranges and they alternate
on opposite sides of the mesotheca with overlap of the proximal zooecial walls. Small
acanthopores in the zooecial wall extend from the mesotheca to the periphery and the
dark lamellate acanthopore walls are very distinct in longitudinal section. Acanthopores
multiply at the base of the mature region.

Thin longitudinal laminate zooecial walls in the immature region thicken abruptly
into the sub-mature region with a change in direction of zooecial growth, and the walls
become curved lamellae in the mature region. The zooecial wall lamellae slope steeply
along the inner wall towards adjacent zooecia. This narrow inner band of wall lamellae
curves over abruptly to form broad convex lamellae in the outer part of the zooecial
wall. The boundary between adjacent zooecial walls is not apparent. Lamellate superior
hemisepta are present on the proximal wall. Inferior hemisepta and diaphragms are
limited in their development.

Stictopora feunestrata Hall 1847
Plate 1, figs. 3, 5, 9, 11
Stictopora fenestrata Hall 1847, p. 16, pl. 4, figs. 4a, 4b, 4c, 4d.
Rhinidictya fenestrata (Hall); Clarke 1903, p. 159.

Type material. Lectotype NYSM 915 (8%12), designated here as specimen figured by Hall (1847, pl. 4,
figs. 4¢, 4d); Chazy limestone (Chazy), Clinton County, New York.

Description. Zoaria: zoarial fragment of lectotype 2 cm. in length and topotype material
reaches 1 cm. in length. Very slender ribbon-shaped branches with frequent bifurcations
which occur about every 4 mm. in the lectotype. The branches have straight and very
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narrow margins without zooecia, and the zooecial surfaces are slightly convex, ap-
parently lacking monticules and maculae.

Zooecia are oblique to the surface and form ranges in which the zooecia generally
alternate (P1. 1, fig. 9). Longitudinal series of acanthopores demarcate the ranges and
surround the zooecial apertures (PI. 1, fig. 5).

Zooecial structures: the early zooecial walls are thin and extend only a short distance
at an inclination of 15-25° to the mesothecal plane before they abruptly change direction
and curve outward with an angle of 60° to the mesothecal plane. The walls thicken greatly
at the base of the mature region. Lamellae lining the inner zooecial wall in the mature
region lie steeply inclined toward adjacent zooecia. Toward the outer wall these steep
lamellae curve abruptly toward adjacent zooecia and become broad convex lamellae
(P1. 1, fig. 11). No demarcation line marks a boundary between adjacent zooecia and
these lamellae are apparently continuous between zooecia. At the base of the mature
region very short superior hemisepta are present.

Thin laminate diaphragms may be present and usually one diaphragm per zooecial
tube crosses the tube in the immature or submature region.

Acanthopores (PL. 1, fig. 5) are 0-002 mm. in diameter and originate as median tubuli
in the mesothecal plane. In the mature region the acanthopores multiply and are nu-
merous at the periphery where they may form three or four longitudinal series between
adjacent zooecia. The dark laminate acanthopore walls intertongue with the zooecial
wall lamcllae.

Measurements Lectotype Topotype

Zoarial branch width—mm. . . . . 5 . 1-8-2-0 ..
Zoarial branch thickness—mm. . . . . 5 0-5-0-6 0-4-0-6
Width of lateral margin—mm. . 0 c 5 . > |l 0-2 ’
Ranges on branch . . . . . . . 11-12 11-12
No. of median ranges . . . . . . 7-8 7-8
No. of lateral ranges at each margm . . . 5 5 lor2 l1or2
No. of zooecia in 2 mm.

Longitudinally . . X . . . . . 6 7

Laterally . . . . . . . . 10-11 12
Acanthopores per zooecium . 5 . . . c At least 16 At least 16
Interspace between zooecia in mm.

Longitudinally . . . . . . . . 0-18-0-22 0-11-0-20
Laterally . . . . . . . . . 0-10-0-13 0-10-0-15
Zooecial apertures—mm. . . . . . . . (0-06x0-03) (0-08 < 0-06)

(010 X 0-06) 015 0-10)
Ratio: Depth of mature region . . . . . o 0-60-0-75 0-75
Depth of zooecium

Remarks. Stictopora fenestrata is very similar to S. nicholsoni in possessing numerous
median tubuli, acanthopores, and slender bifurcating ribbon-shaped branches. It differs
from this species in poor development of superior hemisepta and more oblique zooecial
apertures.

Topotype material for study of this species came from the rock specimen containing
the lectotype.



'\;A'V\

1A BURY
A' = l' I
t“.“‘ N .“ o]
', \ e ol ' v
:“z“ \“i | -.1 {‘ \ '







































