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ABSTRACT.-Eight different zoarial growth forms are
distinguishable among bryozoans in the Wreford Mega-
cyclothem (Lower Permian) in Kansas. All of the growth
forms are most abundant in Wreford calcareous shales and
are inferred to have flourished most in waters which were
comparatively deep, far from shore, quiet, and of normal
marine salinity. Several Permian zoarial growth forms
resemble those of living cheilostomes; some of the Permian
zoarial forms had ecologic ranges similar to, and others
had ranges somewhat different from, the Recent forms
which they resemble.

Most robust branching and a few encrusting sheetlike
zoaria collected from the Wreford belong to Tabulipora
carbonariu (WORTHEN, 1875), a trepostome bryozoan spe-
cies which lived in central North America at least from
Middle Pennsylvanian (Desmoinesian) into Early Per-
mian ( Wolfcampian) time. This species probably evolved
from members of the Late Mississippian T. cestriensis-T.
ramosa complex. Taxonomic aspects, including applica-
tion of biologic species concepts and selection of a lecto-
type, and the morphologic characteristics of T. carbonaria
are discussed extensively.

Tabulipora carbonariu must be considered a morpho-
logically highly variable species. The range of morpho-
logic variability within single zoaria, as well as that seen

within and among various groups of zoaria, belonging to
this species are both extremely great. This high variability
affects some morphologic characters, particularly dia-
phragms and wall types, which previous workers have
considered taxonomic characters of generic and subordinal
significance; thus, the taxonomic usefulness of these
morphologic characters must be questioned. The life his-
tory of individual T. carbonaria zoaria is discussed; most
Wreford specimens may have been a few months to a few
years old at death.

Some Wreford Tabulipora carbonalia specimens dis-
play progressive geographic (chimp variations across
Kansas; others show stratigraphie (microevolutionary)
variations within the megacyclothem. During Wreford
time in Kansas, T. carbonaria lived clustered together in
small isolated patches that were composed mainly of small
zoaria. This species was relatively most successful, as
indicated by the "success number- defined herein, in en-
vironments where calcareous shales formed; it was much
less successful where cherty and algal limestones formed;
and it was either just barely able to survive or entirely
absent where other rock types formed. T. carbonaria,
therefore, is interpreted to have thrived most in waters
which were relatively deep, far from shore, quiet, and of
normal marine salinity.

INTRODUCTION

PURPOSE OF STUDY
Fossil bryozoans are abundant in late Paleozoic marine

deposits of the central United States. Unfortunately, how-
ever, bryozoans of Pennsylvanian and Permian age have
been studied very little in North America. Consequently,
I undertook the present study in order to add to knowl-
edge of North American late Paleozoic bryozoans, particu-
larly trepostome bryozoans. Such knowledge is potentially
useful both in regional biostratigraphic investigations and
in studies of the taxonomy and evolution of major groups
of bryozoans.

The stratigraphy and inferred depositional environ-
ment of sonic of the American late Paleozoic rock units
have been intensively studied. One of these rock units, the
Wreford Megacyclothem (Lower Permian), contains
many bryozoans along its outcrop in Kansas; because the
stratigraphy of this unit is well known, I was able to
collect from it many bryozoans, all of the geographic
locations, stratigraphie positions, and lithologie occurrences
of which could be determined very precisely. In addition

to furnishing data for the present paper, bryozoans which
I collected from the Wreford will form the basis for sev-

eral future papers, in which I hope to discuss various other
aspects of the Wreford bryozoan fauna.

One of the most interesting elements of the Wreford

bryozoan fauna is the group of large ramose trepostomes.

Because I had collected about 600 of these forms, because

they were all precisely located geographically, stratigraph-

ically, and lithologically, and because they arc all judged

to be conspecific, they could be studied intensively in order

to gain a thorough understanding of all aspects of the

species—Tabu lipora carbonaria—which they represent.
Such an intensive study of a single species has very rarely
been undertaken for fossil, particularly Paleozoic, bryo-
zoans; the paper by LACAAIJ (1963) on the cheilostome
bryozoan Cupuladria canariensis is the only example of
such a study known to me.

Probably the most important cmitribution which the
present study, like any other which treats one species ex-
haustively, cati make is to portray all aspects of the lives
of the animals which comprise that species. Morphology,
variability, life history, ecology, evolution, and taxonomy
are all essential elements of this complete portrayal of the
bryozoan Tabulipora carbonaria. This paper is also one of
the first extensive studies of the morphologic variability
found within a Paleozoic bryozoan species, and one of the
very few studies of such intraspecific variability for any
kind of colonial organism. The results reported therefore
have considerable importance for hryozoan taxonomic
work, particularly that at the species level and that em-
ploying the techniques of computer-based numerical
taxonomy.
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In order to set the stage for intensive examination of
the bryozoan species Tabulipora carbonaria in the Wreford
Megacyclothem in Kansas, I will briefly review the stra-
tigraphy and inferred environments of deposition of the
rocks in which the species occurs and then discuss in a
general way the other bryozoans which are found in these
rocks. These sections of the paper will also serve as back-
ground information for future papers dealing with other
bryozoans which I collected from the Wreford. After
these sections, I will take up individually different aspects
of the bryozoan species T. carbonaria and treat them in
detail.
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STRATIGRAPHY

PREVIOUS WORK
SWALLOW & HAWN (1858) published the first de-

scription of the Permian rocks of Kansas and the earliest
stratigraphic descriptions in which the Wreford Limestone
can be recognized appeared soon thereafter (MEEK &
HAYDEN, 1860, p. 17; SWALLOW, 1866, p. 11-16). HAY

(1893, p. 104), PROSSER (1902, p. 714), CONDRA (1927, p.
232, 234), CONDRA & UPP (1931, p. 23-38), and MOORE

(1936, p. 12) all participated in naming and defining the
rock units which contain the Wreford Megacyclothem.
Many subsequent works have mentioned the Wreford
strata, particularly those which discuss the late Paleozoic
rocks of Kansas and their characteristic cyclothems given
in geologic reports on various counties, and guidebooks for
field conferences held in the region. More detailed studies
involving the Wreford Megacyclothem have also been
made, such as those concerning the origin of the chert in
the Wreford Limestone (101) 1, fossil plants from the
Wreford (27, p. 698; 91, p. 387), microfossil assemblages
from the Speiser Shale (57), and a fossil amphibian from
the Speiser (45). The most comprehensive study of the
Wreford Megacyclothem thus far has been detailed work
on the stratigraphy and environment of deposition of these
rocks by HATTIN ( 1957).

1 I tat kited numbers indicate publications listed in "References" at end of
article.

GENERAL SETTING
The rock units containing the Wreford Megacy-

clothem are exposed in Kansas in a north-south strip
extending from Marshall and Nemaha Counties in
the north to Cowley County in the south (Fig. 1).
The rock units extend northward into Nebraska at
least as far as Gage County, and southward into Okla-
homa to Pawnee County or beyond. Their area of
outcrop lies within the Dissected Till Plains in north-
ern Kansas, and within the Flint Hills portion of the
Osage Plains in central and southern Kansas (31. p.
588-622, pl. 6; 100, p. 245-251). In the Flint Hills, the
Threemile and Schroyer limestone units form topo-
graphic benches, while the Speiser, Havensville, and
Wymore shale units form covered slopes.

The Wreford Megacyclothem, as defined by HAT-
TIN (1957, p. 104-106), includes the rocks from channel
sandstones and red shales in the middle of the Speiser
Shale up through red shales in the middle of the Wy-
more Shale Member of the Matfield Formation. The
stratigraphie position of the units within the Permian
rock sequence in Kansas is shown in Table 1. MER-

RIAM (1963, p. 105) considered that the lower boun-
dary of the Wreford Megacyclothem belongs farther
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down in the section (middle of Blue Rapids Shale),

hut because the collecting on which the present paper

is based was done in 1962, I have followed HATTIN'S
usage in defining the megacyclothem.

TABLE 1. Permian Rock Succession of Kansas, Showing

Position of Stratigraphie Units (marked by asterisks)

Containing the Wre ford Megacyclothem.

Permian System
Upper Permian Series
Lower Permian Series
Cimarronian Stage
Nippewalla Group
Sumner Group

Gearyan (=Wolfcampian=Lyonian="Big Blue - ) Stage

Chase Group
No lans Limestone
Odell Shale
Win field Limestone
Doyle Shale
Barneston Limestone
Matfield Shale

Blue Springs Shale Member
Kinney Limestone Member

•Wymore Shale Member
• Wreford Limestone

•Schrover Limestone Member
• Havensville Shale Member
•Threemile Limestone Member

Council Grove Group
*Speiser Shale
Funston Limestone
Blue Rapids Shale
Crouse Limestone
Easly Creek Shale
Bader Limestone
Stearns Shale
Beattie Limestone
Eskridge Shale
Grenola Limestone
Roca Shale
Red Eagle Limestone
Iohnson Shale
Foraker Limestone

Admire Group

The precise stratigraphie age of the rock units con-

taining the Wreford Megacyclothem has been the sub-

ject of extensive controversy (69). The consensus is

that the rocks in question are of Early Permian age
(25, 66, 77); however, some geologists (BRANsoN, 1962,
p. 2, 3, 449) assign them a Late Pennsylvanian age

instead. The difference of opinion results from the
fact that deposition in the northern midcontinent
region continued without significant interruption
through Late Pennsylvanian into Early Permian time.
Also, because the North American standard section of
Permian rocks represents an environment markedly

0
	

50 Mi les

Fli;URE 1. Outcrop of Wrcford Limestone (Lower Permian) in
Kansas (adapted from Geologic Map of Kansas, 1964).

different from that of the northern midcontinent,
some workers have expressed doubts concerning the

exact correlation of the Kansas Permian rocks with
those of the West Texas standard section; conse-
quently, local series or stage names have been intro-
duced recently for northern midcontinent Permian
rocks (9, 79).
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At maximum extent of the sea during deposition
of the Wreford Megacyclothem, southern Nebraska,
Kansas, panhandle and northern Oklahoma, and pan-
handle Texas formed a shelf covered by shallow
marine waters; carbonate deposits essentially of Wre-
ford age are known throughout this area (85, p. 1368).
This shelf area gave way to deeper waters in the Mid-
land basin in northwestern Texas. To the west, in cen-
tral Colorado, and to the south, in southern Oklahoma,
were tectonically positive areas which were elevated
above sea level and which furnished the red terrige-
nous elastic sediments into which the Wreford lime-
stones grade laterally in eastern Colorado and central
Oklahoma. The shoreline to the east and north was
relatively far away from the present area of exposure
of the Wreford Megacyclothem.

Previous work has indicated that a shoal area, the
Greenwood shoal, located in Greenwood and Butler
Counties, Kansas, influenced sedimentation during
deposition of the Americus (41) and Beattie (49, 58)
Limestones. The facts that the chalky limestones of
the upper Threemile occur only north of the area of
this shoal and that the algal and algal-molluscan lime-
stones at the top of the Threemile and in the upper
Havensville occur largely south of the presumed shoal
area suggests that the Greenwood shoal may have
existed during Wreford time also. However, detailed
petrographic study of the Wreford rocks, especially
the carbonates, would be necessary to confirm this
suggestion.

Beginning with JEWETT (1933) and ELIAS (1934),
various workers have noted the cyclic nature of the
late Paleozoic rocks of Kansas; MOORE (1962) has out-
lined present knowledge concerning these cyclic de-
posits or cyclothems. The fundamental underlying
causes of cyclic sedimentation are unknown. Wheth-
er or not any of the thin but laterally persistent litho-
logic phases of a cyclothem is of precisely the same
age throughout its great geographic extent also is not
known. ELIAS (1937) outlined characteristics of the
Lower Permian cyclothems of Kansas and interpreted
the environment in which each cyclic phase was de-
posited; in his opinion, depth of water covering an
area mainly determined the rock type and fossils
deposited there, and he estimated that maximum
depth during a single cycle of transgression and re-
gression was between 160 and 180 feet (Table 2).

Five of the Lower Permian stratigraphie units of
Kansas have recently been studied in detail to learn

TABLE 2. Lower (Transgressive) Flemicycle of Idealized
Lower Permian Cyclothem of Elias.

	Phases, established
	

Corresponding

	

chiefly on paleon-	 typical
	

Depth

	

No. tologic evidence
	

lithology
	

(feet)

Clayey shale, mudstone
	

60-90
to bedded limestone

Sandy, often varved(?),	 30-60

rarely clayey, shale

to fine sandy 0-30}Clayey

shale, rarely consolidated 0

Lenticular sandstone 0+

I The upper (regressive) hcmicycle consists of the same succes-

sion as the lower but in reverse order. (Modified from ELIAS, 1937.
and HATT1N, 1957.1

more about the nature of cyclothems. These are the
Wreford Limestone (HArrn.r, 1957), Beattie Lime-
stone (48, 49, 58), Grenola Limestone (56), Red Eagle
Limestone (61), and Americus Limestone Member of
the Foraker Limestone (41). The studies indicate that
factors other than depth of water or distance from
shore during a simple transgression and regression of
the sea also influenced significantly the nature of ma-
terials deposited, such other factors including turbu-
lence, circulation, salinity, rate of influx of terrigenous
detritus, and tectonism. The studies also suggest that
maximum depth of water during a cycle of sedimen-
tation was probably on the order of 60 feet rather than
180 feet.

Numerous measured sections of the rocks of the
Wreford Megacyclothem have been published, espe-
cially by HATTIN (1957) and in reports on the geology
of various counties in Kansas—Nemaha (76), Mar-
shall (106), Jackson (105), Pottawatomie (90), Riley
and Geary (51), Wabaunsee (74), Morris (75), Lyon
(80), Chase (72), Elk (104), and Cowley (1, 3).

ROCK TYPES
A number of different rock types recur throughout the

late Paleozoic cyclic deposits of Kansas. The following
paragraphs discuss briefly some aspects of those found in
the Wreford Megacyclothem, the order of their treatment
corresponding approximately to their sequence in a trans-
gressive hemicycle. For details regarding the more impor-
tant of the rock types, reference may be made to HATTIN
(1957). Absolute depths of water have been suggested for

4t. Molluscan phase

3t. Lingula phase

2t. Green shale

It. Red shale

0. Channel sandstone
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the depositional environments of some of the rock types

which have been most intensively studied; the depths are

given here but in the present state of knowledge they must

be regarded as merely possibilities rather than proba-
bilities.

CHANNEL CONGLOMERATE
Thin lenses of greenish-gray, calcareous, thin- to me-

dium-bedded, limestone-, shale-, and chert-pebble con-

glomerate are rarely found in the Speiser Shale. In places,

as at locality LY02 (see localities list, p. 89), conglom-

erates contain abundant fragmentary vertebrate remains
(amphibians or reptiles). The conglomerates probably
represent deposits made in stream channels on a coastal
plain or in submerged extensions of such channels in mar-

ginal marine waters at the mouths of streams, because the

position of the rocks is very similar to that of channel

sandstones found in the Speiser.

CHANNEL SANDSTONE
Channel sandstone comprises phase 0 (Table 2) of an

idealized Lower Permian cyclothem in Kansas (42, p. 51,
52, 83). The channel sandstones are probably stream-

channel or marginal marine deposits (42, p. 82).

RED SHALE
Red shales, phase 1 of the idealized Lower Permian

cyclothem (42, p. 53), have been interpreted either as sub-
aerial deposits on a low-lying coastal plain (28, p. 426; 42,
p. 83-85; 57, p. 16) or as marine deposits laid down as

mud flats in the higher parts of the intertidal zone (56,
p. 150, 157; 6 1 , p. 64, 65). In my opinion, some of the red

shales in the Wreford Megacyclothem may well represent
the former situation, and others the latter.

GREEN SHALE
Phase 2 of the idealized cyclothem consists of green

shale (42, p. 53, 54), deposited probably in very shallow,
nearshore, marine waters which were brackish and of

variable salinity (42, p. 85). Euns (1937, p. 427) sug-

gested that the waters were 0 to 30 feet deep; MCCRONE

(1963, p. 64, 65) thought that they were mostly (low)
intertidal waters.

BLACK SHALE
Black, soft, flaky shale containing carbonized plant re-

mains, but few, if any, animal fossils, occurs very rarely as

local thin beds in the Speiser Shale. This rock type may
result from deposition of muds very rich in carbonaceous

organic materials in turbid, poorly oxygenated, very shal-

low water (6 1 , p. 65, 66).

COAL

Coal occurs rarely within the Speiser Shale as very thin

local beds, probably representing minor, localized accumu-

lations of plant debris under very shallow waters.

ARGILLACEOUS LIMESTONE
Very argillaceous, noncherty limestones, with various

lithologie and paleontologic characteristics, occur irregu-

larly in various parts of the Wreford Megacyclothem, par-

ticularly in the shale sequences. Such limestones seem to

be merely portions of the surrounding rock type with a

much higher calcareous content than usual (42, p. 51).

GRAYISH-YELLOW MUDSTONE
Grayish-yellow mudstone (42, p. 54, 55) represents

phase 3 of an idealized Lower Permian cyclothem. Very

shallow, nearshore, slightly brackish, marine waters were

apparently the environment in which this rock type was

deposited (42, p. 86). ELIAS ( 1937, p.410, 411) suggested

that it was laid down in marine waters as much as 30 to
60 feet deep, but such a depth seems too great in view of

depths of deposition suggested by recent workers for other

rock types of the cyclothems.

INTRAFORMATIONAL BRECCIA
In a few localities (CH18, CH19, CH20) in central

Kansas, the upper part of the Havensville Shale contains

a thin bed of light-gray to light-brown, unfossiliferous, in-

traformational breccia, consisting of flattened, angular peb-

bles of very calcareous mudstone or very argillaceous
limestone, in a matrix of similar character. This rock type
may result from storm waves disturbing the bottom of the
very shallow sea.

MOLLUSCAN LIMESTONE
Much of phase 4 in the cyclothems of the Wreford

Mcgacyclothem consists of molluscan limestone (42, p. 55-
59). In thin sections which 1 have examined, these are
mud- to grain-supported rocks which commonly contain
some intraclasts and rarely a few oolites. Most of the
limestones can be classified as pelecypod-brachiopod sparse
to packed biomicrites (33, 34) or as micritic-skeletal to
skeletal-micritic limestones (60). Rocks similar to the
molluscan limestones have been called pectinoid limestones
(56, p. 146, 147), shelly, algal breccia, and part of Osagia
facies (49, p. 72, 73, 77), and silty Osagia and shelly facies
(58, p. 532-534). The molluscan limestones of the Wre-
ford Megacyclothem represent deposition in marine waters
with some turbulence and slightly brackish to normal ma-
rine salinity (42, p. 86-89). ELIAS (1937, p. 410, 411) be-
lieved that the waters were about 60 to 90 feet deep. I
believe that depths of 10 to 60 feet suggested by more
recent workers for rocks similar to the Wreford molluscan
limestones probably apply to the latter rocks as well.
Rarely, and locally, the molluscan limestone in the lower

part of the Havensville is abnormally thick, as at locality
RY14, and seemingly represents there a small pelecypod-
algal submarine bank.
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ALGAL LIMESTONE
Phase 4 of regressive hemicycles in the Wreford cy-

clothems is commonly represented by algal, rather than
molluscan, limestone (42, p. 72-77). Algally coated biomi-
crites and biosparites, or algal-encrusted skeletal to mi-
critic-skeletal limestones, are the rock types which I ob-
served most often in thin sections of algal limestones. The
rocks commonly contain some intraclasts and oolites and
vary from mud- to grain-supported. Moreover, a few thin
sections could be classified as micrite, oomicrite, and
oosparite (micritic, oolitic-micritic, and oolitic limestone).
Similar rocks have been called osagite limestone (56, p.
146, 147; 61, p. 64-67) and part of Osagia facies (49, p. 72,
77). The algal limestones represent deposition in near-
shore, at least sometimes moderately agitated, shallow
(perhaps as shallow as 0 to 10 feet (61, p. 64), perhaps as
deep as 60 feet (56, p. 154) marine waters of somewhat
greater than normal marine salinity (42, p. 95-97, 99).

ALGAL-MOLLUSCAN LIMESTONE
Phase 4 of regressive hemicycles in the Wreford cyclo-

therns is sometimes represented by algal-molluscan lime-
stone (42, p. 73, 75), most of my thin sections of which
are biomicrites or micritic-skeletal to skeletal-micritic
limestones. These rocks represent a nearshore, brackish,
very shallow, marine environment (42, p. 97-99).

BRACHIOPOD-MOLLUSCAN LIMESTONE
Limestones described by HATTIN (1957, p. 59-61) as

containing fossils characteristic of both molluscan lime-
stones and calcareous shales are here named "brachiopod-
molluscan limestones" for convenience in distinguishing
them from typical molluscan limestones. The majority of
the brachiopod-molluscan limestones which I examined in
thin section can be termed brachiopod-bryozoan-pelecypod
sparse biomicrites or mud-supported micritic-skeletal lime-
stones. They commonly bear some intraclasts and rarely
a few oolites; the rocks locally may be dolomitic, as at
locality CY15. The environment in which brachiopod-
molluscan limestones were deposited was presumably in-
termediate between those in which typical molluscan
limestones and calcareous shales were laid down (42, p.
89).

CALCAREOUS SHALE
Calcareous shale (42, p. 61-63) represents phase 5 of

ELIAS ' ( 1937) idealized Lower Permian cyclothem as ex-
pressed in the Wreford strata. Rocks similar to the calcar-
eous shales are included in the shelly facies and Chonetes
facies of the Beattie Cyclothem (49, p. 72, 77, 78; 58, p.
532, 533) and in the shelly shale-limestone facies of the
Red Eagle Cyclothem (61, p. 64-66). The calcareous
shales were deposited in waters of normal marine salinity,
low turbulence, and shallow to moderate depth (42, p. 90).
ELIAS (1937, p. 410, 411) suggested that depth was about
90 to 110 feet, but I think that it may have been much
closer to 10 to 50 feet depth, as recently suggested by pre-

viously mentioned workers for similar rocks of the Beattie
and Red Eagle Cyclothems. Some workers (49, p. 78; 58,
p. 540; 61, p. 64, 66) have concluded that calcareous shale
was deposited during the deepest part of a cycle of sedi-
mentation, but others (29, p. 110) disagree.

CHERTY LIMESTONE
Phases 6 and possibly 7 of the ideal Lower Permian

cyclothem are represented in the Wreford Megacyclothem
by cherty limestone (42, p. 63-68, 91, 92, 106; 29, p. 110).
In thin sections which I have examined, the rocks are
brachiopod-bryozoan sparse biomicrites or mud- supported
micritic-skeletal limestones, rarely containing a few intra-
clasts; in places, as at locality M503, the limestone is dolo-
mitic. Rocks similar to the cherty limestone of the
Wreford Megacyclothem except for smaller chert content
have been called molluscoid, fusulinid, and echinoderm
limestones (56, p. 147, 148), and bioclastic and fusuline
limestone facies (49, p. 72 , 77); LAPORTE, 1962, p. 525-531;
MCCRONE, 1963, p. 64-66). Cherty limestone was probably
deposited in generally quiet, normal marine waters, possi-
bly during the time of maximum depth achieved by in-
undation by the sea (42, p. 91, 92, 99-104). The depth of
the water in which the rock type was formed may have
been about 10 to 60 feet, as suggested for similar rocks by
recent workers, rather than 110 to 180 feet (28, p. 410,
411). The generally fragmented condition of the fossils
in the cherty limestones may result from activity of scav-
enging or burrowing animals or both, rather than from
highly agitated waters.

CHALKY LIMESTONE
Chalky limestone forms a special part within phase 6

of the Threemile Cyclothem (42, p. 68-72, 94). The rock
type, in my thin sections, is a bryozoan sparse biomicrite
or mud-supported rnicritic-skeletal limestone. IMBRIE,
LAPORTE & MERRIAM (1959, p. 72, 77) suggested that the
Wreford chalky limestones might be analogous to the
Beattie Anchicodium facies in some respects. I agree with
the interpretation by HATTIN (personal communication,
1963) of the chalky limestone as a group of submarine
carbonate-mud banks, distributed irregularly over a large
area of and rising somewhat above the shallow sea floor
(water depth perhaps as little as 10 feet, perhaps as much
as 60 feet) and stabilized by plants (probably algae) or
possibly bryozoans. Locally and temporarily the banks
may have possessed significant resistance to wave action,
but probably usually did not. Similar banks cover much of
Florida Bay today (37, p. 2392-2395; 39, p. 313, 314), and
have been reported from other places in the geologic record
(40, 59, 65).

RED RESIDUAL CLAY
Rarely, local thin beds of dusky-red, noncalcareous,

silty, blocky clay occur within the chalky limestone. The
red clays are apparently residual clays formed by solution
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of the chalky limestone, and may have been formed
during temporary subaerial exposure of the carbonate-mud
banks, or in very recent times by the action of ground
water.

WREFORD MEGACYCLOTHEM
HArriN (1957, p. 24 -50) has described in adequate

detail the stratigraphie units composing the Wreford
Megacyclothem, which includes strata from the mid-
dle of the Speiser Shale up to the middle of the Wy-
more Shale Member of the Matfield Formation. Using
about 100 published and unpublished sections meas-
ured by HArrn.; and re-examined by me, plus about
150 additional sections from which I collected bryo-
zoans, I have constructed a generalized cross-section
of the Wreford Megacyclothem in Kansas (Fig. 2) in
order to show geographic and stratigraphie distribu-
tions of the various rock types in the megacyclothem.

For the purposes of this paper, each of the strati-
graphic units can be divided informally into lower,
middle, and upper parts. The Speiser Shale, Havens-
ville Shale Member of the Wreford Limestone, and
Wvmore Shale Member of the Matfield Formation
are here divided by considering rock strata which
represent supposed maximum regression of the sea
during their deposition as the middle part of each.
The Threemile and Schroyer Limestone Members of
the Wreford Limestone are divided by considering as
the middle part of each the widespread and persistent
calcareous shale found a short distance above the base.

The lower part of the Speiser Shale consisting of
grayish-yellow mudstone and green shale is not in-
cluded, therefore, in the Wreford Megacyclothem. In
some places red shale rests directly on the Funston
Limestone. The middle Speiser is predominantly red
shale, but includes some green shale, channel sand-
stone, and channel conglomerate. The upper Speiser
begins with the first unit above the highest locally
persistent Speiser red shale and consists mostly of
green shale, grayish-yellow mudstone, molluscan lime-
stone, brachiopod-molluscan limestone, and calcareous
shale.

The lower part of the Threemile Limestone Mem-
ber of the Wreford Limestone is almost entirely cherty
limestone and the middle Threemile is calcareous
shale. The upper Threemile, a much more complex
unit than either the lower or middle parts of the mem-
ber, contains cherty, chalky, algal, and algal-molluscan
limestones.

The lower part of the Havensville Shale Member
consists of calcareous shale and molluscan and brachio-
pod-molluscan limestones. The middle Havensville,
composed mostly of grayish-yellow mudstone and
some calcareous shale, represents the presumed maxi-
mum regression of the sea during Havensville time.
The regression was not as pronounced, however, as
those which occurred during middle Speiser and mid-
dle Wymore time and caused the deposition of red
shales in the latter units (42, p. 86). The upper
Havensville includes molluscan, brachiopod-mollus-
can, algal, and algal-molluscan limestones and calcare-
ous shale.

The lower part of the Schroyer Limestone Mem-
ber is mostly cherty limestone. The middle Schroyer
consists in large part of calcareous shale, but includes
some argillaceous and cherty limestones. The upper
Schroyer contains algal and algal-molluscan lime-
stones.

The lower part of the Wymore Shale Member of
the Matfield Formation is dominantly green shale in
Kansas. The middle Wymore is dominantly red shale
and comprises the youngest strata of the Wreford
Megacyclot hem. The upper Wymore, beginning
above the highest locally persistent red shale in the
Wymore, consists of green shale and grayish-yellow
mudstone.

The relationship of the rocks here classed as lower
and middle Havensville to the rocks of the upper
Threemile is uncertain. The greatly thickened chalky
limestones may be lateral equivalents of the lower and
middle Havensville or deposited at the same time
(42, p. 93). A similar situation has been described for
the Plattsburg Limestone (40, p. 322). It seems some-
what more likely that the lower and middle Havens-
ville rocks were laid down between the chalky lime-
stone banks after the latter had completed their
growth (42, p. 93, 94). Finally, the algal and algal-
molluscan limestones of the uppermost Threemile
southern Kansas are possibly nearer-shore facies of the
same age as the lower and part of the middle Havens-
ville rocks. The transitional nature of the contacts
between successive rock types from the upper Three-
mile cherty limestone up into the middle Havensville
grayish-yellow .mudstone in many exposures in
northern Kansas implies that these rocks represent
essentially continucms sedimentation in t he area. Be-
cause precisely the same cherty limestone and grayish-
yellow mudstone bracket stratigraphically the algal
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FiGuRE 2. Compoiite generalized north-south cross section of Wreford Megacyclothern in Kansas showing occurrences (black circles) ni
Tabulipora (arbonaria.

and algal-molluscan limestones in southern Kansas,
the last-mentioned rocks seemingly must have been
deposited at the same time as at least part of the lower
and middle Havensville continuous sedimentary se-
quence farther north.

Throughout the remainder of this paper, I will use
the word "Wreford" alone to mean rocks or fossils of
the Wreford Megacyclothem rather than of only the
Wreford Limestone.

ZOARIAL GROWTH FORMS AMONG BRYOZOANS
IN WREFORD MEGACYCLOTHEM OF KANSAS

On cursory examination, bryozoans in the Wreford
Megacyclothem of Kansas have colonies which differ in
gross shape and manner of construction. More detailed
examination of many zoaria having essentially similar
shape reveals that they have been built by several different
species. The detailed work necessary to describe ade-
quately each species will not be completed until some fu-
ture date; we may consider now information obtained

from examination of the colony shapes of Wreford bryo-
zoans.

The gross shape of the bryozoan colony or zoarium has
been termed its zoarial growth form. STACH (1935, 1936,
1937) first noted that zoarial growth forms displayed by
cheilostorne bryozoans were in part influenced by environ-
mental conditions. Other workers, such as CHEETHANI

(1963), have utilized STACH ' S observations to make infer-
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ences concerning the depositional environments of Ceno-

zoic rocks containing cheilostome remains. A few students

(28, p. 418, 419; 5, p. 8; 83, p. 14-16) have applied the

names and palcoecologic implications of the cheilostome

zoarial growth forms to Paleozoic bryozoans.

Cheilostome bryozoan species can be separated into

two groups according to whether or not members of a
given species can modify their zoarial growth form to suit

the environment in which they are living (96). One

group, the so-called stable group, includes species in which
zoarial growth form is constant and entirely determined
genetically; two colonies of such a species have the same
zoarial form regardless of whether they are growing in

similar or different environments. The other group,
termed unstable, consists of species in which the growth
form is environmentally determined and inconstant, al-
though of course ultimately under genetic control; two
colonies of such a species have similar zoarial growth
forms if they grow in similar environments but display

different forms if they grow in different environments.
Environmental conditions therefore determine the zoarial

forms displayed by a community of cheilostomes by pre-

venting or allowing stable species to grow and by causing

all members of unstable species to assume a particular

growth form. The degree of water agitation, which is

roughly correlated with depth, is the most important en-

vironmental factor influencing the zoaria of cheilostomes.

Similar control of colony form by environment has also
been noted in living corals.

Paleontologists can use the zoarial growth form com-
position of a fossil cheilostome assemblage to obtain infor-
mation regarding the environmental conditions under
which that assemblage lived, provided they assume that
the faunal composition of the assemblage has not been
excessively changed by sedimentary and preservational
processes. If we assume that Paleozoic bryozoans which
display a zoarial growth form superficially similar to that
of some modern cheilostomes lived under environmental
conditions like those under which cheilostomes live, we
can also make palcoecologic inferences by using the
growth forms of noncheilostomatous bryozoans; this has
been done by ELIAS (1937, p. 418, 419), and l'Hutv &

1111
)(mostly impure argilloceOus limeStone-
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HOROWITZ (1963, p. 14-16). However, because of the large
chronologie and evolutionary separation of Paleozoic bryo-
zoans from living cheilostomes, such an assumption as the
foregoing workers have made seems to me to be poten-
tially unsound unless independent evidence confirming it
can be found.

At least three different approaches could be used to
determine the paleoecologic implications of particular
zoarial growth forms. First, if members of the group of
bryozoans in question are extant, they could be grown in
the laboratory under carefully controlled conditions and
the combinations of conditions that resulted in particular
zoarial growth forms could be noted. Second, if the group
is still living, many of its specimens could be collected
from a wide variety of modern marine environments and
the zoarial forms characteristic of particular environments
could be observed. Third, if the group has fossil repre-
sentatives, many specimens of it could be obtained from a
wide variety of rock types and the zoarial growth forms
typical of different depositional environments, as inferred
from combined stratigraphie, petrographic, and broad
paleontologic studies of those rock types, could be noted.

In considering the paleoecology of extinct bryozoans
like the vast majority of Paleozoic forms, only the third
approach is available. This could be used successfully only
if the rock types containing, the bryozoans have been
studied intensively. The Wreford Megacyclothem has
been studied sufficiently that a preliminary attempt can be
made to determine the paleoecologic ranges of the zoarial
growth forms assumed by Paleozoic bryozoans. Because
most Wreford bryozoan species are not yet adequately
known, only the zoarial growth form aspect of the bryo-
zoan fauna taken as a whole will be considered. However,
the zoarial growth forms assumed by each species within
the Wreford bryozoan fauna should be carefully noted
when the species are studied individually.

Eight distinct zoarial growth forms can be recognized
among the Wreford bryozoans. Although the zoarial
forms coincide in part with taxonomic groupings, they
cut across taxonomic boundaries to such an extent that
they can be considered separately.

Encrusting threadlike zoaria (indicated by ETL) con-
sist of tiny, delicate calcareous threads forming an open
network up to 20 mm. in diameter and adhering to cal-
careous remains of pelecypods, brachiopods, or crinoids.
These zoaria are mostly various ctenostome species, pos-
sibly assignable to Condranema, Ropalonaria, and Vine/la,
but possibly including some tubuloporine cyclostomes.

Encrusting sheetlike zoaria (abbreviated as ESL) are
thin (1 or 2 mm. thick), continuous sheets possessing
zooecial apertures opening on only one surface, as much
as 15 to 20 mm. in longest dimension, and most commonly
adhering to pelecypod or brachiopod shells. Some of these
zoaria, however, are not now obviously attached to any
object, but from their somewhat irregular form are pre-

sumed to have encrusted materials, perhaps algal fronds,
which have not been fossilized. The majority of these
zoaria belong to various fistuliporid cyclostomes, possibly
Fistulipora, Cyclotrypa, or Eridopora. Some of the en-
crusting sheetlikc zoaria from the Wreford belong to the
trepostomes Tabulipora and Leioclema and to rhombo-
porid cryptostomes, probably Rhombopora.

Bifoliate zoaria (symbolized as BIF) are found as
thin (1 or 2 mm. thick), flat, tabular fragments as much
as 20 mm. in longest dimension and having zooecial aper-
tures that open on both surfaces. Each fragment probably
comes from a colony consisting of a clump of bifurcating,
ribbon-like branches (71, pl. 40, fig. 1). These zoaria be-
long to the cyclostome Meekopora.

Robust branching zoaria (indicated by RBR) consist
of cylindrical, bifurcating branches, ranging from 3 to 15
mm. in branch diameter and 5 to 60 mm. (or rarely more)
in total zoarial length or height. The trepostome Tabuli-
pora carbonaria comprises most of the zoaria of this form
collected from the Wreford, but some are fistuliporid
cyclostomes.

Delicate branching zoaria (symbolized as DBR) are
much smaller colonies that are composed of cylindrical,
commonly bifurcating branches. They range in branch
diameter from 0.5 to 2 mm., and from 3 mm. to generally
no more than 10 or 15 mm. in total colony length or
height. This category of growth forms includes as a mat-
ter of convenience some zoaria which encrust productid
brachiopod spines and some zoaria which are tiny, narrow
biofoliate colonies; however, all forms included in this
category fall within the same range of size, proportions,
and presumed zoarial durability. The Wreford delicate
branching zoaria belong to a number of bryozoan taxa.
The majority are rhomboporid cryptostomes, possibly in-
cluding Rhombopora, Rhabdomeson, Megacanthopora,
Streblotrypa, and Sagordotaxis. Some arthrostylid, ptilo-
dictyid, and rhinidictyid cryptostomes may also be repre-
sented among them. A moderate number of the delicate
branching zoaria from the Wreford strata belong to the
trepostome Lei oclema.

Robust pinnate zoaria (abbreviated as RP1) in the
accompanying figures and tables, consist of a central
stem about 1 mm. in diameter, from which arise numerous
short, oblique side branches, so that the zoarium as a
whole is 3 to 4 mm. wide. These zoaria are generally
about 10 mm. long (high). They apparently belong to the
cryptostome Acanthocladia.

Delicate pinnate zoaria (symbolized as DPI) closely
resemble the immediately preceding zoarial growth form
except that the central stem is only 0.25 to 0.5 mm. in
diameter and width of the zoarium is only about 1 mm.
These zoaria apparently belong to the cryptostome Pen-
niretepora.

Fenestrate zoaria (abbreviated as FEN) are found as
thin, fiat to undulating, trellis-like or lacelike sheets, as
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much as 30 min. in longest dimension. These zoaria be-
long to various fenestellid cryptostomes, probably includ-
ing Fenestella, Polypora, and Thamniscus, and to the
acanthocladiid cryptostome Sepropora.

Numerous borings and excavations are seen in the cal-
careous remains of mollusks, brachiopods, and echino-
derms in the Wreford Megacyclothem. Some of these
borings have in the past been referred doubtfully to cteno-
stome bryozoans (16). Because of uncertainties regarding
their zoologie affinities, I have not included such borings
in this study of bryozoan zoarial growth forms.

The various cheilostome zoarial growth forms have
received names derived from genera displaying the growth
forms. If desired, similar names could be introduced for
the Wreford zoarial growth forms; thus, encrusting
threadlike zoaria could be termed vinelliform, encrusting
sheetlike zoaria fistuliporiform, bifoliate zoaria meekopori-
form, robust branching zoaria tabuliporiform, delicate
branching zoaria rhomboporiform, robust pinnate zoaria
acanthocladiiform, delicate pinnate zoaria pennireteperi-
form, and fenestrate zoaria fenestelliform. However, such
names are unnecessarily complex and should not be used
unless further work indicates need for them.

In order to study the zoarial growth forms assumed by
the Wreford bryozoans, I collected from each horizon and
rock type of the megacyclothem at several localities which
are approximately evenly spaced along the Wreford out-
crop. The number of sampled localities for particular
horizons and rock types depended upon the geographic
extent of the units; for example, I collected 60 samples
from the geographically widespread calcareous shale in the
uppermost part of the Speiser Shale but only 2 samples
f ruin the geographically limited channel conglomerates in
the middle Speiser. In collecting bryozoans from well-
indurated rock types, generally limestones, I examined
large areas of exposed surfaces, both parallel and perpen-
dicular to bedding planes; thus, the samples represent a
volume of rock possessing a very large surface area but
only a very small depth into the outcrop. From shales, I
collected about one liter of fresh rock, disaggregated it by
standard kerosene treatment, sieved it, and picked a ran-
dom sample of bryozoans from it for about 10 to 20 min-
utes. These samples represent a volume of rock which was
much more equidimensional than but approximately
comparable to the limestone samples. Only fresh shale, the
fossil content of which was not altered by weathering, was
used in studying the proportions of zoarial forms; Table
3 indicates how erroneous a picture of the relative impor-
tance of the various growth forms can result from picking
up weathered out specimens on the exposed surface of a
shale unit instead of collecting a bulk sample of the fresh
shale. Finally. I sorted the bryozoan zoarial fragments
from each sample into groups in accord with their zoarial
growth forms, counted the number of fragments in each
group, and then divided that number by the total number

TABLE 3. Comparison of Collecting Techniques Used in
Determining Relative Importance (percent of total
bryozoan fauna) of Zoarial Growth Forms in Shales

of Wre ford Megacyclothem.

Locality MS06, calcareous shale in upper Havensville

Sample of fresh rock,	 Bryozoans picked up
Zoarial
	

kerosened, sieved, and weathering out of shale on
Growth
	

picked for bryozoans	 exposed surface of outcrop
Forms	 ( percent)	 I percent)

ETL
ESL
	

tr	 4
131F
RBI(
	 tr	 69

1 iliR
	

21
16	 0

1)1'1
	

10	 0
FEN
	

64	 6

99+	 100
Total number of bryozoan zoarial fragments collected

220	 67

of zoarial fragments picked from the sample in order to
obtain the percent of the total bryozoan fauna of that
sample which each zoarial form comprises. In recording
this last information, I used 0 percent to indicate forms
which were absent, and tr (trace) to indicate forms present
but making up less than U.S percent of the bryozoan fauna.
The total number of samples analyzed in this way ex-
ceeded 600 and included approximately 16,000 bryozoan
zoarial fragments.

Choosing a method to represent the relative abun-
dances of the various growth forms posed problems.
Merely recording whether a particular form is absent, rare,
common, or abundant is only a qualitative representation
of abundance and imparts little information. Using the
total number of zoarial fragments collected, or the number
of fragments in a unit weight or volume of fresh rock or
of fossil debris residue is also unsatisfactory because these
numbers depend upon at least four independent factors.
The factors are 1) total biomass produced by each zoarial
growth form (which is what we are trying to express),
2) rate of sedimentation, 3) degree to which the rock was
broken down under treatment for extraction of its bryo-
zoans, and 4) length of time spent collecting or picking
bryozoans from the sample. However, percent of the
bryozoan fauna of a particular sample which each zoarial
growth form comprises is determined mostly by the first-
mentioned factor, and therefore seems the most suitable
measurement for the purposes of this study.

For each rock type at each Wreford horizon, I plotted
the percent of sample which each zoarial form represented,
proceeding from north to south across Kansas. The re-
sults were sets of eight, greatly and irregularly fluctuating
lines that displayed no obvious pattern of variation, al-
though possibly use of factor-analysis techniques might
have detected a pattern; moreover, the lines showed no
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FIGURE 3. Wreford localities in northern Kansas (separately numbered in counties).

differences between northern and southern Kansas insofar
as relative proportions of zoarial forms of the bryozoan
fauna as a whole were concerned. Consequently, for each
zoarial growth form in each horizon and rock type, I
tabulated percentages of the bryozoan fauna which given
forms comprised in each sample and computed the arith-
metic mean, which hereinafter is termed the "average

percent" for a particular zoarial growth form in the rock
type and horizon in question, and standard deviation of
these percentages by using a CDC-3600 computer and
program given in Appendix O.

Table 4 presents relative abundance in terms of aver-
age percent of each zoarial growth form in each rock type
at each horizon in the Wreford Megacyclothem. Vertical
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columns of the table indicate variations in relative abun-
dance of a particular zoarial growth form. Horizontal
rows indicate relative abundances of the eight growth
forms in a particular rock type at a particular horizon
within the megacyclothem.

Because of the different geographic distributions of the
various rock types at any one horizon within the mega-

cyclothem (Fig. 2), generalized, composite, stratigraphie
sections appear dissimilar in different areas of Kansas.
Figures 3-10 present the most distinctive such sections,
with average percent for each zoarial growth form (modi-
fied somewhat from Table 4 to express local peculiarities
among the bryozoans collected) plotted opposite the par-
ticular horizon and rock type. Thus, relative abundances
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of the bryozoan zoarial growth forms in the various units
of the Wreford Megacyclothem in different parts of Kan-
sas are readily apparent.

Several conclusions can be drawn from the data pre-
sented.

1) Delicate branching (DBR), robust pinnate (RPI),
and fenestrate (FEN) zoarial growth forms strongly
dominate the bryozoan faunas throughout the megacyclo-
them.

2) All of the observed bryozoan growth forms are
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to the growth forms.]

most abundant in those rock types and stratigraphie units
which represent presumed maximum transgression of the
sea during a cycle of sedimentation. The bryozoans es-
pecially thrived in environmental conditions that prevailed
during deposition of calcareous shales and cherty lime-
stones.

3) The dominant zoarial growth forms are found
sparingly in strata nearer presumed maximum regression
of the sea and abundantly in those nearer presumed maxi-
mum transgression, whereas less common zoarial growth
forms are seen only in the latter rocks. Thus, we can
distinguish two paleoecologic bryozoan associations, one
consisting of DBR, RBI, and FEN zoarial growth forms
living under the more extreme ecologic conditions asso-
ciated with retreat of the sea, and another consisting of all
eight zoarial forms living under the more nearly normal
marine conditions that prevailed during maximum trans-
gression of the sea.

4) Bryozoans possessing delicate branching and fenes-
trate zoarial growth forms become progressively more
abundant, and those possessing robust pinnate zoarial
forms less abundant, in successively higher beds in the
calcareous shale in the uppermost part of the Speiser. This
replacement of RP' zoaria by DMZ and FEN zoaria paral-
lels environmental changes which occurred in going from
conditions in which molluscan limestone was deposited,
through those in which calcareous shale resulted, to those
in which cherty limestone was formed. Therefore, this
replacement probably resulted more from adjustment of
the bryozoan fauna to slow physical changes of environ-
ment, that is, antigenic succession of biotic communities

DANSEREAU, 1957, p. 163), than from faunal changes
caused by the organisms themselves, that is, autogenic
succession.

5) Finally, bryozoans are distributed throughout most
of the thickness of the Wreford in n(irthem Kansas,
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FIGURE 7. Abundance of bryozoan zoarial growth forms in Wreford Megacyclothern observed in Geary, Wabaunsee, Morris, am Lyon
Counties, Kansas. [Explanation as given for Figure 6.]

but through only about half of the total thickness of the
megacyclothem in southernmost Kansas. This situation is
consistent with the fact that the latter area was consider-
ably closer to the tectonically positive land areas to the
south than the former; the megacyclothem thus contains a
larger proportion of strata representing conditions other
than normal marine waters in its more southern area of
outcrop.

We can group together all samples collected from a
particular rock type in the Wreford, tabulate the percent-
ages of total bryozoan fauna samples calculated for each
zoarial growth form, and compute an average percentage
for each zoarial form in that rock type. Table 5 presents
the average percentages of the eight zoarial growth forms
in the rock types found in the Wreford. We can also con-
struct an idealized cyclothem like those which make up
the Wreford Megacyclothem, and plot these average per-
centages opposite each rock type (Fig. 11); thus, we can

see readily how the bryozoan faunas changed during the
course of a single cycle of sedimentation.

Table 5 and Figure 11 confirm the first three conclu-
sions drawn from consideration of abundances of the dif-
ferent zoarial growth forms in each horizon and rock type.
In addition, two other inferences can be made from the
new data. 1) Robust pinnate zoaria show a striking de-
crease in relative importance in cherty and chalky lime-
stones that were deposited in the middle of the cycle of
sedimentation, whereas delicate branching and fenestrate
zoarial growth forms are comparatively abundant through-
out a cycle. 2) Maximum development of bryozoans ap-
parently occurs in the calcareous shale units of the ideal
cyclothem. The average percent for each zoarial growth
form is high in calcareous shale; moreover, calcareous
shale is the only rock type which contains all eight of the
zoarial forms. This conclusion differs somewhat from that
of ELIAS (1937, p. 419) and HATTIN (1957, p. 106), who
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thought that bryozoans reached their greatest importance
in the cherty limestones.

Of the bryozoan-bearing rock types in the megacy-
clothem, all except red shale yielded a few or more speci-
mens at each of several or more localities. Only two worn
and fragmentary specimens, found at one locality, consti-
tute the known bryozoan fauna of the red shales of the
Wreford; whether these specimens represent bryozoans
living in the area of red-shale deposition, or living else-
where and washed into that area, or washed out of earlier
deposits and redeposited there, is uncertain.

As indicated previously in discussing environmental
significance of the rock types that comprise the Wreford
Megacyclothem, four of the environmental conditions—
depth of water, distance from shore, degree of agitation of
water, and salinity of water—that prevailed when given
rock types were being formed can be estimated. None of
the estimates can be regarded as more than very tentative.
However, let us assume for the moment that they at least
represent correct orders of magnitude, then group together
rock types which represent approximately similar environ-
mental conditions and calculate for each group an average
percentage for each bryozoan zoarial growth form. Fig-

ures 12 and 13 present graphically these average per-
centages.

The most obvious implication of the data presented in
these figures is that all of the bryozoan zoarial growth
forms seemingly flourished most in waters which were,
within the range of environments represented in the
Wreford, comparatively deep, far offshore, quiet, and of
normal marine salinity. Although the preference of fossil
bryozoans for such environmental conditions is commonly
assumed a priori, this study tends to confirm the validity
of that assumption. Inspection of Figures 12 and 13 also
suggests that these late Paleozoic bryozoans as a group,
particularly those having delicate branching, robust pin-
nate, and fenestrate zoarial growth forms, had compara-
tively wide ecologic tolerances, because they occur through-
out much of the range of environments represented by the
rock types of the Wreford. However, some of the bryo-
zoans, like bifoliate and delicate pinnate zoarial forms,
had much more restricted ecologic ranges.

Comparison of the Wreford zoarial forms with growth
forms recognized among modern cheilostomes (STActi,
1936, 1937) is interesting. Some of the cheilostome zoarial
forms—cellariiform, catenicelliform, flustriform, and lunu-
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FICURE 9. .•n bundanee of bryozoan zoarial growth forms in Wrctord Mcgacyclothcm as observed as northern Cowley County, Kansas.

[Explanation as given for Figure 6.1

litiform—have no counterparts among Wreford bryo-
zoans; these four forms today live in comparatively agi-
tated waters. The Permian encrusting threadlike zoaria
correspond to modern ctenostomes, which were not in-
cluded in studies of Cenozoic zoarial growth forms. The
Wreford encrusting sheetlike zoaria resemble modern
membraniporiform and petraliiform cheilostomes. The
latter are found today in both shallow, agitated, and deep,
quiet waters; the former through most of the range of
environmental conditions inferred for the Wreford rocks
(Fig. 12, 13). Permian specimens having bifoliate zoarial
growth forms closely resemble the cheilostome eschari-
form zoaria, which inhabit deeper, quieter water; the
Permian forms also are found only in rock types that are
inferred to have been deposited in deeper, quieter water.

The robust branching, delicate branching, robust pin-
nate, and delicate pinnate zoaria from the Wreford corre-
spond somewhat to the Recent vinculariiform zoaria,
which today live only in quiet waters. Of the four
Permian forms, only delicate branching forms are morpho-

logically closely analogous to the vinculariiform cheilo-
stomes. The delicate branching and robust pinnate zoaria
are found in both more turbulent and quieter Wreford
environments, but whether or not the entire range of
turbulence manifested by the Wreford rocks can be in-
cluded within the range of tolerance of living vinculari-
iform bryozoans is not known; therefore, comparison of
the ecologic ranges of the Permian and Recent forms in
our present state of knowledge is hazardous. The delicate
pinnate bryozoans of the Wreford seemingly were re-
stricted to quieter, deeper water, and thus apparently had
ecologic preferences that were similar to those of modern
vinculariiform bryozoans. The Wreford robust branching
zoaria more closely resemble living but little-studied
cerioporine cyclostomes and at least superficially the large,
ramose schizoporellid cheilostomes which are found
flourishing in shelf lagoons of the present Great Bahama
Bank (78, p. 215, 221, 222, 224) and of the Pleistocene in
Florida (44), than they do vinculariiform cheilostomes.
The Permian robust and delicate pinnate zoarial growth
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FRil'RE I O. Abundance of bryozoan zoarial growth forms in Wreford Megacyclothem as observed in southern Cowley County. Kansas.

f Explanation as given for Figure 61

brins limy not have any Recent analogues, if future work

should indicate that they do not really correspond to Re-

cent Ninculariiform zoaria.

Fenestrate zoaria, which superficially resemble Recent

reteporiform cheilostomes, are found throughout most of

he range of environments represented by the Wreford

rock types but seem more abundant in quieter, deeper

situations. Reteporiform cheilostomes, by contrast, are

found today mostly in more agitated waters. Thus, al-

though the ecologic ranges of fenestrates and reteporiforms

may overlap in part, they apparently do not coincide pre-

cisely.

This comparison of Permian and Recent bryozoan

zoarial growth forms indicates that some Permian bryo-

zoans assumed zoarial growth forms like some of those

exhibited by modern cheilostome bryozoans. The ecologic

ranges of some of the Permian forms seem to resemble

closely those of their Recent cheilostome analogues; ex-

amples of this kind are the Permian bifoliate meekopori-

form) and Recent eschariform zoarial growth forms,

which both are characteristic of deeper, quieter waters.

Other Permian forms seem to have different ecologic

preferences from their Recent analogues; examples of this

type are the Permian fenestrate zoaria, which flourished

in apparently quiet as well as somewhat agitated waters,

and Recent reteporiform zoaria, which are characteristic

of more agitated waters. Consequently, caution must be

exercised in applying the ecologic ranges of living organ-
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FIGURE Il. Abundance of bryozoan growth forms plotted as average percent in an idealized Wreford cyclothcm and (at right) recal ulatcd

on basis of considering all growth forms at each horizon equal to 100 percent. [Explanation as given for Figure 6.]

isms to extinct, distantly related organisms in order to
make paleoecologic inferences concerning the environ-
ments in which the latter lived.

The study of Paleozoic bryozoan zoarial growth forms
can be extended in several ways by future work. First,
this study dealt with the gross aspect of the Wreford
bryozoan fauna. Future work should be done at lower
taxonomic levels in order to elucidate the zoarial growth

forms exhibited by different conspecitic colonies; then,
species having constant (stable) zoarial forms can be dis-
tinguished from species having variable (unstable) zoarial
forms, and the environmental factors determining what
forms were assumed by the latter species can possibly be
indicated.

Second, the rock types found in the Wreford Mega-
cyclothem in Kansas represent only a comparatively lim-
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A

ited range of environmental conditions; the terrigenous
rocks are mostly mudstones or shales, and the limestones
are mostly indurated lime muds (micrites). Future stud-
ies should include bryozoans which lived in more diverse
depositional environments, such as the back-reef lagoons,
barrier reefs, and deep basins so well developed in Permian
time in western Texas and New Mexico.

Third, the paleoenvironmental Miplications ol specific
rock types are at present only tentative; much future. work

should attempt to render those implications more precise
and more reliable. Fourth, the environmental factors in-
fluencing the development of the various growth forms
among living bryozoans, both cheilostomes and cyclo-
stomes, are little-known at present but could be intensively
and profitably studied.

Finally, the extent to which bryozoan zoarial growth
forms themselves can be used as paleoecologic indicators is
uncertain but merits investigation.

TECHNOLOGICAL ASPECTS OF STUDY OF
WREFORD TABULIPORA CARBONARIA

Before discussing the results of my intensive study of
the bryozoan species Tabulipora carbonaria in the Wre-
ford Megacyclothem in Kansas, I shall describe the more
important techniques used in the study. Some of the
techniques may not be widely known; however, they are
potentially applicable to the study of other fossil groups,

particularly of colonial organisms, in addition to bryo-
zoans. I include here also some interesting points which
do not fit well elsewhere in this paper.

Zoarial fragments of the large, ramose trepostome
Tabulipom carbonaria are, where present, conspicuous fos-
sils in Wreford outcrops. Because of large size of these
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FIGURE 13. Abundance of bryozoan zoarial growth forms in groups of Wreford rock types believed to represent deposition (A) under
different degrees of water agitation and (B) in waters of different salinities.

specimens compared with the other Wreford bryozoans, a
paleontologist tends to notice T. carbonaria zoaria prefer-
entially, both when they are still embedded in the rock
matrix and after they have weathered out loose on the
surface of exposure. Also, because of their great durability
compared with other bryozoans, weathering proCesses tend
to concentrate specimens of T. carbonaria on the surfaces
of beds in which they are present. These tendencies cause
samples of bryozoans collected from Wreford rocks which
contain T. carbonaria to have misleading large proportions
of robust branching zoaria (Table 3) unless—as was done
for all samples used in the previously described study of
zoarial growth forms—attempts are made to counteract
those tendencies. However, these tendencies also combine
to make T. carbonaria the best-collected of the Wreford

bryozoan species; my T. carbonaria specimens probably
comprise a greater proportion of the total species popu-
lation, and represent a larger share of the stratigraphie
horizons and rock types in which the species occurs, than
do my specimens of any other Wreford bryozoan species.
Consequently, T. carbonaria is probably the Wreford spe-
cies that is most suited for intensive study.

In order to collect specimens of Tabulipora carbonaria
from the Wreford, I visited about 250 outcrops exposing
those rocks, examined carefully several thousand extensive
exposed surfaces of individual beds, and processed approxi-
mately 1,000 rock samples weighing in total about 1.5
tons. Shale samples were broken down by soaking in
kerosene and then in water; the resulting mud was washed
through US no. 10-, 20-, 50-, and 100-mesh sieves. The
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residues were dried, bryozoans were picked from them,

and zoaria—regardless of growth form—which possibly

belonged to T. carbonaria were set aside for further study.

Limestone samples were picked directly for possible T.
carbonaria specimens. Also, some limestone samples were

dissolved in dilute hydrochloric acid and others were ex-

tensively thin-sectioned; neither procedure yielded any

additional trepostome bryozoans. Ultimately, nearly 600

zoarial fragments from the Wreford Megacyclothem were

assigned to T. carbonaria.
Most of the Wreford zoaria eventually identified as

Tabulipora carbonaria are preserved as calcite which, be-

cause original calcareous tissue microstructures arc readily

visible in it and because living bryozoans build calcite

rather than aragonite skeletons (47, p. 410), is presumably

the original skeletal material of the zoarium. Parts of

some of the calcified zoaria are recrystallized to sparry

calcite. Some of the Wreford specimens are silicified; the

silica is chalcedony in radiating aggregates which generally

have obliterated the original zooecial wall microstructures

but commonly permit recognition and even measurements

of gross features of the zooecia. Finally, specimens of T.
carbonaria very rarely are found as molds or impressions

of the zoarial surface in well-indurated fragments of cal-

careous shale.

I prepared thin sections or cellulose acetate sections

from almost all Wreford specimens of Tabulipora car-
bonaria. In addition to making standard thin sections

(about OAf mm. thick), I made some very thin thin sec-

tions, both by smearing dilute hydrochloric acid on a

standard thin section after the fine-grinding stage (30, p.

24) and by continuing fine-grinding very carefully until

an extremely thin thin section resulted. Although such

extremely thin thin sections are potentially useful in bryo-

zoan studies, those which 1 made from T. carbonaria
specimens showed few morphologic features that were not

visible in thin sections of standard thickness. To save

time. I made cellulose acetate sections, by the procedure

outlined by BOARDMAN & UTGAARD (1964, p. 768, 769),

from many of the Wreford zoaria; I found that cellulose

acetate sections could be made at least three times faster

than standard thin sections. Cellulose acetate sections

made from calcite zoaria immersed in dilute hydrochloric

acid after fine-grinding show all of the details visible in an

ordinary thin section, except for finest details of zooecial

wall microstructure. Cellulose acetate sections made from

chalcedony zoaria immersed in dilute hydrofluoric acid

after fine-grading, like thin sections of such zoaria, show

only gross characteristics of the zooecia.

Examination of bryozoan thin sections and cellulose

acetate sections was done mainly using unpolarized light

and magnifications of X10 to X50. However, for study

of zooecial wall microstructures displayed in both very

thin and standard thin sections, a petrographic microscope

proved invaluable because it permitted examination of the

sections under both plane-polarized light and crossed

nicols and at magnifications of X100, X200, and X450.

Most morphological terms used in this study of Tabu-
pora carbonaria are defined by BASSLER ( 1953, p. G7-

G16) but include some given by BOARDMAN ( 1960, p. 21-

23) and HYMAN ( 1959, p. 275-434).

A major clement in the study of bryozoans consists of

obtaining various kinds of numerical data, both quanti-

tative (measurements) and meristic (counts) (62, p. 148),

from the specimens ( UTGAARD & PERRY, 1964, p. 40, 41).

Using two stage micrometers, one a scale 2 mm. long

ruled in divisions of 0.01 mm. and the other a square 1

mm. on a side, and magnification of X50, I made at least

a few measurements and counts on each of the Wreford

Tabulipora carbonaria zoaria sectioned, and many on

some of the zoaria. The total number of measurements

and counts made on the nearly 600 Wreford T. carbonaria
specimens approximated 50,000.

Each of the 22 numerical morphological characters

used in analyzing the Wreford specimens of Tabu& pora
carbonaria is defined and discussed in following para-

graphs and illustrated in Figure 14. Such discussions not

only indicate precisely what the measurements and counts

used in this study mean but also contribute toward stand-

ardizing numerical data obtained by future bryozoan

workers. This last goal is particularly important because

progress toward it will make possible application of com-

puter-based numerical taxonomic techniques (SoKAL &

SNEATII, 1963) to classification of fossil bryozoans. Nu-

merical characters which I measured somewhat differently

from other recent workers are indicated. Because each of

the numerical morphological characters is mentioned fre-

quently throughout this paper, each is designated for con-

venience by a code symbol by which future reference to

that character will be made. As pointed out later in dis-

cussing the morphology of T. carbonaria, numerical data

from tangential sections cannot differentiate consistently

between monticular and intermonticular areas; therefore,

the morphologic characteristics measured in tangential

sections are defined here without reference to the two dif-

ferent kinds of areas.

The quantity Z 1 is the number of zooecial apertures

contained within a I 11 m. 2 area in tangential section; Z1

is recorded as an integer. Zooecial apertures falling en-

tirely within the 1 mm. square used to outline the area are

counted as Fs, as are those more than half of whose area

falls within the square; apertures less than half of whose

area lies within the square are counted as O's. 7,1 there-

fore differs slightly from the quantity "number of entire

zooecial apertures in a 1 mm.2 area" used in some bryo-

zoan descriptions (20, p. 39, 40). I made at least 5 counts

of Zl on each of the Wreford Tabulipora carbonaria tan-

gential sections available to inc. Frequency polygons con-
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FIGURE 14. Morphological characters of Tabnlipora carbonaria showing symbols used for analytical studies described in text and recorded
in tables. Upper figures represent tangential sections and lower ones longitudinal sections.

structed from measurements of Z1 approximate normal
curves (Fig. 15).

The quantity Z2 is the number of zooecial apertures,
recorded as an integer, intersecting or adjacent to a line 2

mm. long placed parallel to branch length or direction of
colony growth, in tangential section. In counting Z2, one
end of the 2-mm. line is placed on a zooecial wall between
two apertures; then, the apertures are counted, with the
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zooecial aperture at the other end of the 2-mm. line being

counted as 1 if more than half, and 0 if less than half, of

its total diameter parallel to the line lies before the end of

the line. Using this last-mentioned convention eliminates

the need for using classes of 6, 6+, 7, 7+, etc. (83, p. 33;
UTGAARD & PERRY, 1964, p. 43); such classes are not ob-

jectively defined and moreover are not readily amenable

to statistical analysis. I made at least 5 counts of Z2 on

each T. carbonaria tangential section. Values obtained for

Z2 tend to form normal frequency distributions.

The quantity MZAD is the maximum diameter in

mm. of one zooecial aperture in tangential section; again,

I measured at least 5 MZAD's on each tangential section
studied. MZAD, too, tends to be distributed normally
(Fig. 15).

The quantity IWT is the minimum total zooecial wall
thickness, or the minimum distance, in mm. between two
adjacent zooecial apertures in tangential sections. In in-
vestigating the differences between monticular and inter-
monticular areas, between shallow and deep tangential
sections, and among various type specimens, I measured
several IWT's on each tangential section used. However,
for the rest of the study of Tabulipora c-arbonaria, I re-
corded only the maximum IWT observed in each tan-
gential section. In either case, the values obtained for
IWT form a J-shaped frequency distribution (92, p. 57).
For bryozoan species which, unlike T. carbonaria, have
interzooecial structures like mesopores and vesicles, IWT
can not be used; instead, the thickness of the wall of one
zooecium, or the distance from the circumference of the
zooccial aperture to the outer circumference of the zoo-
ecium as a whole, should be measured.

The quantity Al is the number of acanthopores,
recorded as an integer, within a I inm. 2 area in tangential
section. I used the same convention in counting Al as in
counting Z I, in that acanthopores more than half of whose
area fell within the I mm. by 1 mm. square were counted
as Fs, and those less than half of whose area fell within
the square were counted as O's. I made at least 5 counts
of Al on each T. carbondria tangential section studied.
Values of Al tend to be distributed normally.

The quantity MAOD is the maximum diameter in
nun, of the outer circumference of one acanthopore, in
tangential section. Again. I measured at least 5 MAOD's
on each tangential section. The values obtained for
MAOD also form normal frequency distributions.

The quantity TP is the thickness in mm. of the pe-
ripheral region of a cylindrical branch of Tabulipora
curbonaria; TP can be measured in longitudinal sections,
transverse sections, or unsectioned zoarial fragments. I
measured TI' at least once or twice for each Wreford T.
carbonaria zoarium; many of the zoarial fragments studied
were so small that TP was comparatively constant within
these fragments. When the values obtained for TP from

FIGURE 15. Frequency polygons closely approximating normal

curves compiled from all measurements made on specimens of

Wreford Tabnlipora carbonaria. I Explanation.—Z1, number of

zooccial apertures in 1 min."; MZAI), maximum diameter of zone-

cial apertures in moi. (grouped with class interval of 0.3 mm.);

both determined from tangential sections.]

a number of zoaria are plotted, a roughly J-shaped fre-
quency distribution results.

The quantity AR is the axial ratio of other workers
(BonimmAN, 1960, p. 21) multiplied by 100, as shown
below:

.\R 100 (diameter of axial region)/(total diameter of branch)

100 I (total diameter of branch) — 2(113 )]

I total di:1111(1er nif 1,r;inch I

The dimensions needed to calculate AR can be meas-
ured in unsectioned and in longitudinally or transversely
sectioned zoarial branches. Like TP, AR was determined
at least once for each zoarial fragment; also like TP, values
of AR tend to form approximately J-shaped distributions.

The quantity AZMS is the average angle in degrees at
which several adjacent zooecia meet the zoarial surface;
it is measured in longitudinal sections along the lateral
side of the zoarial branch fragments, but not around the
rounded distal growing tip of the branch. Because AZMS,
like TI' and AR, are essentially constant in small zoarial
fragments, AZMS was generally measured only once or
twice in each longitudinal section. Values of AZMS tend
to form J-shaped frequency distributions.
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The quantity MO1 is the number of trionilae in 1 mm.,
counted parallel to zooecial length, in the peripheral re-
gion of one zooecium, as seen in longitudinal section. At
least 4 counts of MO1 were made on each longitudinal
section studied. MO1 forms essentially normal frequency
distributions.

The remaining numerical morphological characteristics
are all diaphragm counts of various kinds, and all are
made on longitudinal sections. PE-DTZ, OA-DTZ, and
IA-DTZ are the total number of all kinds of diaphragms
in the peripheral, outer axial, and inner axial regions, re-
spectively, of one zooecium. PE-D1, 0A-D1, and IA-D1
are numbers of all kinds of diaphragms in 1 mm. counted
parallel to zooecial length, in the peripheral, outer axial,
and inner axial regions, respectively, of one zooecium.
PE-PDTZ, 0A-PDTZ, and IA-PDTZ are the total num-
ber of centrally perforated diaphragms in the peripheral,
outer axial, and inner axial regions, respectively, of one
zooecium. PE-HDTZ, 0A-HDTZ, and IA-HDTZ indi-
cate total numbers of hemiphragms in the peripheral,
outer axial, and inner axial regions, respectively, of one
zooecium. All counts made of diaphragms in the inner
axial region were made away from visible remnants of
previous growing tips. At least four counts each of
these 12 characteristics were made on each longitudinal
section studied. Values obtained for 0A-DTZ and OA-
D1 tend to form normal frequency distributions; those for
the other ten characters form J-shaped frequency distri-
butions.

The Tabulipora carbonaria zoaria from the Wreford
can be separated into several groups in various ways in
order to investigate different aspects of each species. For
any such aspect, each numerical morphological character-
istic of each group can be summarized by statistical con-
stants computed from all measurements of the character-
istic made on all specimens belonging to the group. For
example, in order to investigate the variability of T. car-
bonaria in different rock types, we group together all
specimens collected from cherty limestones, all specimens
from calcareous shales, and so forth. We next tabulate as
a simple frequency distribution all measurements of a par-
ticular morphologic character made on all specimens from
one rock type and then compute from this frequency dis-
tribution the arithmetic mean and standard deviation of
the morphologic character for all zoaria from the rock
type. The computations of mean and standard deviation
were performed on a CDC-3600 computer using the pro-
gram given in Appendix O. Again, because they are men-
tioned repeatedly in the following pages, the following
symbols for the indicated quantities are used for con-
venience:

Symbols for Quantitative Analyses of Bryozoans

XM=arithmetic mean.

SI) =standard deviation.

100SD
CV=coeflicient of variability= 	  (92, p. 90).

XM

XS=smallest observed value of numerical

morphological character.

XL=largest observed value of numerical

morphological character.

NS=total number of specimens measured.
NM=total number of measurements made.

After the foregoing quantities are put into tables so

that the morphological characteristics of different groups

of specimens can be compared, various statistical tests can

be applied to the tabulated data to aid evaluation of vari-

ations exhibited by the data. The t-test of the difference

between the arithmetic means of two samples (SIMPSON,

ROE, & LEWONTIN, 1960, p. 176) was the most useful of

the statistical techniques which I used in investigating

Tabulipora carbon aria; however, analysis of variance tech-
niques, if suitably programmed for available electronic
computers, possibly would have been equally useful.
When the tests indicate that no statistical difference exists
between groups of specimens, we can conclude that no
biologically significant difference exists between them.
When a statistically significant difference does exist be-
tween groups of specimens, a significant biological differ-
ence may or may not exist between them as well; this has
been pointed out by several workers (SIMPSON, ROE, &
LEWONTIN, 1960, p. 173; MAYR, LINSLEY, & USINGER, 1953,
p. 151). In this latter situation, nonstatistical consider-
ations have to be used to evaluate whether or not the dif-
ference is biologically significant, which is the question in
which we are primarily interested. A number of situations
like this latter one arose in investigating T. carbonaria. In
many situations, I considered two groups which were sig-
nificantly different statistically as not different relative to
the question at hand if statistically significant differences
of the same order of magnitude could be demonstrated
between randomly selected segments of a single zoarium.
I followed this procedure particularly when the groups in-
volved consisted of very large numbers of measurements
and when their means were quite close, because it is well
known that any two groups can be demonstrated to be
significantly slightly different if enough measurements are
taken (92, p. 173).

In Tabulipora carbonaria, several numerical morpho-
logical characters can be seen upon casual inspection to be
correlated closely. For example, because a tangential sec-
tion of this species shows only zooecia but no mesopores,
zoaria having larger zooecia (MZAD large) will also
necessarily have fewer zooecia in a given area (Z1 and Z2
both small); zoaria possessing thick peripheral regions
(TP high) will also tend to have higher values for PE-
DTZ, PE-PDTZ, and PE-HDTZ and lower values for
AR. A primary reason for including all such characters
in this study of T. carbonaria is to place their precise
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TABLE 4. Abundance (average percent=arithmetie mean [standard deviation 1) of Zoarial Growth Forms in
Each Roc4 Type of Stratigraphie Units in the Wreford Megacyclothem in Kansas.

(NM=number of samples used to determine each set of average percents)

ZoariaI Growth Forms
NM

Stratigraphie Unit and Rock Type

Wyt flore (middle):	 red shale

green shale 	

Wymore (lower):	 red shale 	

green shale 	

argillaceous limestone

Schroyer (upper ):
	 algal-molluscan limestone

algal limestone 	

Schn,yer (middle):	 cherty limestone 	

argillaceous limestone

calcareous shale 	

Schrover (lower):	 cherty limestone 	

calcareous shale 	

1 lavensville (upper): calcareous shale 	

brachiopod-molluscan limestone 	

molluscan limestone 	

algal-molluscan limestone 	

algal limestone  	 . ...........
intraformational breccia 	

lavensville (middle): calcareous shale 	

brachiopod-molluscan litnestone 	
molluscan limestone 	

algal limestone 	

grayish-yellow mudstone 	
argillaceous limestone 	

green shale 	

Ilavensville (lower): molluscan limestone

brachiopod-molluscan limestone 	

calcareous shale 	

"Fhreemile (upper):
	 algal-m(dluscan limestone

algal limestone 	

red residual clay 	

chalky limestone 	

cherty limestone 	

Threemde (middle): calcareous shale 	

Threemile (lower):
	 cherty limestone 	

calcareous shale 	

Speiser (upper):
	 calcareous shale 	

brachiopod-molluscan limestone

molluscan limestone

algal limestone 	

grayish-yellow mudstone . 	
argillaceous limestone 	

black shale and coal . 	
green shale 	

Speiser (middle):
	 argillaceous limestone 	

green shale 	

red shale 	

channel sandstone 	

channel conglomerate 	

ETL ESL BIF RBR DBR RP! DPI FEN

12 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
12 0(0) 0(0) 0(0) 0(0) 8(27) 0(0) 0(0) 0(0)
2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

2 0(0) 0(0) 0(0) 8(11) 0(0) 8(11) 0(0) 35(50)
16 0(0) 0(0) 0(0) 6(24) 0(0) 0(0) 0(0) tr(0)

11 0(0) 0(0) 0(0) 5(12) 27(35) 0(0) 0(0) 12(21)
12 2(7) 0(0) 0(0) 8(26) 1(3) 3(10) 11(28) 25(40)
36 2(6) 4(10) tr(0) 9(22) 21(27) 8(18) 2(5) 28(29)

57 tr(1) tr(1) 0(0) tr(3) 17(33) 4(13) 1(2) 21(36)
8 4(12) 2(4) 0(0) 1(2) 23(26) 3(4) 1(2) 41(40)

32 tr(0) 4(17) tr(0) 1(4) 28(29) 11(15) 1(2) 26(26)
17 3(12) 2(8) 0(0) 1(6) 21(32) 12(22) 0(0) 25(32)
4 0(0) 0(0) 0(0) 0(0) 16(33) 0(0) 0(0) 9(18)
4 0(0) 0(0) 0(0) 0(0) 20(24) 3(5) 0(0) 28(32)
5 1(2) 3(7) 11(0) 6(13) 34(39) 5(7) 0(0) 28(3 ) )
.3 0(0) 0(0) I1(0) 0(0) 0(0) 0(0) 0(0) 0(0)

I	 I 0(0) tr(0) WO) 0(0) 30(27) 10(18) 6(14) 34(28)
2 0(0) 0(0) NO) NO) 58(53) 0(0) 0(0) 40(57)
6 0(0) 11(0) 0(0) 0(0) 0(0) 0(0) 0(0) 16(39)
1 0(0) 11(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

33 0(0) 0(0) 0(0) 0( (I ) 2(9) 4(17) 0(0) 17(34)
2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
1 0(0) 0(0) (1(0) 0(0) 0(0) 0(0) 0(0) 0(0)

9 14(32) 16(34) 0(0) (1(0) 8(22) 11(22) 0(0) 5(15)
13 5(17) 1(3) 0(0) 0(0) 19(27) 2(4) tr(0) 41(41)
27 3(5) 1(3) 0(0) 11(21) 32(27) 10(11) tr(I) 28(27)

3 0(0) 0(0) 0(0) 0(0) 0(0) 0( (I ) 0( (1 ) tr(0)
3 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

21 0(0) tr(1) 0(0) tr(0) 26(35) 2(6) 3(7) 15(25)
58 tr(2) tr(2) 0(0) 3(14) 16(28) 9(17) 1(S) 21(3 )1 )

21 1(6) tr(0) 0( (1 ) 0( (1 ) 26(31) 14(21) 1(4) 37(33)

26 0(0) 0(0) 0(0) 3(13) 10(18) 5(15) 0(0) 10(17)
2 0(0) 0(0) 0(0) 0(0) 0(0) 25(35) 0(0) 25(35)

60 1(2) WI) 0(0) tr(0) 22(24) 44(35) 2(4) 21(25)
15 6(25) 6(25) 0(0) tr(0) 23(40) 7(24) 0(0) 2(4)
14 0(0) 1(5) 0(0) 0(0) 7(25) 22(38) 0(0) 4(16)

1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) N(1) 0(0)
18 0(0) 0(0) 0(0) N(1) 13(31) 19(38) 0(0) 5(22)
3 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
2 0(0) 0(0) 0(0) 0( (I ) 0(0) 0(0) 0(0) 0(0)

13 0(0) tr(11) 0(0) 0(0) 17(30) 23(38) 0(0) 10(21)

1 0(0) 0(0) 0(0) OW) 0(0) 0(0) 0(0) 0(0)
2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 11(0) 0(0)

13 0(0) 0(0) 0(0) OW) 0(0) 4(14) 0(0) 4(14)
4 0(0) 11(0) 0(0) OW) 0(0) 0(0) 0(0) 0(0)
2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
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TABLE 5. Abundance (average percent=arithmetic mean Istandard deviation I) of Zoarial Growth Forms in
Each Rock Type found in Wre ford Megacyclothem in Kansas.
(NM=number of samples used to calculate each set of average percentages)

Roch type
NM

Zoarial Growth Form

ETL ESI, BIF RBR DBR RPI DPI FEN

Red residual clay 	 1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Chalky limestone 	 21 0(0) tr(I) 0(0) tr(0) 26(35) 2(6) 3(7) 15(26)
Chcrty limestone 	 152 tr(1) tr(1) 0(0) 2(11) 16(29) 6(15) 1(3) 19(30)
Calcareous shale 	 197 1(5) 2(8) tr(0) 3(13) 24(27) 21(28) 2(5) 27(28)
Brachiopod-molluscan limestone 	 47 5(18) 3(15) 0(0) 1(4) 23(34) 7(19) tr(0) 22(34)
Molluscan	 limestone 	 33 4(17) 5(19) 0(0) 0(0) 7(22) 12(28) 0(0) 7(21)
Algal-molluscan	 limestone 	 9 0(0) 0(0) 0(0) 2(5) 9(18) 3(6) 0(0) 20(30)
Algal	 limestone 	 26 tr(1) 1(3) 0(0) 5(19) 7(21) 1(3) 0(0) 5(19)
Intraformational	 breccia 	 3 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Grayish-yellow mudstone 	 51 0(0) 0(0) 0(0) 0(0) 6(20) 10(27) 0(0) 13(31)
Argillaceous limestone 	 19 1(6) 0(0) 0(0) 5(21) 1(2) 2(8) 7(23) 16(33)
Black shale and coal 	 2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Green shale 	 27 0(0) tr(0) 0(0) 0(0) 11(27) 11(29) 0(0) 5(15)
Red shale 	 26 0(0) 0(0) 0(0) 0(0) 0(0) 2(10) 0(0) 2(10)
Channel	 sandstone 	 4 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Channel conglomerate 	 2 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

values on record for use by future workers comparing T.
carbonaria with closely similar species in which these
characters may not be so closely correlated. Another rea-
son is to indicate the extent of morphologic variations to
be expected in ramose trepostome species.

For each sample, that is, for each stratigraphic horizon,
rock type, and geographic locality, in which Tabulipora
carbonaria specimens were found, I calculated the percent-
age of T. carbonaria specimens known to possess different
kinds of diaphragms and different kinds of wall micro-
structures (Appendix N). Then, in investigating the
paleoecologic and stratigraphic aspects of T. carbonaria in
the Wreford, I tabulated all percentages shown by all
zoaria which have a particular diaphragm or wall type and
which belong to a particular group of zoaria and then
computed the average percentage (arithmetic mean and
standard deviation) for such diaphragm or wall type in

the group of specimens. For example, I tabulated the per-
centages of total T. carbonaria zoaria containing centrally
perforated diaphragms collected from calcareous shales
and then computed the average percent for this kind of
zoarium in collection from the specified rock type. This
"average percent" is identical to that used in discussing
the zoarial growth forms among Wreford bryozoans.

Finally, in some phases of this study, plotting occur-
rences of the species on maps and cross sections helped to
answer some questions. Comparing Tabulipora carbonaria
to Recent bryozoans and even to Recent branching corals
provided some stimulating insights into the life habits of
Permian species. Constructing hypothetical models which
could be analyzed using electronic computers also proved
to be a useful technique in investigating Tabulipora car-
bonaria.

IDENTIFICATION, CLASSIFICATION, AND ANCESTRY
OF WREFORD TABULIPORA CARBONARIA

Because modern taxonomy attempts to portray both
morphological similarities and phylogenetic relationships
by means of the classification of organisms, the identifi-
cation of species, their arrangement into a classification,
and the evolutionary relationships among them are such
closely interrelated topics that they may well be considered
together. The primary purpose of the following discus-
sion is to determine the valid name of the bryozoan species
treated in this paper and to indicate its position within the
phylum according to modern taxonomic classifications. A
secondary purpose is to clarify nomenclatural matters re-
lating to the type materials of Tabulipora carbonaria

(WORTHEN, 1875), the species to which I believe the
Wreford population belongs. An additional secondary
purpose is to record apparent evolutionary trends among
trepostomes which morphologically are closely similar to
T. carbonaria. Finally, my remarks should not be inter-
preted as an intended revision of late Paleozoic tahuliporid
bryozoans.

The first consideration in dealing taxonomically with
the approximate 600 specimens of large ramose trepo-
stomes collected from the Wreford Megacyclothem in
Kansas' is whether or not all are conspecific. As dis-

The specimens figured in Plates 2-9 are to be deposited in the Indiana
University Paleontological Collection.
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cussed later, the morphologic features of the specimens are

extremely variable, particularly as compared with vari-

ability generally allowed within late Paleozoic trepostome

species by most recent workers. However, several lines of
evidence indicate strongly that the Wreford specimens all
represent a single biological species population.

The most compelling evidence supporting this con-
clusion is the existence of complete morphologie inter-
gradation between the extreme variants observed. Casual
inspection of the Wreford collection shows that some spec-
imens appear to be highly distinctive and morphologically
dissimilar. However, careful examination of all specimens
reveals two different kinds of morphologically inter-
mediate specimens which together bridge the apparent
gaps between forms representing extremes. First, a single
zoarium commonly contains within itself some areas
which are indistinguishable from another highly distinc-
tive zoaritun, and other areas which are identical in ap-
pearance to still another zoarium which is morphologically
unlike the second-mentioned zoarium. For example, some
zoaria in tangential section have rounded zooecial aper-
tures, thick intcrapertural walls, and very large acantho-
pores; others have polygonal apertures, th i 11 interapertural

walls, and smaller acanthopores; and still others have areas
corresponding to both of the preceding types of zoaria

(PI. 4, fig. 2-4). Second, a series of zoaria, each only
slightly different morphologically from those on either
side of it, can be arranged to show a continuous morpho-
logic gradation from one highly distinctive zoarium to
another distinctive but quite dissimilar zoarium. For ex-
ample, one can begin with longitudinal sections of zoaria
which possess thick peripheral regions, many diaphragms,
and zooecia which t fleet the zoarial surface at 90° angles.
He can then proceed to zoaria which possess thinner pe-
ripheral regions, fewer diaphragms and zooecia which
meet the zoarial surface at 60 0 to 80° angles, and finally
encounter zoaria which possess no peripheral region, no
diaphragms, and zooecia which meet the zoarial surface
at angles of only 30° to 45°.

Biometric evidence also supports the conclusion that
all Wreford tabuliporid specimens are conspecific. Meas-
urements of appropriate morphologic characteristics taken
from all of the available specimens and plotted as fre-
quency polygons form curves which are very close to the-
oretical normal curves (Fig. 15). If the Wreford specimens
were drawn from two or more different species, curves so
close to normal curves for all appropriate kinds of meas-
urements would not be expected. Rather, at least some of
the curves might be bimodal (63, p. 87).

A more subjective reason for believing that the Wre-

ford large ramose trepostomes are conspecific is that their
total variability, though large, does not seem to be strik-
ingly greater than that observed within some living animal

species. For example, the shell morphology of some ma-
rine pelecypods is highly variable (23, p. 675-677). Simi-

larly, the shells of fresh-water molluscan species in general
arc highly variable. MAYR, LINSLEY & USINGER (1953, p.
81-99) have discussed extensively various kinds of intra-

specific variability. Their observations indicate that
morphologically highly variable species are not all un-
common among living animals. No valid reason suggests
that animals in the past did not also include some ex-
tremely variable species; in my opinion, Tabulipora car-
bonaria, to which the Wreford large ramose trepostomes
belong, was one of these highly variable species.

Finally, many apparently distinctive zoaria, together
representing much of the total range of morphologic vari-
ability observed among the Wreford large ramose trepo-
stomes, are found together at single localities within the
same stratigraphie unit and rock type. Such a group of
specimens represents an essentially contemporaneous local
population that filled a particular ecologic niche among
the sessile benthos. Application of the competitive ex-
clusion principle ("Gause's law"; 62, 68-81, 666), which
states that two species having identical ecological require-
ments cannot live together at the same place, to such
groups of specimens as the Wreford samples suggests that
the specimens are reasonably interpreted as a single vari-
able species rather than two or more similar species having
similar ecological adaptations.

Therefore, I believe that the large ramose trcpostomes
the Kansas Wreford all represent a single species. The
existence of morphologically intermediate specimens, the
tendency of appropriate kinds of numerical data that were
obtained from all the specimens to form approximately
normal frequency distributions, consideration of living
highly variable species, and application of the ecologic ex-
clusion principle all support this belief.

The second consideration in dealing taxonomically
with the large ramose trepostome species from the Wre-
ford is the valid name of the species. Although several
names seem applicable to this species, the oldest available
one is ninth . pora eurbonaria (WoRni EN, 1875). The fol-
lowing synonymy for the species is a complete list of all
references which I was able to find.

TABULIPORA CARBONARIA (Worthen, 1875)

Chaetetes? carbonaria WoicenrN in WORTHEN et al., 1875, Illinois

Geol. Survey, v. 6, p. 526, p1.32 fig. 5.
stenopora carbonaria Fot.RsTE, 1857, Bull. Sci. Lab. Denison Univ.,

v. 2, p. 85; 	 , 1888, Bull. Sci. 1.,11). Denison Univ., v. 3,

pl. 8, fig. I3a c, 	 , ULRICH DI WOHIICEI et al., 1890,
Illinois Geol. Survey, v. 8, p. 415, pl. 73, fig. 8, 8a: 	
Nicm.Es	 BASSLER, 1900, U.S. CIA. Survey, Bull. 173, p. 409;
	  Roca•ls, 1901, Kansas Univ. Sci. Quart., v. 9, p. 239,
240, 245; 	 , BARBOUR, 1903, Nebraska Geol. Survey, v. I,
p. 128; 	 , CONDR A, 1903, Nebraska Geol. Survey, v. 2,
pt. 1, p. 45, 46, pl. 4, fig. 9-13; 	  SCHUCHERT, 1905, U.S.
Natl. Mus., Bull. 53, sec. I, p. 623, 	 , CORYELL in Morgan,
1924, Oklahoma Bur. Geology, Bull. 2, p. 116, pl. 28, pl. 39,
fig. 7, 8;   CONDRA & ELIAS, 1944. Geol. Soc. America,.
Bull., v. 55, pl. 9, fig. 5.
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Stenopora carbonaria var. maculosa ULRICH in WORTHEN/ et al., 1890,
Illinois Geol. Survey, v. 8, p. 445, pl. 73, fig. 10, 10a:  
NICKLES & HASSLER, 1900, U.S. Geol. Survey, Bull. 173, p. 410;
  SCHUCHERT, 1905, U.S. Natl. Mus., Bull. 53, sec. I.
p. 623.

Stenopora carbonaria var. conferta ULRICH in WORTHEN et al., 1890,
Illinois Geol. Survey, v. 8, p. 446, pl. 73, fig. 9, 9a;  
NICKLES & HASSLER, 1900, U.S. Geol. Survey, Bull. 173, P. 409;
	, BARBOUR, 1903, Nebraska Geol. Survey, v. 1, p. 128;
	, CONDRA, 1903, Nebraska Geol. Survey, v. 2 ,pt. 1, p.
46, pl. 4, fig. 14, 15: 	 , SCHUCHERT, 1905, U.S. Natl.
Mus., Bull. 53, sec. 1, p. 623; 	 , CORYELL in Morgan,
1924, Oklahoma Bur. Geology, Bull. 2, p. 106, 182, pl. 28,
pl. 39, fig. 9, pl. 40, fig. 1.

Tabulipora carbonaria EASTON, 1943, Jour. Paleont., v. 17, p. 142;
  SHINIER & SHROCK, 1944, Index Fossils of North Amer-
ica, John Wiley and Sons, Inc., New York, p. 259, pl. 98, fig.
8, 9;  , FRITZ, 1946, lour. Paleont., v. 20, p. 86; PERRY &

GUTSCHICK, 1959, Jour. Paleont., v. 33, p. 317: 	 ,
mom 1962, Jour. Paleont., v. 36, p. 1020; 	 , PERKINS &

PERRY in PERKINS, PERRY, & HATTIN, 1962, Kansas Geol. Survey,
Bull. 157, pt. 5, p. 16-17.

Tabulipora carbonaria var. maculosa PERRY & GUTSCHICK, 1959,
Jour. Paleont., v. 33, p. 317;  , GILMOUR, 1962, Jour.
Paleont., v. 36, p. 1020.

Tabulipora arcturusensis GILMOUR, 1962, Jour. Paleont., v. 36, p.
1019, 1020, pl. 142, fig. 1-9.

Stenopora pauca PERKINS & PERRY in PERKINS, PERRY & HATTIN,

1962, Kansas Geol. Survey, Bull. 157, pt. 5. p. 14-15, pl. 5,
fig. 5-7.

Tabulipora groverensis PERKINS & PERRY in PERKINS, PERRY &

HATTIN, 1962, Kansas Geol. Survey, Bull. 157, pt. 5, p. 15-17,
pl. 5, fig. 1-4.

Tabulipora regttlaris PERKINS & PERRY in PERKINS, PERRY, & HAT-

TIN, 1962, Kansas Geol. Survey, Bull. 157, pt. 5, p. 17-18, pl. 4,
figs. 1-6.

Certain aspects of the preceding synonymy require
further elaboration. Appendix M presents numerical data
obtained from sonic of the type specimens discussed in the
following paragraphs.

WORTHEN (in WORTHEN & MEEK, 1875, p. 526) de-
scribed only the external features of Tabulipora carbonaria.
The internal structures of this species were not known
until the work of ULRICH (1890, p. 445, 446), who figured
sections made from specimens (U.S. Nat'l. Museum nos.
43315, 43316, and 43319) other than WORTHEN ' S primary
types. In order to compare ULRICH ' S specimens with
WokruEN's type specimens, thin sections of the latter
were made because those specimens had never been sec-
tioned. Examination of these thin sections (Pl. 1, fig. 1-5),
as well as those made by ULRICH, reveals that the zoaria
from which they were made, although forming a some-
what variable group, are conspecific. The specimens stud-
ied by WoRrnEN and Uuncti definitely are no more
variable among themselves than are the Wreford T. car-
bonaria specimens; reasons for considering the latter forms
conspecific have been given earlier. Moreover, some sec-
tions made from both WORTHEN'S and ULRICH ' S materials
are morphologically identical to many of the thin sections
made from T. carbonaria specimens that I collected from
the Wreford Megacyclothem.

Numerical morphological characters which strongly
support the conclusion that the Wreford specimens are
conspecific with the types and the earliest figured sections
of Tabulipora carbonaria include Z1, Z2, MZAD, 1WT,
Al, MAOD, AZMS, MOI, and all but two of the dia-
phragm counts (Tables M-1 through 6, 9, 10, 12 through
16, and 18 through 22). In these characters, the type
specimens differ from the Wreford specimens grouped
together (Appendix M) by no more than individual Wre-
ford zoaria differ from the Wreford specimens grouped
together (Appendix D). WORTHEN ' S primary types
(CHCARB of Appendix M) and ULRICH ' S holotype of T.
carbonaria var. maculosa (SCARBMAC of Appendix M)
differ from the remaining T. carbonaria types and from
the Wreford specimens by having somewhat thicker pe-
ripheral regions (Table M-7), lower axial ratios (Table M-
8), and more diaphragms and more centrally perforated
diaphragms in the peripheral region (Tables M-11, 17).
Because these differences parallel those seen between
younger and older zoaria of the same species and because
otherwise the various specimens are very similar,
WORTHEN ' S primary types and ULRICH ' S holotype of va-
riety (subspecies) maculosa are most reasonably inter-
preted as old, mature zoaria of the same species to which
the other types and the Wreford specimens belong, rather
than as representing different species.

In morphologic characteristics which were not counted
or measured, the type specimens of Tabulipora carbonaria
closely resemble one another, as they do the specimens
collected from the Wreford Megacyclothem. This fact,
too, supports assignment of the Wreford specimens to T.
carbonaria.

The holotype of Tabulipora carbonaria var. contra('
(USNM 43315) (Pl. 1, fig. 6) is particularly close in ap-
pearance to many of the Wreford zoaria; however, it has
very slightly more monilae per unit length than the latter
(Table M-10). WORTHEN ' S primary types have somewhat
more polygonal zooecial apertures and slightly thinner
interapertural walls (Table M-4) than do many specimens
from the Wreford, but the differences are very minor.
One of WORTHEN ' S types (X-279B) has small clusters
(maculae) of 10 to 15 zooecia of smaller than average size,
which are elevated slightly above the zoarial surface and
are spaced 5 to 6.5 mm. apart; ULRICH ' S holotype of T.
carbonaria var. maculosa (USNM 43316) has similar
structures also. These small clusters undoubtedly corre-
spond to the maculae seen on sonic of the Wreford T.
carbonaria specimens.

WORTHEN (108, p. 526) based the species Tabulipora
carbonaria on two zoarial fragments, which are deposited
as specimens X-279A and X-279B in paleontological col-
lections of the University of Illinois, Urbana. Until now,
the specimens have been syntypes; f here designate X-279B
as the lectotype, and X-279A as a paralectotype, of the spe-
cies T. carbonaria ( WORTHEN, 1875). Specimen X-279B
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was figured by WORTHEN. Moreover, tangential sections of

this specimen are quite similar morphologically to the hy-
potype figured by ULRICH and to many Wreford specimens.
Consequently, designation of this specimen as the nomen-
clatural type of the species is not likely to confuse the
concept of the species which results from ULRICH ' S work
and from the study reported in this paper. The lectotype
and paralectotype were collected in St. Clair County, Illi-
nois, from "the calcareous shales over the Belleville coal"

in the Pennsylvanian System. After consideration of the
strata exposed in St. Clair County (WELLER, 1945), I
think that these specimens may have come from the lowest
part of the Modesto Formation (53, p. 34-38) if the
"Belleville coal- is the same as the Danville or No. 7 Coal.
Finally, it should be noted that the Wreford T. carbonaria
zoaria used in the present study can be considered as both
homeotypes and hypotypes ( 35, p. 652, 653) of the species.

Recently, several workers have erected new tabuliporid
bryozoan species which I believe are synonymous with
Tabufipora carbonaria. Although these new taxa have
been well described and well illustrated, they have been
based upon a small number of specimens collected from
very few localities and stratigraphic horizons. Conse-
quently, their authors (lid not have sufficient material to
recognize that the specimens, though differing somewhat
from the then-illustrated specimens of T. carbonaria,
nevertheless fall well within the range of variability pres-
ent in that species and now detected by analyzing nearly
600 of its specimens.

The type materials of each of these newly proposed
species differ only slightly from some of the Tabulipora
carbonaria specimens collected from the Wreford Mega-
cyclothcm. Moreover, in the numerical morphological
characters Z1, Z2, MZAD, IWT, Al, MAOD, AZMS,
MOI, and all but one of the diaphragm counts (Tables
M-1 through 6, 9, 10, 12 through 22), the type specimens
of these newly proposed species differ from the Wreford
T. carbonaria specimens taken as a whole by the same
order of magnitude as do single Wreford zoaria (Appen-
dix D).

Tabulipora arcturusensis is based upon some very large

zoaria which were apparently very long-lived, because the

type specimens have very thick peripheral regions (Table
M-7), low axial ratios (Table M-8), and many diaphragms
in the peripheral region (Table M-11). Each of the fore-
going features is correlated with the life span of the indi-
vidual colony, and none of them implies that the zoaria are

taxonomically distinct from the Wreford zoaria. More

minor differences are that the T. arcturusensis types have

slightly thicker interapertural walls (Table M-4) and

slightly larger acanthopores (Table M-6) than the Wre-
ford specimens of T. carbonaria.

The recently proposed species Tabulipora groverensis,
T. regularis, and Steno pora pauca have values for TP, AR,

and PE-DTZ (Tables M-7, 8, 11) which fall well within

the range observed among the Wreford T. carbonaria
zoaria. These three species tend to have somewhat more

polygonal zooecial apertures and somewhat thinner inter-
apertural walls (Table M-4) than many of the Wreford
forms, but these differences are minor. In addition, the

holotype of Stenopora pauca is apparently an immature
zoarium that had not developed a peripheral region and
diaphragms. The characteristics of Stenopora pauca (Ap-
pendix M) and those of Wreford T. carbonaria specimens
as seen in very deep tangential sections (Appendix B),
which represent an early stage of colony growth, are very
similar. Like immature zoaria observed in the Wreford
T. carbonaria collection, S. pauca has polygonal zooecial
apertures which are large (Table M-3) and thus fewer per
unit area or length (Tables M-1, 2), thin interapertural
walls (Table M-4), small acanthopores (Table M-6), no
peripheral region (Table M-7), correspondingly high axial
ratio (Table M-8), and zooecia which meet the zoarial
surface at low angles (Table M-9). Also like some Wre-
ford immature zoaria, S. pauca lacks diaphragms ( Tables
M-11 through M-22). Finally, T. regularis is a small en-
crusting hemispherical zoarium; however, some encrusting
sheetlike zoaria of T. carbonaria are known from the
Wreford. Such zoaria could easily develop into hemi-
spherical growth forms under appropriate conditions, and

therefore the latter zoarial forms should not be considered
as distinct taxonomically.

In summary, the large ramose trepostome bryozoans
which I collected from the Wreford Megacyclothem in
Kansas belong to the species Tabulipora carbonaria, which
has, as synonyms, several named varieties and newly
erected species.

A third consideration in dealing taxonomically with
the Wreford Tabulipora carbonaria specimens involves
comparing the species T. carbonari, with morphologically
similar and phylogenetically related species. In order to
identify the Wreford specimens, I examined descriptions,
illustrations, and type materials of several late Paleozoic
tabuliporid species. Although extended analysis of the

evolution and taxonomy of other late Paleozoic tabuli-
porids is beyond the scope of this paper, I believe that my
tentative and admittedly speculative conclusions regarding
these matters do shed some light on the ancestry of T.
carbonaria and can also serve as a stimulus to further
research on late Paleozoic trepostome bryozoans.

The group of species to which Tabuhpora carbonaria
is most similar morphologically is a complex of forms, to
which a number of different names have been applied,
such forms extending from the Meramecian Series (Mid-
dle Mississippian) to the Wolfcampian Series (Lower
Permian). Several morphologic trends which are well
oriented stratigraphically and are seen in specimens found
in diverse rock types, and which therefore are probably
phylogenetic trends, can be observed within this complex.

First, zooecial apertures become progressively smaller; in
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a detailed quantitative study, therefore, the measurable
quantity MZAD should decrease and the quantities Z1 and
Z2 should increase from geologically older to younger
members of the complex. The zooecial apertures also tend
to become less polygonal or angular and more rounded
with time. Second, both the maximum and the average
zooecial interapertural wall thickness (IWT) tend to in-
crease from Mississippian to Permian forms. However,
the minimum IWT remains the same; consequently, slides
made from geologically progressively younger zoaria tend
to show progressively greater ranges of variation in wall
thickness. Third, acanthopores became larger—that is,
MAO[) increased—with the passage of time; this is per-
haps the most conspicuous evolutionary trend which I
observed. Fourth, the total number of centrally perforated
diaphragms per zooecium, PE-PDTZ, decreases frcm
geologically older to younger forms of the complex.

The most ancient bryozoans exhibiting these four
evolutionary trends are best known from the later Missis-
sippian deposits of the Illinois Basin region, where several
specific names—Tabulipora tuberculata, T. cestriensis, T.
ramosa, T. n2eekana, T. rudis, and T. penerudis—have
been applied to them (83, 102). Early Pennsylvanian
forms are less well known, but include T. amsdenensis and
T. maculata from Montana (82) and Stenopora micro pora
from Oklahoma (18). Still younger bryozoans exhibiting
these trends are known from uppermost Middle Pennsyl-
vanian through Lower Permian horizons; these forms all
fall within the species T. carbonaria, although, as pointed
out previously, the names T. arcturusensis, T. groverensis,
T. regularis and S. pauca have been applied to some of
them.

Definitive interpretation of this group of bryozoans
showing the four morphologic trends outlined above will,
of course, have to await further intensive studies. How-
ever, in view of the great variability observed within the
Wreford populations of Tabulipora carbonaria, I suggest
very tentatively and speculatively that the various later
Miss;ssippian forms comprise one highly variable species
which evolved, through the morphologically and stra-
tigraphically intermediate Early Pennsylvanian forms, into
another highly variable species, T. carbonaria, which per-
sisted until well into Early Permian time. The facts that
the four evolutionary trends described above can be ob-
served among all these bryozoans and that zoaria which I
examined from essentially the same stratigraphic horizons
differ among themselves about as much as the more ex-
treme zoaria from the Wreford differ among themselves
support my tentative interpretation. In addition, the
credibility of the foregoing interpretation is enhanced by
the fact that many of the zoaria from a given horizon are
virtually indistinguishable in both gross form and micro-
structural features from some of those collected both above
and below that horizon. For example, some Early Penn-
sylvanian (T. amsdenensis and T. maculata) specimens

differ from Late Mississippian (T. cestriensis and T. ra-
mosa) specimens and from latest Middle Pennsylvanian
(WoRTHEN's types of T. carbonaria) specimens by no more
than the last-mentioned specimens differ from the Wre-
ford T. carbonaria specimens.

My preliminary interpretation of these bryozoans as
representing one variable species (Tabulipora cestriensis-
T . ramosa complex) which evolved into another variable
species (T. carbonaria) poses the practical taxonomic prob-
lem of what names should be applied to these species.
Certainly, the later of the species would be known as T.
carbonaria, as that is the oldest name applied to any of the
post-Mississippian specimens. On the other hand, only
future work can indicate what the Late Mississippian
forms should be termed. Finally, the Early Pennsylvanian
forms, because they arc intermediate both structurally and
stratigraphically, possibly could be referred to either spe-
cies, and because some of the Montana specimens are vir-
tually indistinguishable from WORTHEN ' S types, I suspect
that they may eventually be included within T. carbonaria.
Although a population of bryozoans belonging to the
group under discussion found at a given horizon can be
shown to be morphologically slightly different from popu-
lations found in both slightly older and slightly younger
horizons, a fact which conceivably could be of use in bio-
stratigraphic correlation, I believe that such populations
should not be named as distinct species. Different specific
names should be applied only to large segments of an
evolving lineage, to segments whose mid-points differ
morphologically by about the same amount as do two
well-established, closely related species living at the same
time in the same locality (i.e., two synchronous sympatric
species of the same genus). Application of this last-
mentioned principle, in my opinion, will quite likely allow
recognition of only two species—a Late Mississippian spe-
cies and a Pennsylvanian-Early Permian species (T. car-
bonaria)—within the lineage under discussion.

I reemphasize that the foregoing statements are only
preliminary and tentative suggestions; they will, however,
have served their purpose if they stimulate bryozoan
workers to apply biologic species concepts to these fasci-
nating animals. Future studies of the evolutionary re-
lationships among late Paleozoic tabuliporid bryozoans
should be based on large numbers of specimens, newly
collected and precisely located geographically, stratigraph-
ically, and lithologically. However, examination of type
materials of already named species will also be necessary
to work out the nomenclatural situations encountered dur-
ing such a study.

Regardless of whether or not the tentative interpreta-
tions outlined above are confirmed by later work, I believe
that the ancestor of Tabulipora carbonaria is probably
within the morphologically closely similar and chrono-
logically immediately antecedent T. cestriensis-T. ram osa
complex. The latter bryozoans differ from T. carbonaria
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by having slightly larger zooecia, thinner interapertural
walls, smaller acanthopores, and more centrally perforated
diaphragms per zooecium than T. carbonaria has. No
post-Early Permian bryozoan yet described sufficiently re-
sembles T. carbonaria morphologically to qualify as a
possible descendant of that species; possibly T. carbonaria
became extinct without issue, or possibly its descendants
will yet be found in the essentially unstudied Permian
bryozoan faunas of North America.

The geologically youngest bryozoan specimens referred
to Tabulipora carbonaria in this paper come from the
upper part of the Wolfcampian (Lower Permian) Series,
from the Wreford Megacyclothem of Kansas and from the
lower part of the Arcturus Formation of Nevada. The
geologically oldest specimens referred herein definitely to
T. carbonaria come from uppermost Destrioinesian (Mid-
dle Pennsylvanian) strata, from the basal Modesto For-
mation of Illinois and the Holdenville Formation of south-
central Oklahoma. The species therefore ranged in time
from latest Middle Pennsylvanian into late Early Permian
time. Interpolation in the absolute geologic time scale
published by KULP ( 1961,   p. 1110-11 1 1 ) suggests that this
range represents a time span of approximately 25 million
years (295 to 270 million years before present, approxi-
mately). Such a life span for an invertebrate species is not
unusual, inasmuch as many living invertebrate species
have geologic ranges which represent 25 million years, the
time span between the early Miocene and Recent. If future
work indicates that the Early Pennsylvanian tabuliporids
from Montana should be included in T. carbonaria, as
suggested as a possibility in the preceding discussion of the
evolutionary relationships among late Paleozoic tabuli-
porid bryozoans, the total range in time of that species
would be Early Pennsylvanian into Early Permian and
would represent only about 45 million years (approxi-
mately 315 to 270 million years before present). Even this
time span, which is the same as that between the late
Eocene and Recent, is shorter than the time ranges of some
living invertebrate species. Consequently, the stratigraphie
range of T. carbonaria as here conceived is not excessively
great for a species of invertebrate animal; this fact is con-
sistent with my belief that the concept of the species T.
carbonaria, as presented by the taxonomic aspects of this
paper, is a reasonable approximation to a biologic species
concept for late Paleozoic tabuliporid bryozoans.

In attempting to identify the species to which the
Wreford large ramose trepostomes should be assigned, I
examined descriptions, illustrations, and some type speci-
mens which seemingly represent other tabuliporid species
closely allied to Tabulipora carbonaria. Thorough treat-
ment of these species would be irrelevant to the present
study of T. carbonaria; however, brief mention of the
morphologic differences between these species and T. car-

bonaria would be appropriate here.
Tabulipora? ohioensis (FoERsTE, 1887), with which

Steno pora boggyensis, S. macalesterana, and S. tvapa-

nuckaensis, all of CORY ELL (1924), are in my opinion

probably synonymous, differs from T. carbonaria by hav-
ing one to five tiny acanthopore-like structures located
along its interapertural walls between the junction points
of three or more zooecia. These structures in tangential
section under low power examination resemble the dark
granules which are observed in the walls of some speci-
mens of T. carbonaria but under high power are seen to
consist of concentrically laminated calcareous tissue sur-
rounding a central tubular lumen rather than of tiny
irregular patches of light and dark calcareous material like
the granules of T. carbonaria. Moreover, in longitudinal
section, zooecial wall laminae are bent upward (distally)
around these structures to a height equal to as much as
0.25 of the diameter of a zooecium. The holotype of T.?
ohioensis has somewhat higher values for Z1 (XM-21.3,
SD=2.4, NM=10) and MOI (XM-11.5, SD=2.1,
NM=4) than has T. carbonaria.

Tabulipora cava MOORE (1929), with which I think
T. plummeri MooRE (1929) is probably synonymous, dif-
fers from T. carbonaria by having numerous small rneso-
pores.

Tabulipora hispida (CORY ELL, 1924), which possibly
should include Stenopora bullata CORY ELL (1924) as a
junior synonym, is distinguishable from T. carbonaria
because the former species possesses a higher value of Al
(XM=28.4, SD=6.2, NS=1 (holotype), NM=5) than
T. carbonaria; moreover, unlike T. carbonaria, the acan-
thopores in T. hispida are generally located along the
zooecial walls between, as well as at, the junction points
of three or more zooecia.

The holotype of Tabulipora? circina (CoRvELL, 1924)
differs from T. carbonaria by having numerous mesoporcs,
and higher Z1 (XM=28.0, SD=5.7, NM=5) and lower
MZAD (XM=0.142, SD=0.044, NM=6) than T. car-
bonaria.

Many other late Paleozoic trcpostome species described
in the literature are quite different morphologically from
Tabulipora carbonaria and thus do not require discussion.

The fourth consideration in dealing taxonomically with
the large ramose trepostomes collected from the Wreford
Megacyclothem is indicating how they should be classified
within the animal kingdom. The taxonomic position of
the Wreford specimens of Tabulipora carbonaria follows:

Taxononzic Placement of Tabulipora carbonaria

Phylum Ectoprocta	 NITSCHE, 1869
Class	 Stenolaemata	 BORG, 1926
Order
	 Trepostomata	 ULRICH, 1882

Family	 Stenoporidae	 WAAGEN & WENTZEL, 1886
Genus	 Tabalipora	 YOUNG, 1883
Species
	

Tabulipora carbonarni (WoRTIŒN, 1875)

As indicated in the preceding pages, the Wreford spec-
imens can be identified as the species which Worthen
originally published as Chaetetes? carbonaria.
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However, Chaetetes? carbonaria is quite clearly a bryo-
zoan and therefore has been removed from the coral genus
Chaetetes. As currently used (Bassler, 1953, p. G101,
G104, G105), Tabu/ipora includes stenoporid bryozoans
possessing well-developed monilae, lacking mesopores, and
having centrally perforated diaphragms; Stenodiscus and
Stenopora are identical to Tabulipora except that the
former has nonperforated or complete diaphragms and the
latter lacks diaphragms. Because WORTHEN ' S primary
types possess centrally perforated diaphragms, the species
C.? carbonaria is best assigned to Tabulipora.

Many Wreford specimens of Tabulipora carbonaria
also possess centrally perforated diaphragms and therefore
conform well to the definition of Tabulipora. However,
some of the Wreford zoaria possess only nonperforated
diaphragms, and a few even lack diaphragms entirely; the
former might conceivably be assigned to Stenodiscus and
the latter to Stenopora. For reasons indicated previously,
I believe that all Wreford specimens are conspecific; more-
over, as shown later, the groups of specimens delimited
according to diaphragm types are morphologically other-
wise very similar. Assigning the various conspecific Wre-
ford zoaria to three different genera would be biologically
unsound; consequently, I am referring them to the genus
which as a group they seem to fit best. GILMOUR ( 1962, p.
1020) also noted potential difficulty in assigning a con-
specific suite of tabuliporid bryozoan specimens to the
genera in question. Because individual zoaria belonging
to T. carbonaria may show the presumed diagnostic dia-
phragm condition of any of these three genera, I believe
that possibly they are artificial morphologic groupings
which lack taxonomic value and that hence they should
be synonymized under the oldest name, Stenopora. Their
relationships are further complicated because Tabulipora
is based upon a species from Scotland, and Stenodiscus
and Steno pora are based upon species from Tasmania, and
the Wreford and related specimens are from the United
States. Moreover, CROCKFORD (1957, p. 44) has pointed
out that recognition of Tabufipora as a valid genus may
require special application to the International Commis-
sion on Zoological Nomenclature.

Certainly, more work is needed to solve the problems
posed by recognition of the genera named Tabulipora,
Stenodiscus, and Stenopora. Until comparative studies
based upon materials collected from Europe, North Amer-
ica, and Australia have been made, little can be accom-
plished toward revising the taxonomy of these bryozoans.
In any event, assignment of the Wreford species to Tabu-
lipora pending such revision adequately fulfills the needs
of the present paper.

The familial and ordinal classification of Paleozoic
bryozoans is in an unsatisfactory state at present (5, p. 26,
27; 87, p. 931). Until future work elucidates this topic,
Tabulipora carbonaria can be classified conveniently in the
family Stenoporidae and the order Trepostomata (2, p.
G105). However, several workers, whose observations are

summarized by CUFFEY & PERRY (1964, p. 42), have
pointed out that division of the order Trepostomata into
the suborders Integrata and Amalgamata on the basis of
wall structure (2, p. G29, G93) is untenable. Study of the
Wreford specimens of T. carbonaria also confirms this
conclusion, because some zoaria have integrate walls,
others have amalgamate walls, and still others have both
kinds of walls within the same colony. Therefore, valid
suborders can not at present be recognized among trepo-
stome bryozoans, and thus the taxonomic category of sub-
order is omitted in the hierarchical classification of T. car-
bonaria given above.

The distinction made originally by BORG (1926), and
adopted by BUGE (1952, p. 692, 693) but not by BASSLER
(1953, p. G38, G93), between bryozoans having long
tubular zooecia (class Stenolaemata) and those possessing
short boxlike zooecia (class Gymnolaemata, restricted) is
potentially useful, in my opinion. Tabulipora carbonaria
clearly belongs to the former class.

The phylum Ectoprocta in which Tabulipora car-
bonaria is classified above, includes the vast majority of
both living and fossil species of animals which were for-
merly classified in the phylum Bryozoa. As HYMAN (1951,
p. 521, 551; 1959, p. 277) and Ross (1964, p. 930) have
pointed out, the taxon Bryozoa includes both pseudo-
coelomate animals (the entoprocts) and eucoelomate ani-
mals (the ectoprocts). The characteristic of being acoel-
ornate, pseudocoelomate, or eucoelomate is used to sepa-
rate invertebrate animals into groups of phyla. Therefore,
maintaining a phylum Bryozoa which includes both pseu-
docoelomate and eucoelomate animals is inconsistent with
the rest of modern zoological classification; the entoprocts
must be grouped with the other pseudocoelomate phyla,
and the ectoprocts with the other eucoelomate phyla. The
term Bryozoa should be abandoned as a formal taxonomic
unit; however, "bryozoans" may continue to be used in-
formally in discussing either entoprocts or ectoprocts.
Moreover, the term Bryozoa, which has been in wide-
spread use for nearly a century to denote Entoprocta plus
Ectoprocta, should not now be redefined to denote only the
Ectoprocta, as doing so would result in unnecessary con-
fusion whenever the term Bryozoa is employed. These
reasons lead me to classify Tabulipora carbonaria as a
member of the phylum Ectoprocta.

The most important conclusions reached in this section
concerning the identification, classification, and ancestry
of the Wreford bryozoan species intensively treated herein
are worth reiterating before proceeding further. First, the
large ramose trepostomes which I collected from the Wre-
ford Megacyclothem in Kansas represent a single, morpho-
logically variable species, which is the ectoproct species
Tabufipora carbonaria. Second, T. carbonaria apparently
evolved from members of the Late Mississippian T. ces-
triensis-T. ram osa complex. And third, T. carbonaria
persisted from at least Middle Pennsylvanian time into
Early Permian time.
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MORPHOLOGY OF WREFORD TABULIPORA CARBONARIA

GENERALITIES
In order to obtain a reasonably complete understanding

of all aspects of the bryozoan Tabulipora carbonaria as it
exists in the Wreford Megacyclothem, we must consider
in detail the form and structure of the specimens belonging
to that species. The following pages, written in tele-
graphic style for convenience, describe the morphology of
the nearly 600 T. carbonaria specimens which I collected
from the Wreford Megacyclothem in Kansas. The follow-
ing description does not include extensive discussions of
the several different kinds of morphologic variability ex-
hibited by T. carbonaria, because those kinds of variability
are treated individually in later sections of this paper.

Because most readers are not familiar with the inter-
relationships of the structures of trepostome bryozoans, I
first describe and illustrate (Fig. 16) general morphologic
characteristics of Tabulipora carbonaria as reconstructed
from study of external features and tangential, transverse,
and longitudinal sections. Then, for other bryozoologists,
I describe in detail the appearance of T. carbonaria speci-
mens as seen externally and in each of the three kinds of
thin sections.

Because trepostome bryozoans are extinct, we are
ignorant of their soft parts. However, we can presume
that trepostorne zooids were probably like those of living

bryozoans, particularly cyclostomes such as Heteropora.
This presumption aids in interpreting some of the struc-
tures that are observed in zoarial fragments of Tabulipora
carbonaria.

Table 6 summarizes the values of the 22 numerical
morphological characters, which were obtained from all
specimens of Wreford Tabulipora carbonaria grouped to-
gether (TWTC of the Appendices). Most of the quanti-
ties tabulated have already been explained in preceding
sections of this paper. The symbols XM (95% CL) and
SD (95°.'o CL) denote 95 percent confidence limits for the
arithmetic mean and standard deviation of the population
of Wreford T. carbonaria, as calculated from the mean
and standard deviation shown by the sample consisting of
the nearly 600 studied specimens of that species. In other
words, we can be 95 percent confident that the mean value
of Z1 for the entire population consisting of all Wreford
specimens of T. carbon aria taken together will lie between
14.16 and 14.32 (92, p. 159-163). Thus, XM(95° CL)
and SD(95°,/,„ CL) give the characteristics of the entire
population of Wreford T. carbonaria, while the remaining
columns describe only the characteristics of the sample of
600 studied specimens drawn from that population. NS
varies from character to character, because not all of the
22 numerical morphological characters could be observed
in all of the Wreford zoaria.

TABLE 6. Summary of Numerical Data Obtained from All Specimens of
Kansas Wre ford Tabulipora carbonaria Grouped Together.

Character XM( 95% CL) X.11 SDI 95% CL) SD XS-XL NS(NM) CV

7.1 14.16-14.32 14.24 2.26-2.37 2.32 7-25 560(3466) 16.3
Z2 	 7.16-7.22 7.19 0.91-0.95 0.93 2-12 560(3367) 12.9
MZAD 	 0.2846-0.2880 0.2863 0.0526-0.0551 0.0539 0.03-0.69 560(3751) 18.8
IWT 	  0.0547-0.0591 0.0569 0.0318-0.0350 0.0333 0.01-0.22 555(837) 58.5
Al 	 13.47-13.71 13.59 3.47-3.65 3.56 0-28 560(3294) 26.2
MAOD 	 0.0880-0.0900 0.0890 0.0316-0.0330 0.0323 0.01-0.24 560(3887) 36.3
TP 	 0.68-0.78 0.73 0.76-0.84 0.80 0.0-4.0 560(814) 109.4
AR 	 82-84 83 16-18 17 25-100 589(682) 20.5
AZMS 	 78-80 79 14-16 15 25-90 554(669) 18.8
MO1 	 7.72-7.94 7.83 1.52-1.67 1.59 3-14 313 (820 ) 20.3
PE-DTZ 	 2.36-2.60 2.48 2.35-2.52 2.43 0-15 313 (1700) 97.8
OA-DTZ 	 1.99-2.09 2.04 1.22-1.30 1.26 0-7 527(2364) 61.9
IA-1)TZ 	 0.34-0.40 0.37 0.61-0.65 0.63 0-4 527(2297) 169.4
PE-D1 	 2.28-2.46 2.37 1.83-1.96 1.89 0-12 313(1630) 79.8
0A-D1 	 1.89-1.97 1.93 1.08-1.14 1.11 0-6 527(2375) 57.5
IA-DI 	 0.27-0.31 0.29 0.49-0.52 0.50 0-3 527(2401) 171.1
PE-PDTZ 	 0.27-0.33 0.30 0.58-0.62 0.60 0-4 313(1618) 197.0
OA-PDTZ 	 0.03-0.05 0.04 0.21-0.23 0.22 0-2 527(2357) 508.9
IA-PDTZ 	 0.00-0.00 0.00 0.02-0.02 0.02 0-1 527(2292) 4787.5
PE-HDTZ 	 0.05-0.07 0.06 0.25-0.27 0.26 0-3 313 (1626) 460.4
0A-HDTZ 	 0.02-0.04 0.03 0.17-0.19 0.18 0-2 527(2367) 579.6
IA-HDTZ 	 0.00-0.00 0.00 0.00-0.00 0.00 0-0 527(2315)
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FIGURE 16. Morphological features of Tabulipora carbonaria from the Wreford Megacclothem shown in oblique sectional view.
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DESCRIPTION OF RECONSTRUCTED
ZOARIUM

Zoarium generally composed of cylindrical, solid, bi-
furcating branches. Each branch made up of elongate,
narrow, tubular zooecia. Zooecia diverging at low angles
from the central axial line of the branch and having thin
walls and very few diaphragms in the inner axial region
(centralmost part of the branch), then bending sharply
outward and upward (distally) from the central axial line
and having thin walls and some diaphragms in the outer
axial region, and finally proceeding outward perpendicu-
larly to the central axial line and having variably thickened
walls and many diaphragms in the peripheral (outermost)
region. TP averaging less than 1 min; AR about 83;
AZMS about 79 0 . Distal growing tips of branches
rounded; remnants of previous growing tips commonly
preserved within axial regions of branches. Secondary
overgrowths (of sanie species) commonly present; some
overgrowths originated from zooecia within zoarium,
other overgrowths originated from larvae settling on zo-
arium. Surface of zoarial branches smooth, irregularly
raughened, or marked by small monticules.

Zoarium consisting cf zooecia and acanthopores but
lacking mesoporcs; therefore, two adjacent zooecia share
a common interapertural or zooecial wall built up by cal-
careous contributions from each zooid.

New zooecia introduced throughout zoarium but most
frequently in outer axial region. Proximalmost part of
zooccium narrow and sharply pointed to broad and
rounded. Zooecia introduced within peripheral region
cNnmonly rather small in diameter, thus resembling meso-
pores upon casual examination.

Zooecial apertures evenly distributed ever zoarium and
not displaying unusual patterns. ZI averaging about 14,
Z2 about 7. Zooecial apertures most commonly elliptical
or irregularly polygonal; zooecial angles sharply angular
to smoothly rounded. Apertures equidimensional to elon-
gated, highly variable in size; MZAD averaging about 0.29
mm. Larger and smaller zooecial apertures intermingled
evenly throughout zoarium except in the few small macu-
lae noted in some zoaria. Intrazooecial space width irregu-
larly variable but essentially the same in the inner axial,
outer axial, and peripheral regions.

Peristomes absent.
Interapertural or zooecial walls, which are essentially

the walls of two adjacent zooecia fused together, straight
to slightly flexuous, thin (0.01 mm. thick) in axial regions,
thin to thick (0.01-0.22 mm.; IWT averaging about 0.06
mm.) in peripheral region. Thin and thick walls dis-
tributed irregularly throughout zoarial peripheral region;
some zooecia have thick walls, others thin walls, and still
others both thick and thin walls. Walls in peripheral re-
gion commonly clearly moniliform, monilae being ringlike
swellings which extend part or all of the way around the

circumference of the zooecium. MO1 averaging about 8;
monilae sparse or absent in axial regions.

Zooecial walls composed of thin (0.001 111111. thick)
laminae, arranged concentrically around the intrazooecial
space or zooecial aperture, and also arranged steeply in-
clined and extending from central part of wall proximally
(downward and inward) to intersect edge of intrazooecial
space; one zooecium may be thought of essentially as a
tube made up of nested, flat-bottomed, paper drinking
cups with the bottoms removed, and with each cup repre-
senting one lamina. Each lamina consisting of a sheet of
minute (0.001 nun, in diameter) clear calcite grains inter-
mingled with dark, opaque (organic?) material in varying
proportions; thus, individual laminae range from light- to
dark-colored. Thin zooecial walls and monilae both com-
posed of the same kind of laminae more easily seen in
thick zooecial walls. Divisional lines, generally dark- but
rarely light-colored relative to rest of zooecial wall mate-
rial, commonly developed in some zooecial walls within
the peripheral or axial regions of many zoaria. Dark-( or
rarely light-) colored granules commonly seen in central
portions of zooecial wall, apparently resulting from excess
amounts of dark opaque material relative to clear calcite
grains in some laminae or from distally directed flexures
(expressed as the low hemispherical protrusions rarely
seen extending above the generally smooth or slightly
roughened distal external surface of the zooecial walls) in
other wall laminae. Secondary zooecial liii ugs (cingula)
absent. Mural pores absent.

Diaphragms crossing zooecial tubes transversely to
zooecial length abundant (PE-DTZ averaging between 2
and 3) and closely spaced (PE-D1 averaging somewhat
more than 2) in peripheral region, where diaphragms are
mostly complete but include some centrally perforated
diaphragms ( PE-PDTZ averaging between 0 and 1) alul
a few hemiphragms or half-diaphragms (PE-HDTZ aver-
aging nearly 0). Diaphragms common (OA-DTZ aver-
aging about 2) and moderately closely spaced (0A-D1
averaging about 2), consisting almost entirely of complete
diaphragms (0A-PDTZ and OA-HDTZ both averaging
around 0), in outer axial region. Diaphragms rare to ab-
sent (IA-DTZ averaging between 0 and 1) and widely
spaced (IA-DI averaging between 0 and 1), consisting
entirely of complete diaphragms (1A-PDTZ and IA-
HDTZ both averaging 0), in inner axial region. Dia-
phragms composed of calcite laminae identical to those
making up zooecial walls but arranged parallel to the
proximal and distal surfaces of the diaphragms. Details of
shape exhibited by diaphragms very varied. hut razooecial
tubes, each a hollow, cylindrical tube composed of lami-
nated calcite, found in a few zooecia of a few zoaria, asso-
ciated with central portions of one or two diaphragms,
and extending essentially parallel to zooecial length.

Mesopores absent.
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Interzooecial vesicles absent.
Mural lacunae absent.
Acanthopores distributed evenly among the zooecia

over the entire zoarial surface, generally located at points
of junction (zooecial angles) of three or more adjacent
zooecia but rarely in the middle of a straight segment of
zooecial wall between successive zooecial angles. Acantho-
pores abundant and appearing at most (2/3 to 6/7) or all
of the zooecial angles of a single zooecial aperture; Al av-
eraging between 13 and 14. Acanthopores forming steep-
sided, high (0.15 mm. above rest of zoarial surface),
conical hills having rounded tops and bases essentially
circular in plan view; acanthopores commonly indenting
outline of zooecial aperture. Diameter of acanthopores
perpendicular to zooecial and acanthopores' length very
variable, increasing markedly from outer axial region up
through peripheral region to zoarial surface; MAOD
averaging about 0.09 mm.

Acanthopores composed of laminae identical to and
grading into those comprising zooecial walls. Small (0.01-
0.03 mm. in diameter) tubular hole or lumen present in
center of acanthopore and extending well down into zo-
arium. In peripheral region and at zoarial surface, lami-
nae dipping steeply away from this tubular hollow (now
filled with clear calcite) and proceeding proximally to-
ward intrazooecial space or zooecial aperture; one acan-
thopore may be thought of essentially as a pile of nested,
conical, inverted drinking cups having a tiny hole cut in
the apex of each cup.

Monticules moderately prominent on some zoaria.
Monticules distributed evenly over entire surface of zo-
arium and having their centers spaced 2 to 5 mm. apart.
Monticules essentially circular in plan view, 1 to 4 mm. in
diameter, rising 0.5 to 1 mm. above zoarial surface to form
low, rounded hills. Monticules composed of 15-100 zoo-
ecia (and their associated acanthopores), which may be
larger or smaller in diameter, and thicker- or thinner-
walled, than those between monticules; monticular zooecia
not consistently different, in tangential or longitudinal
sections, from intermonticular zooecia. Monticules sur-
rounded by zooecia of about the same size as zooecia
father from the monticules.

Maculae very inconspicuous on a few zoaria. Maculae
randomly distributed over zoarial surface and spaced far
apart (only one macula being seen on each of several
zoarial fragments 25 mm. long). Maculae flush with rest
of zoarial surface, circular in plan view and about 1 mm.
in diameter; maculae composed of about 15 to 20 zooecia
with circular, strikingly small zooecial apertures and thick
interapertural walls. Maculae surrounded by zooecia not
noticeably larger than those more distantly removed from
the maculae.

EXTERNAL FEATURES
Zoarium generally ramose, consisting of cylindrical

bifurcating branches (Pl. 2, fig. 1); zoarium rarely en-
crusting, thin, sheetlike (Pl. 2, fig. 17). Each cylindrical
branch consisting of elongate, narrow, tubular zooecia
radiating outward and upward (distally) from the central
axial line of the branch (Pl. 2, fig. 3). Proximal ends of
zoarial fragments always broken off, forming natural
transverse sections. Distal growing tips of branches
rounded or hemispherical (Pl. 2, fig. 10, 11). Branches
usually solid, rarely hollow due to breaking down of thin-
walled axial regions of zooecia (Pl. 5, fig. 1), very rarely
hollow due to zoarium having encrusted cylindrical object
in life (Pl. 5, fig. 2). Outline of transverse sections of
branches generally a circle or ellipse of low eccentricity,
rarely an ellipse of high eccentricity or an irregular oval;
outline less regular in form toward proximal (basal) end
of colony, because of increased number of secondary over-
growths. Mode of branching almost always dichotomous
(Pl. 2, fig. 1), very rarely trichotomous (PI. 2, fig. 14).
Commonly 0, very commonly 1, rarely 2 well-developed
bifurcations shown by single zoarial fragments; commonly
0, 1, or 2, or rarely more, incipient bifurcations also evi-
dent on single zoarial fragments (Pl. 2, fig. 1, 5, 7). Points
of branching generally 10-30 mm., rarely farther, apart.
Most ramose zoarial fragments 3-10 mm. in branch diam-
eter and 5 to 35 mm. in maximum dimension (generally
branch length or height) perpendicular to branch diam-
eter, some as much as 10 to 15 mm. in branch diameter
and 35 to 60 mm. in maximum dimension, one specimen
as much as 23 mm. in branch diameter and 245 mm. in

EXPLANATION OF PLATE 1
(All figures X25 except as stated otherwise)

FIGURES

1-5. Tabulipora carbonaria (WORTHEN, 1875), from calcareous
shales overlying Belleville coal, Pennsylvanian, St. Clair Co.,
Ill. /. Tang, sec. showing large and small zooecial aper-
tures, thin to moderately thick interapertural walls, centrally
perforated diaphragms, and moderately large acanthopores.
Lectotype (Univ. Illinois Paleont. Coll. no. X-279B).--2.
Long. sec, showing thick peripheral region, monilae, and
centrally perforated diaphragms. (Same specimen as I).
 3. External surface showing zooecial apertures, acan-
thopores, and two maculae, X8.3. (Same specimen as 1).

Long. sec. showing secondary overgrowth, monilae,
and both complete and perforated diaphragms. Paralectotype
(Univ. Illinois Paleont. Coll. no. X-279A). 5. Tang. sec.
showing large and small zooecial apertures, thin to moderate-
ly thick interapertural walls, and moderate-sized acanthopores.
(Same specimen as 4.)

6. Tabulipora carbonaria var. conferta (ULRicx, 1890), from
Pennsylvanian at Caseyville, Ill. Tang. sec, showing rounded
zooecial apertures, thin to thick interapertural walls, and
large acanthopores. Holotype (U.S. Natl. Museum no. 43315).
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maximum dimension. Zoaria of encrusting sheetlike form
1 to 2 min. thick and 3 to 10 mm. in diameter in plan
view. Surface of zoarial branches most commonly smooth
(Pl. 2, fig. 2); commonly somewhat irregularly rough-
ened (PI. 3, fig. 6), commonly marked by small low
monticules (Pt 2, fig. 5, 6), rarely cracked (PI. 2, fig. 8),
and rarely bored by other organisms (Pl. 2, fig. 12).

New zooecia introduced in peripheral region com-
monly visible as smaller-than-average zooecial apertures
(Pl. 2, fig. 12).

Zooecial apertures distributed evenly and showing no
peculiar pattern of distribution over zoarial surface (Pl.
2, fig. 2). Shapes of circumferences of apertures most
commonly irregular 4- to 6-sided polygons, less commonly
irregular 7-sided polygons, regular 6- and 5-sided poly-
gons, squares, triangles, ellipses, and circles (Pl. 2, fig. 2,
6, 13). Zooecial angles sharply angular to smoothly
rounded (Pl. 2, fig. 2, 13). Zooecial apertures most com-
monly essentially equidimensional but less commonly
elongated greatly; size of apertures highly variable (0.1-
0.6 mm. in diameter), larger and smaller apertures inter-
mixed evenly over zoarial surface (Pl. 2, fig. 12) except in
a few small maculae developed on some zoaria.

Peristomes absent (Pl. 2, fig. 13, 15).
Interapertural or zooecial walls very thin (0.01 mm.)

to very thick (0.22 mm.). Thin and thick walls com-

monly occurring together on opposite walls of the same

zooecium (PI. 2, fig. 12); thin or thick walls not restricted

to particular areas on zoarial surface, although many

zoaria show small areas in which all the interapertural

walls tend to be thicker or thinner than average (some of
these small areas form monticules, others do not) (PI. 2,
fig. 2, 13). Distalmost surface of interapertural walls
variously ornamented, being smooth, irregularly rough-
ened but of low relief, or hummocky with several low
(0.01 min. high) hemispherical hills or granules protrud-
ing above rest of wall surface between adjacent zooecial
angles (PI. 2, fig. 2). Monilae rarely evident as ringlike
swellings extending around circumference of zooecia just
below zoarial surface.

Diaphragms rarely visible as calcareous plates extend-
ing entirely or partly across a zooecium just below the
zoarial surface.

Mesopores absent.
Interzooecial vesicles absent.
Acanthopores generally located at zooecial angles, that

is, at points of junction of three or more adjacent zooecia,
rarely between successive zooecial angles along straight
segment of interapertural wall between two adjacent
zooecia. Acanthopores distributed evenly among the
zooecia over the zoarial surface (Pl. 2, fig. 2, 6). Acantho-

EXPLANATION OF PLATE 2

IGUR ES

1-17. Talmlipora carbonaria from Wreford Megacyclothem, Lower
Permian, Kansas. I The morphotype (with author's Wretord
collection symbols) are given for each specimen illustrated in
Plates 2-9, as are the rock type, stratigraphie horizon, and
locality from which each specimen was collected.] 1. Zoar-
ial fragment, showing ramose growth form and one well

 bifurcation; X1.2. NI morphotype (GE17(17)-bf-
PL.-40( 1). Calcareous shale, middle Schroyer, loc. GE17.--
2. External surface sluiwing comparatively smooth zoarial
surface, smooth to (lower right) slightly granu lose interaper-
tural walls, and low, hemispherical acanthopores; X4.1. NI
morphotype (GE17(17)-bf-PL-4001). Calcareous shale, mid-
dle Schroyer, loc. GE 17. 3. Zoarial fragment showing zo-
oecia radiating upward and outward from central axial line
branch; XI.2. 1-IC morphotype (CY36C(top)-p-PC-4001).
Cherty limestone, upper Threemile, loc. CY3 (e.  Zoarial
fragment showing thin peripheral region; XI.2. C11 morpho-
type (MS211)a--F-b-p-PR-4002). Cherty limestone, lower
Schroyer, loc. MS21. 5. Unbranched zoarial fragment
showing very low monticules; XI.2. CG morphotype
(CH241)(float)-p-PC-4038). Calcareous shale, upper Havens-
ville, loc. CH24.-6. External surface showing very low
monticule and large, hemispherical acanthopores; X4.1. CG
morphotype (CH24D(float)-p-PC-4038). Calcareous shale,
upper Havcnsville, loc. CH24.-7. Zoarial fragment show-
ing ramose growth form and two well-developed bifurcations;
X1.2. PB morphotype (MS21C-bsf-PL-4004). Calcareous
shale, lower Schroyer, Inc. MS21.-8. Zoarial fragment
showing cracked zoarial surface; X1.2. PC morphotype

(GE13E-bf-PL-4004). Calcareous shale, lower Havensville,

CE 13. 9. External surface showing incipient branch

(left) resembling large monticule; X4.1. CC morphotype

(GE30E-bf-PR-4004). Calcareous shale. middle Schroyer, loc.

GE:30. 10 11. External surface of distal growing tip of

zoarial branch fragment; X4.1. Cli morphotype (MS06E

(float)-p-PC-4037). Calcareous shale, upper Havcnsville, Inc.

MS06.--12. External surface shinving small and large

zooecial apertures, thin to thick mterapertural walls, low
acanthopores (rarely with depression at summit). and elongate
boring (left center); X4.1. PR morphotype (MS05E(float)-p-
PC-4007). Calcareous shale, upper Havensville, loc. MS05.
 13. External surface showing thin-walled zooecia and
aeanthopores abraded flush with rest of zoarial surface;
X4.1. PB morphotype (MS05E(float)-p-PC-4007). Calcareous
shale, upper Havensville, lo c. MS05. Id. Zoarial fragment.
showing ramose growth form, one well-developed bifurcation,
and one trifurcation; XI.2. P11 morphotypc (C11241)(float)-
p-PC-4023). Calcareous shale, upper Havensville, loc. CH24.
 15. External surface showing small macula (upper left);
X8.3. 1)11 morphotype (GE30G-bf-PR-4018). Calcareous
shale, upper Havensville, loc. GE30. 16. External surface
showing min inticule (right center) with depression in summit;
X4.1. Pli morphotype (MS05E(float)-p-PC-4007). Calcareous
shale, upper Havensville, loc. MS05.-17. Zoarial fragment
showing flattened, encrusting. sheetlike growth form; X8.3.
(GE30G-bf-PR-3001). Calcareous shale, upper Havensville.
loc. GE30.
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pores abundant and located at most (2/3 to 6/7) or all of
the zooecial angles of a zooecial aperture. Acanthopores
of variable appearance; where preservation of zoarial sur-
face features is good, acanthopores are high (as much as
0.15 mm. above rest of zoarial surface), steep-sided, solid,
conical hills having a broadly or sharply rounded top and
possessing a base which is essentially circular and averag-
ing about 0.1 mm. in diameter in plan view (Pl. 3, fig. 3).
Where preservation poorer, acanthopores more variable,
ranging from low, rounded, hemispherical hills (Pl. 2, fig.
2, 6), to low hills having a conspicuous pitlike depression
at their summits (Pl. 2, fig. 12), to circular areas flush
with the rest of the zoarial surface (Pl. 2, fig. 13).

Monticules moderately conspicuous on some zoaria,
distributed evenly over entire zoarial surface and having

their centers spaced 2 to 5 mm. part. Monticules roughly
circular in plan view, 1 to 4 mm. in diameter, forming
low ( rising about 0.5 to 1 mm. above general level of
zoarial surface), rounded hills (Pl. 2, fig. 5, 6; Pl. 3, fig.
7). Monticules composed entirely of zooecia (and asso-
ciated acanthopores) which may average either larger or
smaller in diameter than those of rest of zoarial surface;
15 to IOU zooecia in each monticule; interapertural wall
thickness of monticular zooecia may average more or less

than that of intermonticular zooecia. Monticules sur-
rounded by zooecia of essentially the same size as those
located farther away from monticule. Rarely a small de-
pression, in which the zooecia are noticeably elongated,
thin-walled, and arranged radially, present at the summit
of a monticule (Pl. 2, fig. 16). Rarely incipient branches
of the zoarium (Pl. 2, fig. 9) very similar in appearance
to large monticules.

Maculae randomly distributed over zoarial surface in

a few specimens; maculae quite widely spaced, only one

macula seen on several zoarial branch fragments 25 mm.

in length. Maculae flush with rest of zoarial surface, very
inconspicuous, circular in plan view and about 1 mm. in
diameter, composed of about 15 to 20 zooecia having
much smaller diameters and apparently thicker walls than
zooecia in remainder of zoarium (Pl. 2, fig. 15). Maculae
surrounded by zooecia of essentially the same size as those
more distant from the maculae.

TANGENTIAL SECTION

New zooecia introduced in peripheral region com-
monly visible as zooecia much smaller than average in
diameter; these zooecia resemble mesopores upon casual

inspection (Pl. 6, fig. 6).
Zooecial apertures distributed evenly throughout sec-

tion (Pl. 4, fig. 2-4). Z1 averaging about 14, Z2 about 7
(Table 6). Apertures variable in shape, the most com-
monly encountered shapes being ellipses and irregular
4- to 6-sided polygons, and less common shapes being
circles, triangles, squares, rhombs, regular 5- and 6-sided
polygons, and irregular 7-sided polygons (Pl. 4, fig. 2-4).
Zooecial angles sharply angular to smoothly rounded in
shallow tangential sections (Pl. 6, fig. 6), sharply angular
in deep tangential sections (Pl. 6, fig. 7). Zooecial aper-
tures more or less equidimensional in shallow sections
(Pl. 6, fig. 6), equidimensional to greatly elongated in
deep sections (Pl. 6, fig. 7). Size of zooecial apertures
highly variable; MZAD averages about 0.29 mm. (Table
6). Larger and smaller zooecial apertures intermingled
in essentially the same proportions throughout section
(Pl. 4, fig. 2) except in a few maculae seen in some zoaria.

EXPLANATION OF PLATE 3

FIGURES

1-13. Tabulipora carbonaria from Wreford Megacyclothein, Lower

Permian, Kansas.	 1. External surface showing moderately

thick-walled zooecia and low acanthopores; x4.1. PI) mor-

photype (CHI9A-bf-PR-4001). Calcareous shale, upper

Havensville, loc. CH19. 2. Zoarial fragment showing

ramose growth form and one well-developed bifurcation;

XL2. BD morphotype (CH19A-bf-PR-4001). Calcareous

shale, upper Havensville, loc. CH19.- 3. External surface

showing high, conical acanthoporcs; X5.8. PD morphotype

(CH 19A-bf-PR-4001). Calcareous shale, upper Havensville,

loc. CFI l9.-. Lxtirnal surface showing zooecia which

have grown into a monticule with a hollow, tubular center;

X4.1. PD morphotypc (CH19A-bf-PR-4001). Calcareous

shale, upper Havensville, loc. CHI9. 5. Tang. sec. of very

young zoarium (EH stage); X25. ( BUO4P-p-PR-3000I).

Calcareous shale, middle Schroyer, loc. 11U04. 6. External

surface showing comparatively rough zoarial surface; X4.1.

PII morphotvpe (GE16G-Hd-bf-PL-4001). Calcareous shale,

lower Haven'sville, loc. GE 16. 7. External surface showing

Prominent monticule; X8.3. PC morphotype (CH 2 4D(t013) -

bf-PR-4007). Calcareous shale, upper Havensville, Inc.

CH24. 8. Zoarial fragment showing (above) outer surface

of outer axial region with acanthopores projecting promi-

nently and (below) natural longitudinal section of peripheral

region; X4.1. (MS22E+F-p-PR-4003). Cherty limestone,

upper Threemile, loc. MS22. 9. Tang. sec, of very young

zoarium (EH stage); X25. (RY04L-bsf-PR-30001). Molluscan

limestone, lower Havensvillc, loc. RY04. /O. External

surface of very young zoarium (EH stage); X4.1. (MSO8C-

bsf-PL-30001). Calcareous shale, upper Speiser, loc. MS08.

 11. Tang. sec. showing macula containing strikingly small

zooecial apertures and thick interapertural walls; X25. pH
morphotype (GE30G-bf-PR-4032). Calcareous shale, upper

Havensville, loc. GE3O. 12. External surface of very young

zoarium (EH stage); X4.1. (GEI8(17)-bsf-PL-30001). Cal-

careous shale, middle Schroycr, loc. GE18.-13. Long. sec.

showing hemiphragm (bottom center), centrally perforated

diaphragms which have been secondarily closed over (upper

left), and monilae cut both perpendicularly and at low angles

by plane of thin section; X25. PB morphotype (GE16G-Hd-

bf-PL-4001). Calcareous shale, lower Havensville, loc. GE16.
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Interapertural or zooecial walls made up of calcareous
material contributed by adjacent zooids; thus no space
exists between zooecia, and the diameter of the outer cir-
cumference of a zooecium can not be measured precisely.
Walls very thin to very thick; IWT averaging about 0.06
min. (Table 6); walls tending to be thin in deep, and thin
to thick in shallow, tangential sections (Pl. 6, fig. 6, 7).
Distribution of thin and thick interapertural walls irregu-
lar; some areas of a section have mostly thick walls (Pl. 8,
fig. 4), other areas have mostly thin walls (Pl. 8, fig. 3),
and still other areas have both thin and thick walls de-
veloped on opposite sides of the same zooecial aperture
(Pl. 4, fig. 3). Monilae evident by their effect upon wall
thickness; thick walls represent sections cut through cen-
ter of monila, thin walls sections through thin wall be-
tween successive monilae, and walls thick at one end and
becoming thin at other end sections through a monila
in to the plane of section.

Interapertural wall cionposed of thin laininae, ar-
ranged concentrically around the zooecial aperture (Pl. 4,
fig. 7). Individual laminae thin (about 0.001 min. thick),
generally evenly curved but rarely somewhat flexuous,
light-colored and highly translucent to mottled to dark-
colored and nearly opaque; in some very well-preserved
specimens, individual laminae can be seen to consist of
minute (0.001 mm. in diameter) calcite grains inter-
mingled with sonic dark, opaque (organic?) material.
Central portion (hyaline area of BOARDMAN, 1960, p. 27,
28) of interapertural wall commonly lighter in color
than portions adjacent to zooecial apertures. Central por-
tion generally obviously laminated under high magnifica-
tions although rarely composed only of very tiny grains;
this latter situation results from the wall laminae lying
parallel to the plane of the thin section and thus only the
minute calcite and opaque grains which make up the
laminae are seen (BOARDMAN, 1960, P. 27-29). Thin inter-
apertural walls, seen especially commonly in deep tangen-
tial sections, apparently dense, opaque, and homogeneous
under low magnification (X50) but under high magnifi-

cation (X200, X450) having exactly the same laminated

microstructure as the more easily studied thicker walls.

Divisional line or line of demarcation within zooccial

wall between two adjacent zooecial apertures often visible,

and either lighter- or darker-colored than rest of wall

material; that is, sonic interapertural walls amalgamate

and others integrate. Light-colored divisional line merely

very thin central or hyaline area of interapertural wall

(Pl. 6, fig. 4). Dark-colored divisional lines more com-

monly seen than light-colored ones; generally consisting
of a dark-colored line, straight to slightly flexuous, very
obscure to prominent, less than 0.01 nun. wide (Pl. 4,
fig. 7). Dark-colored divisional lines rarely composed of a
series of closely spaced, dark-colored, very small ( less than
0.01 mm. diameter) dots. Divisional lines, particularly
dark-colored ones, found in thin (0.01 nun, thick) as well
as thick intcrapertural walls, as can he sec-is under high
magnifications. Distribution of divisional lines erratic;
different interapertural walls within the same zoarium
may possess no divisional lines, light-colored divisional
lines, or dark-colored divisional lines.

Granules, consisting of circular to oval areas 0.005-0.05
111111. in diameter and made up of intermingled clear cal-
cite grains and dark, opaque (organic?) material, com-
monly seen in central parts of interapertural walls (Pl. 4,
fig. 7). Number of granules between successive zooecial
angles variable (1 to 15). Granules developed in both
thick and thin, but not in the thinnest (0.01 nun. thick)
interapertural walls; granules very rarely slightly inflect-
ing aperture but generally situated well within wall. Due
to variable proportions of clear grains and dark opaque
grains, granules rarely lighter-colored but much more
commonly darker-colored than rest of interapertural wall.
Granules generally entirely composed of tiny grains but
rarely outermost parts indistinctly and concentrically
laminated about central grainy region of granule. Centers
of granules solid, not hollow, unlike centers of acan-
thopores.

EXPLANATION OF PLATE 4

(All figures X25 except as stated otherwise)

FIGURES

1-7. Tabulipora carbonana, Pli morphotype (CY321:c-p-PR-4001).

Cherty limestone, lower Threemile, loc. CY32. /. Zoarium

embedded in limestone matrix; positions of branches as out-

line; 10-inch scale below; X0.4.-2. Tang. sec, showing

polygonal, angular zooecial apertures, thin interapertural

walls, and small acanthopores; slide 4001C=15) made

from distal growing tip of zoarial branch. 3. Tang. sec,

showing rounded to angular zooecial apertures, thin to thick

interapertural walls, diaphragms cut obliquely (lower left),

centrally perforated diaphragm (top center), and large acan-

thopores; slide (4001F=36) made from proximal portion of

zoarial branch.---4. Tang, sec. showing rounded zooecial

apertures, thin to thick interapertural walls possessing both

granules and dark-colored divisional 1Mes; slide (4001E=33)

made from near proximal end of zoarial branch. 5. Long.

sec. showing thick peripheral region, newly introduced zo-

oecium (upper left), monilae, complete diaphragms, and acan-

thopores; slide (4001F=36) made from pntximal mgtion of

zoarial branch. 6. Long. sec, showing thin peripheral

region and diaphragms only 1/3 of a zooceial diameter below

zoa rial surface; slide (4001C=15) made from distal growing

tip of zoarial branch. 7. Tang. sec, showing rounded

zooecial apertures, interapertural walls possessing dark-colored

divisional lines and granules, interapertural wall laminae, ami

large acanthopores; slide (4001E=33) made from near prox-

imal end of zoarial branch; X75.
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Secondary zooecial linings (cingula) absent; the con-
spicuously laminated material immediately adjacent to the
zooecial apertures consists of primary laminae cut nearly
perpendicularly by the thin section, and the material in
the central part of the interapertural walls consists of pri-
mary laminae cut at low angles by the section (5, p. 27-
29). A zone of lighter-colored laminae found around a
few apertures, in a few zoaria, on apertural side of the
conspicuously laminated tissue normally immediately ad-
jacent to the zooecial aperture; this lighter-colored ma-
terial is apparently the distalmost outer edge of a concave
diaphragm the depressed central region of which fell
below the plane of the thin section.

Interapertural wall lacking mural pores.
Diaphragms visible as calcareous material filling part

or all of a few zooecial apertures. When plane of section
cuts diaphragm somewhat obliquely, diaphragm visible as
a broad, indistinctly bounded, linear band crossing zo-
oecial aperture (Pl. 4, fig. 3). When plane of section cuts
parallel to and through diaphragm, diaphragm visible as
comparatively light-colored calcareous material complete-
ly or partly filling zooecial aperture. Such calcareous
material in some zooecia concentrically laminated about
central point of zooecium (presumably such represents
diaphragm which is concave or convex and thus the plane
of section cuts the laminae comprising it obliquely) and
in other zooecia composed only of very tiny calcite grains
(presumably such represents diaphragm laminae cut
parallel to plane of section). Complete diaphragm visible
as calcareous material completely filling zooecial aperture
(Pl. 7, fig. 6). Centrally perforated diaphragm shown as
calcareous material filling all but the central portion of
and extending around entire circumference of zooecial
aperture (Pl. 4, fig. 3). Diameter of central perforation
ranging from 10 to 90 percent of that of the zooecial aper-
ture; central perforation located centrally or excentrically
within zooecial aperture. Boundary between central per-
foration and diaphragm material very indistinct in some

apertures, but very sharply distinct in other apertures.
Diaphragms having large central perforations possibly
mistakable for secondary zooecial linings upon casual
examination. Hemiphragms visible as calcareous material
filling part of and extending only part-way around cir-
cumference of zooecial aperture (Pl. 7, fig. 8). Intra-
zooecial tubes very rarely visible as a thin, hollow ring of
concentrically laminated calcite located out in middle of
zooecial aperture and away from interapertural wall (PI.
7, fig. 7).

Mesopores absent.
Interzooecial vesicles absent.
Mural lacunae absent; however, in deep tangential

sections, some acanthopores could possibly be mistaken
for mural lacunae.

Acanthopores distributed evenly among the zooecia
throughout the thin section, generally located at the
zooecial angles where three or more adjacent zooecia come
together (Pl. 4, fig. 2-4) but very rarely located in middle
of straight portion of interapertural wall between succes-
sive zooecial angles. In deep tangential sections cutting
through base of secondary overgrowths, acanthopores be-
longing to underlying peripheral region appearing out in
zooecial aperture and not connected or connected by only
a thin calcareous plate to interapertural wall (Pl. 6, fig.
2). Acanthopores abundant and found at most (2/3 to
6/7) or all of the zooecial angles of one zooecial aperture;
Al averages between 13 and 14 (Table 6). Outer circum-
ference of acanthopores generally a circle or ellipse of low
eccentricity. Acanthopores markedly to not at all indent-
ing outline of zooecial aperture; that is, acanthol)ores
highly to not inflecting (Pl. 4, fig. 3). Size of acantho-
pores highly variable; MAOD averaging about 0.09 mm.;
acanthopores tending to be smaller in deeper tangential
sections (Pl. 6, fig. 6, 7).

Large, well-developed acanthopores obviously com-
posed of laminae, identical to those comprising zooecial
interapertural walls but arranged concentrically around

EXPLANATION OF PLATE 5

FIGURES

1-6. Tabulipora carbonar:a from Wreford Megacyclothem, Lower

Permian, Kansas. 1. Long. sec, showing zoarial b-anch

with mud-filled hollow center resulting from break-up of

thin-walled zooecia of inner axial region; X25. PB morpho-

type (PT16Da-bf-PR-4002). Calcareous shale, middle Schroy-

er, loc. PT16.-2. Long. sec. showing zoarial branch with

mud-filled hollow center resulting from zooecia having en-

crusted a tubular structure (possibly a worm tube) ; X25.

HG morphotype (CH24D(float)-p-PC-4036). Calcareous

shale, upper Havensville, loc. CH24. 3. Long. sec, show-

ing remnant of previous growing tip; peripheral, outer axial,

and inner axial regions; intrazooecial tube (lower left); cen-

trally perforated diaphragm (left center); and centrally per-

forated diaphragms which have been secondarily closed over

(upper left) ; X25. PB morphotype (GEO2C( float) -p-PC-

4001). Calcareous shale, middle Schroyer, loc. GE02.-4.

Long. sec, showing zooecial wall laminae, monilae, and dia-

phragms; X 75. Pli morphotypc (CY20Ha+b-p-4002 ). Algal

limestone, upper Havensville, loc. CY20. 5. Long. sec.

showing zooecial wall laminae, central! y perforated dia-

phragms which have been secondarily closed over, and acan-

thopores; X 75. PB morphotype (CY20Ha+b-p-PR-4002 ).

Algal limestone, upper Havensville, loc. CY20.--6. Long.

sec, showing secondary overgrowth originating within same

zoarium, monilae, zooecial wall laminae, and acanthi pores;

X25. P11 morphotype (CY20Ha+b-p-PR-4002 ). Algal lime-

stone, upper Havensville, loc. CY20.
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central point of acanthopore (Pl. 4, fig. 7; Pl. 8, fig. 7).
Central part of acanthopore a circular or triangular hole
(now filled with clear sparry calcite) 0.01-0.03 mm. in
diameter and rimmed by a very thin zone (about 0.001
mm. thick) of dark-colored laminae. Outer circumfer-
ence of acanthopore also rimmed by very thin zone of
dark-colored laminae which separates acanthopore tissue
from that of interapertural wall. Central aperture of some
acanthopores filled completely with dark-colored, opaque
(organic?) material and appearing as a circular or tri-
angular, black dot. Outer zone of dark laminae absent in
some acanthopores. Divisional line in interapertural wall
most commonly ends at outer zone of dark laminae of
acanthopore (Pl. 4, fig. 7); less commonly, divisional line
penetrates into acanthopore part-way to center of acan-
thopore (Pl. 4, fig. 7). Positions of a few acanthopores
occupied by aggregates of small dark-colored granules
like those commonly seen in central parts of interaper-
turd walls. In sections which cut zooecia obliquely, acan-
thopores visible as long, irregularly oval areas. In deeper
tangential sections, acanthopores much smaller and ap-

pearing as small, dark-colored, opaque dots, or as small
(lots composed of moderately light-colored, translucent,
concentric laminae surrounded by a very thin zone of

dark-colored laminae, or as small (lots consisting of a
central hole now filled with clear calcite surrounded by a

very thin zone of dark-colored laminae (Pl. 9, fig. 2).
Monticules not distinguishable from intermonticular

areas unless monticules noted externally are followed
down into zoarium by serial tangential (cellulose acetate)
sections; then monticules are seen to consist of zooecia

averaging larger or smaller in diameter and thicker- or
thinner-walled than those between monticules, and are
flanked by zooecia of alxmt the same size as zooecia far-

ther removed from the monticules (Pl. 6, fig. 5; Pl. 9,
fig. 6). Some areas within some thin sections composed

of zooecia predominantly somewhat larger or smaller
than usual, but these areas are not expressed topographic-
ally in any consistent manner.

Maculae seen in a few tangential sections. Maculae
circular in outline, about 1 mm. in diameter, composed
of about 15 to 20 zooecia with circular, unusually small
zooecial apertures and thick interapertural walls (Pl. 3,
fig. 11). Maculae surrounded by zooecia not significantly
larger than those farther away from the maculae.

TRANSVERSE SECTION

In general, peripheral region appearing much as in
longitudinal sections, and axial regions appearing much
as in deep tangential sections.

Remnants of previous growing tips visible in axial
regions of a few transverse sections.

Cut ends of zooecia in axial regions appearing as reg-
ular and irregular 3- to 9-sided polygons, including a few
squares or rhombs; zooecial angles sharply angular (Pl.
9, fig. 7). Diameter of zooecia in axial region very vari-
able (0.02-0.50 mm.).

Interapertural or zooecial walls in axial regions uni-
formly thin (0.01 min. wide) and possessing same micro-
structure seen in thin-walled zooecia in tangential section
(Pl. 9, fig. 7).

Diaphragms cut obliquely by plane of thin section in

outer axial region visible as broad, ill-defined bands ex-
tending across polygonal zooecia (Pl. 9, fig. 7).

Mesopores absent. Interzooecial vesicles absent. Mural
lacunae absent.

Acanthopores appearing at most zooecial angles in
axial regions; acanthopores resemble those seen in deep
tangential sections (Pl. 9, fig. 7).

Monticules appearing as in longitudinal sections.
Maculae not visible.

EXPLANATION OF PLATE 6
(All figures X25)

FIGURES

1-7. Tabulipora carbonaria from Wreford Megacyclothem, Lower

Permian, Kansas. I. Very shallow tang. sec, through mon-

ticule with depression in summit. OC morphotype (MS06E

(floaD-p-PC-4012). Calcareous shale, upper Havensville, loc.

MS06. 2. Deep tang, sec, through proximal (basal) part

of ticcondary overgrowth, showing elongated and angular

zooecial apertures and thin interapertural walls of over-

growth, and large acanthopores (belonging to underlying

peripheral regit)n) located within zooecial apertures. PI

morphotype (CH240(float)-p-PC-4008). Calcareous shale,

upper Havensville, loc. CH24. 3. Tang. sec, showing thin-

walled zooecia forming common wall around boring. OC

morphotype (MS06E(floaD-p-PC-4012). Calcareous shale,

Upper Havensville, loc. MS06. .4. Tang. sec, showing

rounded zooecial apertures, thick interapertural walls possess.

ing both light- and dark-colored divisional lines, and large

acanthopores. CD morphotype (GEO2C(float)-p-PC-4002).

Calcareous shale, middle Schroyer, loc. C1.02.-5. Mod-

crate) s - shallow tang. sec. showing monticule (upper half of

field) and mtermonticular area (lower hall of field). OC

morphotype (MS06E(float)-p-PC-4012). Calcareous shale,

upper Havensville, loc. MS06. 0. Shallow tang. sec. show-

ing rounded zooecial apertures of various sizes, thin to thick

interapertural walls, and large acanthopores. Cl) morphotNpe

(MS06E(floaD-p-PC-4045). Calcareous shale, upper Havens-

ville, loc. MS06. 7. Deep tang. sec. shoving elongated,

polygonal zooecial apertures, thin interapertural walls, very

small and obscure acanthopores. CI) ni orphotype (MS06E

(float)-p-PC-4045). Calcareous shale, upper Havensville, loc.

MS06.
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LONGITUDINAL SECTION
Zoarial branches each readily divisible into three zones

or regions arranged concentrically about central axial line
of branch (Pl. 5, fig. 3; PI. 8, fig. I); inner axial region
surrounded by outer axial region, in turn surrounded by
peripheral region. (Inner axial region plus outer axial
region together synonymous with immature region,
neanic zone, and endozone of various authors; peripheral
region synonymous with mature region, ephebic zone,
and exozone.) Inner axial region characterized by zooecia
diverging at low angles (0-30 0 ) from central axial line of
branch, zooecial walls very thin, and diaphragms very
few and widely spaced. Zooecial walls in inner axial
region rarely fragmented and lying close together; this
condition is due to crushing caused by postdepositional
compaction of the enclosing sediment. Outer axial region
characterized by zooecia bending sharply outward away
from central axial line of branch, zooecial walls thin,
and diaphragms common and moderately closely spaced.
Peripheral region characterized by zooecia completely
turned away from (essentially perpendicular to) central
axial line of branch, zooecial walls variably thickened
and beaded ( moniliform), and diaphragms—including a
few centrally perforated diaphragms and hemiphragms in
addition to complete diaphragms—abundant and closely
spaced. TP and AR both highly variable (Table 6);
peripheral region averaging less than 1 mm. thick, and
axial ratio averaging around 83. AZMS averaging about
79 0 (Table 6); in zoarial fragments having well-devel-
oped peripheral region, AZMS high (approximately 90°),
but in fragments lacking peripheral region, such as those
near the distal growing tips of many branches, AZMS
low (about 30-60 0 ).

Zones of very closely spaced diaphragms and unusual-
ly thickened zooecial walls within peripheral region, re-
ported in other trepostome species by various workers, not
seen in any of the Wreford Tabulipora carbonaria speci-
mens studied. Remnants of previous growing tips com-
monly visible in inner and outer axial regions (Pl. 5, fig.
3) and consisting of thin—about 0.3 mm. wide—crescen-
tic bands, (concentric within and convex toward the pres-
ent distal growing tip), within which zooecial walls are
thickened and beaded, acanthopores are commonly well
developed, and several closely spaced diaphragms are
generally present. Generally fewer than 5, but rarely up
to 12, previous growing tips present within a single
zoarial fragment. Previous growing tips generally spaced
5 to 40 mm. apart along zoarial branch.

Secondary overgrowths of the same species commonly
developed external (distal) to an earlier-formed periph-
eral region (Pl. 7, fig. 10). Single zoarium containing 0
to as many as 6 distinct, successive overgrowths. Each
overgrowth generally 0.25 to 2 mm., rarely as much as 11
mm. thick. Each secondary overgrowth consisting of a
layer of zooecia which have the characteristics of zooecia
in the peripheral region from the outer zoarial surface
nearly down to the proximal (inner) base of the layer,
where the zooecia become thin-walled, lack diaphragms,
and bend sharply through 90° to become parallel to the
basal surface of the layer. Basal surface of secondary
overgrowth formed by the proximal walls (of the prostrate
zooecia) coalescing into a continuous sheet or basal
lamina 0.01-0.02 mm. thick and fitting snugly into irregu-
larities of the former outer zoarial surface below (prox-
imal to) the secondary overgrowth. Some secondary
overgrowths showing no relation to zooecia of the under-

EXPLANATION OF PLATE 7
(All figures X 25 except as stated otherwise)

IGUR ES

1-10. Tabnlipora carbonaria from Wreford Megacyclothem, Lower
Permian, Kansas. /. Tang. sec, showing thin-walled zo-
oecia which have filled an elongate boring. HB morphotype
(CH44D(float)-p-PC-4002). Calcareous shale, upper Havens-
ville, loc. CH44. 2. Long. sec, showing intrazooecial tube
(center); X75. Pli morphotype (CH24D(float)-p-PC-4006B).
Calcareous shale, upper Havensville, hic. CH24.--3. Long.
sec, showing darker-colored areas within zooecial wall lami-
nae; X75. PG morphotype (LY03C-bsf-PL-4001). Calcareous
shale, upper Speiser, loc. LY03.-4. Long. sec, of distal
growing tip of zoarial branch; note absence of peripheral
region. CC morphotype (GE17W-bf-PL-400 I ). Calcareous
shale, lower Havensville, loc. GE17. 5. Long. sec, show-
ing flexuous laminae of monilae; X75. Hi morphotype
(GE30G-bf-PR-4009). Calcareous shale, upper Havensville,
loc. GE30. 6. Tang. sec. showing complete diaphragm

filling zooecial aperture in center of field. PD morphotype
(GR01I-p-PC-4006). Calcareous shale, lower Havensville,
loc. GROI. 7. Tang. sec, showing intrazooecial tube
within zooecial aperture (center zooecium). PC morphotype
(PT16Db-p-PR-5001). Calcareous shale, middle Schroyer, loc.
PT16.-8. Tang, sec, showing hemiphragm in zooecial
aperture just above center of field. HB morphotype (MLO3R-
Sd-bf-PR-4018). Calcareous shale, lower Havensville,
ML03. 9. Long. sec, showing monticule on secondary
overgrowth developed over monticule on underlying zoarial
branch. PB morph 'type (MS06E(float)-p-PC-4017). Cal-
careous shale, uppr Havensville, loc. MS06. 1 0. Long.
sec. showing two superposed secondary overgrowths on under-
lying zoarial branch, and zooecia lacking diaphragms. OC
morphotype (MLO3R-Sd-bf-PR-4010). Calcareous shale, lower
Havensville, loc. ML03.
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lying peripheral region and presumably descended from

a larva which settled on the full-grown zoarium (Pl. 7,

fig. 10). Other secondary overgrowths originating from

zooecia more proximally located on the zoarial branch;

basal lamina of such overgrowths ends proximally by

simply abutting against a more proximally located

zooccium (Pl. 5, fig. 6); this kind of overgrowth com-

monly extends distally, passing into previous growing tip

remnants or the present growing tip much farther up

the branch.

Intrcduction of new zooecia as illustrated (Pl. 8, fig.

2); new zooecium inserted between two adjacent older

zooecia as shown by bifurcation of zooecial wall separat-

ing the two zooccia proximally to the new zooecium.

Zooccial walls forming proximalmost part of new zooe-

cium diverging at low angle (forming a narrow, sharply

pointed, deep cup) or at high angle (forming a broad,

rounded, shallow cup). Some new zooecia introduced in

inner axial region; many introduced in outer axial region;

a few introduced in peripheral region, these last com-

monly remaining comparatively small in diameter (as

shown also by examination of serial tangential sections)

while passing outward (distally) to zoarial surface, and

thus these zooecia simulate mesopores upon casual exam-

ination. Rarely, a single zooecium traceable and its mor-

phologic changes observable from point of introduction

in inner axial region, through outer axial region and

peripheral region, to zoarial surface.

Intrazooecial space (the distalmost part of which, at

the zoarial surface, is the zooecial aperture) irregularly

variable in width, mainly because the zooecium is not

precisely parallel to the plane of the longitudinal section

but intersects it both off-center and on-center at various

parts of its length. Intrazooecial space width commonly

reduced immediately distally from point of introduction

of new zooecium adjacent to it (PI. 8, fig. 2). Intrazooe-

cial space width not strikingly and consistently changing

as zocecium passes from inner axial through outer axial

into peripheral region.

Zooecial or interapertural wall of very variable thick-

ness in longitudinal section, because the plane of the

longitudinal section may cut the wall at low angles, as

well as perpendicularly. Where cut perpendicularly, zooe-

cial walls straight to slightly flexuous, thin (0.01 111111.

thick) in inner and outer axial regions, thin (0.01

thick) to very thick in peripheral region, and very com-

monly thickening abruptly upon passing from outer axial

into peripheral region (Pl. 5, fig. 6; Pl. 8, fig. 1). Walls

in peripheral region uniformly thin, uniformly thick, or

markedly beaded (moniliform) (Pl. 5, fig. 6). Monilae

circular to elongately elliptical to sausage-shaped, com-

monly separated by portions of zooecial walls which are

thin and resemble closely the zooecial walls throughout

the axial regions (Pl. 4, fig. 5). Successive monilae com-

monly slightly to nearly completely coalesced. Individual

monilae commonly recognizable on opposite walls of a

single zooecium, commonly not (Pl. 5, fig. 6). Monda:

abundant and well developed in thicker peripheral regions

(M01 averaging about M. Tahle 6), sparse or not de-

veloped in very thin peripheral regions (less than 0.25

mm. thick), commonly present but poorly developed in

outer axial region, and absent in inner axial region (PI.

5, fig. 6; PI. 8, fig. 2). Length of monilae measured

parallel to zooecial length very variable (0.02-0.60 min.).

Zooecial wall composed of thin (0.001 mm. thick)

laminae, steeply inclined and running from edge of one

intrazooecial space up toward central part of zooecial wall

as they proceed distally toward outer surface of zoarium,

then bending gently or sharply through an arc of about

120 ° in central part of wall, and then becoming steeply

inclined again and running from central part of zooecial

wall down to edge of next adjacent intrazooecial space as

they proceed proximally toward central region of zoarium

(Pl. S. fig. 5). Individual laminae not traceable for more

EXPLANATION OF PLATE 8
(All figures X25 except as stated otherwise)

FIGURES

1-7. Tabu lipora carhonatia from Wreford Megacyclothem, Lower

Permian, Kansas.-1. Long. sec. showing peripheral, outer

axial, and inner axial regions, zooecial wall laminae, dia-

phragms lying well below zoarial surface, intrazooecial tube

(center), and acanthopores. PD morphotype (CH24I)(float)-

p-PC-4002). Calcareous shale, upper Havensville, loc. CH24.

 2. Long. sec, showing very thin peripheral region, newly

introduced zooecia, hemiphragms (lower left), intrazooecial

tube (center), and acanthopores. morphotype (MLO3R-

Sil-pAug-PC-4001). Calcareous shale, lower Havensville, loc.

ML03. 3. 'Fang, sec, showing rounded to angular zooecial

apertures, thin interapertural walls (two of which, in center

of field, are incomplete), and large acanthopores. Cl) mor-

photype (GE13E-bsf-PR-4013). Calcareous shale, lower

Havensville, loc. 6E13.-4. Tang. sec. showing rounded

zooccial apertures, thick interapertural walls, and large :lean-

thopores. P13 morphotype (GEI7W-bsf-PL-4010). Calcareous

shale, lower Havensville, loc. GE 17. S. Tang. sec, showing

monticule composed of radially arranged zooecia (upper half

of field) and intermonticular area (lower half of field). Cl)

morphotypc (GE18(17)-bf-PR-400I). Calcareous shale, mid-

dle Schroyer, loc. GE 18. 6. Tang. sec, showing rounded

zooecial apertures, thin to thick interapertural walls, and

large acanthi pores. HC morphotype (MS05E(float)-p-PC-

4001). Calcareous shale, upper Havensville, loc. MS05.-

7. Tang sec. showing concentrically laminated acanthopores;

X75. HC morphotype (MSO5E(float)-p-PC-4001). Calcare-

ous shale, upper Havensville, loc. MS05.
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than a moderate part of the distance along one of the sets

of steeply inclined laminae; none traceable from one intra-

zooecial space out to central part of zooecial wall and

back down again to next adjacent intrazooecial space.

Individual laminae made up of tiny calcite grains (0.001

mm. in diameter) intermixed with varying proportions of

dark, opaque (organic?) matter; consequently laminae

range from light- to dark-colored. Laminae essentially

straight or slightly curved; some laminae slightly and

minutely flexuous or crumpled in parts of their length.

Laminae best displayed by thick zooecial walls, but thin

zooecial walls, including those which appear dense,
opaque, and homogeneous under low magnification

(X50), are seen when examined with high magnification

(X200, X450) to be composed of a small number of

laminae identical to those comprising the thick walls.
Monilae also composed of laminae like those of rest of
wall; laminae added successively to distal and lateral sur-
faces of monilae, so that the laminae appear to be con-

centrically arranged about the proximal end (rather than
the center) of the monila (Pl. 5, fig. 6; Ross & Ross, 1962,

p. 18).

Divisional line visible in some thick zooecial walls,

monilae, and thin walls in both peripheral and outer and
inner axial regions (Pl. 5, fig. 6). Distribution of divi-

sional lines erratic within same zoarium; commonly, one

zooecial wall displays divisional line well and next adja-

cent wall completely lacks it. Divisional line indistinct to

conspicuous, straight to irregular or undulating, thin (less

than 0.01 mm. wide), usually darker- but rarely lighter-

colored than remainder of zooecial wall material. Divi-

sional line rarely consisting of a series of closely spaced,

minute, dark-colored dots.

Granules seen in tangential section not visible. Sec-

ondary zooecial linings (cingula) absent. Mural pores

absent.

Preceding description of zooecial walls applicable to

walls cut perpendicularly by plane of thin section. Where

plane of section cuts through zooecial wall parallel to seg-

ment of wall contained between successive zooecial angles,

intrazooecial space appears mostly filled in by calcareous

tissue extending into that space as elongate thick bands,

which represent the cut inner surfaces of monilae (Pl. 5,

fig. 5). This calcareous tissue laminated, with laminae

identical to those observed in rest of zooecial walls and

extending across zooecium perpendicularly to zooecial

length. Most of the laminae straight. Some laminae

flexuous (Pl. 7, fig. 5); others containing small circular

or oval areas which consist of a higher than usual propor-

tion of dark, opaque (organic?) matter relative to clear

calcite grains (Pl. 7, fig. 3); walls containing either of

these types of laminae possess granules when seen in

tangential section.

Various kinds of diaphragms situated within intra-

zooecial spaces of most zooecia. Diaphragms visible as

thin (generally about 0.01 mm., rarely up to 0.03 mm.

thick) lines of laminated calcite extending part or all of

the way across intrazooecial space approximately per-

pendicularly to zooecial length (P1. 5, fig. 4). Abundance

of diaphragms extremely variable. In peripheral region,

diaphragms abundant (PE-DTZ averaging between 2

and 3, Table 6) and closely spaced (0.1 to 1.5 zooecial

diameters apart; PE-D1 averaging somewhat more than 2,

Table 6). In outer axial region, diaphragms common

(OA-DTZ averaging about 2, Table 6) and less closely

spaced (0.25 to 5 zooecial diameters apart; 0A-D1 aver-

aging about 2, Table 6). In inner axial region, dia-

phragms rare or absent (1A-DTZ averaging near 0, Table

6, and widely spaced, 2 to 20 zooecial diameters apart;

IA-D1 averaging near 0, Table 6), except near remnants

of previous growing tips. In some zooecia, distalmost

diaphragm located only about 0.3 of zooecial diameter

(Pl. 4, fig. 6), but in other zooecia, as much as 4 zooecial

EXPLANATION OF PLATE 9
(All figures X25)

FIGURES

1-7. Tabulipora carbonaria from Wreforcl Megacyclothem, Lower
Permian, Kansas. 1. Tang. sec. showing small, rounded
zooecial apertures, thick interapertural walls possessing gran-
ules, and moderately large acanthopores. CG morphotype
(GE30E-bf-PR-4010). Calcareous shale, middle Schroyer, loc.
GE30. 2. Tang. sec. showing polygonal zooecial apertures,
very thin interapertural walls, and small acanthopores. CI
morphotype (GE18(Ws float)-p59-PC-4001). Calcareous
shale, middle Schroyer, loc. GEIS. 3. Tang. sec. showing
small zooecial apertures and unusually abundant and large
acanthopores. HD morphotype (GEO2C(float)-p-PC-4004).
Calcareous shale, middle Schroyer, Inc. GE02.-4. Tang.
sec, showing rounded to angular zooecial apertures, thin to
thick interapertural walls, and large acanthopores. PB mor-

photype (GE30G-bf-PR-4033). Calcareous shale, upper
Havensville, loc. GE30. 5. Long. sec, showing moderately
thin peripheral region and hemiphragm in central zooecium.
HB morphotype (GEOIDa(float)-pJun-PC-4003). Calcareous
shale, middle Schroyer, Inc. GE01. 6. Tang. sec, showing
monticule (upper right quarter of field) and surrounding
intermonticular areas (rest of field). PD morphotype (MS06E
(float)-p-PC-4008). Calcareous shale, upper Havensville, loc.
MS06.-7. Transv. sec, showing very thin peripheral region,
diaphragms cut obliquely in outer axial region, and polygonal
zooecia, thin zooecial walls, and tiny acanthopores in inner
axial region. PB morphotype (MS10C-bsf-PL-4001). Cal-
careous shale, upper Speiser, Inc. MS10.
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diameters (PI. 8, fig. 1) below zoarial surface; in neither

situation does zoarial surface show evidence of having

been abraded. Diaphragms never seen to form continu-

ous layers across zoarium parallel to outer zoarial surface.

Diaphragms of varied shapes and orientations within a

zooecium (Fig. 17). Diaphragms straight (Fig. 17„4),

slightly and finely flexuous (Fig. 17,B), S-shaped (Fig.

17,C), convex toward distal end of zooecium (Fitz. 17,D),

concave toward distal end of zooecium (Fig. 17,E); they

may be perpendicular (Fig. 17,F) or oblique (Fig. 17,G)

to zooecial length; they most commonly extend across

intrazwecial space without touching adjacent diaphragms

(Fig. 17,H) or less commonly they may intersect other

diaphragms (Fig. 17,1 ) and rarely then form cystoidal

diaphragms (Pl. 3, fig. 13; 5, p. 21).

Diaphragms generally extending completely across

zooccium; these are complete diaphragms (Fig. 17, 1:

Pl. 5, fig. 4). Some diaphragms extending part-way across

zooecium, arising from zooecial walls on both sides of

zooecium; these are centrally perforated diaphragms (Fig.

16, 17X; Pl. 5, fig. 3). Centrally perforated diaphragms

found in many Tabulipora carbonaria zoaria; such dia-

phragms are comparatively rare in the peripheral region

(PE-PDTZ averaging between 0 and I. Table 6) and vir-

tually absent in the outer and inner axial regions (OA-

PDTZ and IA-PDTZ both averaging about 0, Table 6).

Some diaphragms extending part-way across zooecium,

arising from zooecial wall on only one side of zooecium;

these are half-diaphragms or hemiphragms (Fig. 16, 17,L;

Pl. 3, fig. 13). Hemiphragms found in many zoaria;

they are rare in the peripheral region (PE-HDTZ averag-

ing slightly more than 0, Table 6) and essentially absent

in the outer and inner axial regions (OA- and IA-HDTZ

both averaging about 0, Table 6). Free (inner) ends of

centrally perforated diaphragms and hemiphragms

rounded off in some but not thickened (Fig. I7,M),

swollen in some (Fig. 17,N), and in some swollen only

on proximal side of diaphragm (Fig. 17,0). Centrally

perforated diaphragms and hemiphragms commonly sec-

ondarily closed (Pl. 5, fig. 5), by a thin partition across

the gap (Fig. 17,P), or by a diaphragm secreted in contact

with the first (Inc (Fig. 17,0), or by a diaphragm secreted

just distally to the first one (Fig. 17,R).

Diaphragms composed of laminae identical to those

which comprise the zooecial walls and arranged parallel

to the proximal and distal surfaces of the diaphragm (Pl.

5, fig. 4, 5); laminae immediately adjacent to intrazooe-

cial space commonly somewhat darker-colored than those

in central part of diaphragm. Lateral ends of diaphragms

abutting into thin, thick, or moniliform walls; diaphragm

laminae there bend sharply and proceed distally, forming

the part of the zooecial wall immediately adjacent to the

intrazooecial space for a short distance and then curving

gently into the zooecial wall (PI. 5, fig. 4). As these

laminae proceed distally and toward the central part of

the zooecial wall, other laminae are inserted among them

so that the group of laminae thickens (diaphragm wall

unit of BOARDMAN, 1960, P. 27), and other laminae

secreted later overlie them distally and toward the intra-

zooecial space ( independent wall unit of BoARosimv, 1960,

p. 27). Some diaphragms unusually thick and consisting

of two thinner diaphragms secreted one immediately on

top of the other (compound diaphragm of BOARDMAN,

1960, P. 21; Pl. 5, fig. 4).

Small, cylindrical, calcareous, hollow tube (here

termed "intrazooecial tube") present within a few intra-

zooecial spaces in a few zoaria; tubes arising from one

diaphragm or connecting two successive diaphragms in

peripheral region (PI. 5, fig. 3; Pl. 7, fig. 2; Pl. S. fig. 1, 2).

Intrazooecial tubes composed of laminae identical to

those comprising diaphragms, and generally not intersect-

ing zooecial walls. Appearance of intrazooecial tubes vari-

able, depending upon whether longitudinal section cuts

parallel (Fig. 17,S,T) or slightly oblique (Fig. I7,U) or

moderately oblique (Fig. I7,V,W) to central axial line of

intrazooecial tube and whether section cuts through tube

near level of center of tube (Fig. 17,S,U,V) or at level of

wall of tube (Fig. I7,T,W). Intrazooecial tubes abutting

against either centrally perforated or complete dia-

phragms; therefore, tubes may be open or closed at one

or both ends.

Cysts and possible brown bodies (22, p. 351-356) not

seen in any Wreford Tabulipora carbonaria specimens

studied.

Mesopores absent.

Interzooecial N'esides absent.

Mural lacunae absent.

Acanthopores visible in peripheral and also much less

commonly in axial regions of zoaritim; acanthopores

mainly seen within uniformly thick but rarely within

highly moniliform zooecial walls. Where longitudinal

section cuts through center of acanthopore, acanthopore

appearing as a long, narrow (0.01-0.03 in wide) band

of sparry calcite running parallel to and in central part of

a thick, well-laminated zooecial wall (Pl. 4, fig. 5; Pl. 5,

fig. 5); band of sparry calcite presumably represents cal-

cite-filled tubular hole or lumen in center of acanthopore

and is bounded on each side by a generally straight but in

detail highly irregular, very thin, dark-colored line. This

dark line abutted by steeply inclined zooecial wall lami-

nae, which do not bend through 150' angle and run

proximally down into acanthopore lumen; laminae be-

longing to acanthopore not distinguishable from those

belonging to normal interapert oral wall, because dark line

rimming outer circumference of acanthopore in tangen-

tial section never visible in longitudinal section. Central

band of sparry calcite not traversed by diaphragms, al-

though some cleavages of the calcite resemble diaphragms
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upon casual examinaticn. Where longitudinal section cuts
through acanthopore between outer circumference and
center of acanthopore, acanthopore visible as thicker and
nonmoniliform zooecial wall composed of steeply inclined
laminae which curve comparatively gently in central part
of wall (PI. 5, fig. 5); it is likely that many (but definitely
not all) of the zooecial walls which appear uniformly
thick and not moniliform are actually acanthopores cut
off-center.

Monticules visible in a very few longitudinal sections
as areas where zoarial surface arches upward about 0.5 to
1 mm. higher than surrounding areas; zooecia comprising
monticules identical in appearance to those between
monticules (Pl. 7, fig. 9). Some monticules developed in
secondary overgrowths directly above previously existing
monticules (Pl. 7, fig. 9).

Maculae not visible in longitudinal section.

PARTICULAR STRUCTURES

ZOOECIAL OR INTERAPERTURAL WALL
MICROSTRUCTURES

The wall structure of Wreford Tabulipora carbonaria
specimens does not precisely coincide with any of the
wall types described by BOARDMAN ( 1960, p. 30-33). How-
ever, different zooecial walls within a single Wreford
zoarium somewhat resemble BOARDMAN ' S Devonian leio-
clematid, trachytoechid, leptotrypellid, and atactotoechid
wall types to varying degrees, with the most commonly
occurring situation being resemblance to atactotoechid
walls. The highly moniliform walls of Tabulipora have
no Devonian counterparts. Different walls within the
same zoarium of T. carbonaria display two-part or three-
part wall structure as defined by Ross (1964, p. 937).
Finally, different walls within the same zoariuni of T.
carbonaria display integrate or amalgamate wall structure
as defined by BASSLER (1953, p. G92, G93). The fact that
different wall types can be seen within a single colony of
T. carbonaria casts doubt upon the usefulness of these
types defined to date as taxonomic criteria, at least insofar
as late Paleozoic tabulipores are concerned. However,
wall microstructures in Paleozoic bryozoans have been
studied so little that any critical evaluation of their classi-
ficatory value in general can not yet be made.

The dark granules seen in interapertural walls in tan-
gential sections of some Wreford zoaria resemble the tiny
acanthopores possessed by the holotype of Tabulipora?
ohioensis (FoERsTE, 1887) and those mentioned by Ross
& Ross (1962, p. 17). The granules found in T. carbon-
aria lack the hollow (or calcite-filled) central tubes and
the conspicuously laminated tissue surrounding those
tubes, which the undoubted acanthopores of T. carbonaria
possess. Some of the granules are apparently parts of the
zooecial wall where unusually large amounts of dark,
opaque matter is intermingled with the calcite grains corn-

prising the wall laminae; others are apparently the cut
edges of distally directed flexures (which are also evident
as small hummocks in external view) in the laminae
forming the central part of the zooecial wall between suc-
cessive zooecial angles. Either situation may result from
the development of small heterozooids, possibly acantho-
zooids but also possibly other types, along the wall sep-
arating two normal zooids (autozooids) and two acan-
thozooids. However, only further evidence can indicate
whether the granules represent small heterozooids or
whether they represent minor irregularities in the secre-
tion of the laminae of the zooecial walls by two adjacent
autozooids.

Reasons for the development of monilae, rather than
uniformly thick walls, in the walls of some zooecia re-
main uncertain.

DIAPHRAGMS

Complete diaphragms, centrally perforated dia-
phragms, and hemiphragms all can be found together, in
any combination, within a single zooecium. The latter
two kinds of diaphragms are virtually restricted to the
peripheral regions of the zooecia. The differences in
function of the three kinds of diaphragms are not under-
stood; presumably, all three functioned primarily as sup-
porting platforms for the soft parts of the zooid occupying
the distalmost portion of the zooeciurn. The two kinds
of incomplete diaphragms may have been formed as
incomplete diaphragms initially, or they may have been
formed by resorption of calcareous material originally
deposited as a complete diaphragm. The function of the
intrazooecial tubes is also unknown, although they con-
ceivably could have provided a passageway for communi-
cation into the more proximal portions of the zooecia.

MESOPORES

Tabulipora carbonaria specimens from the Wreford
lack mesopores. Smaller than average, newly introduced
zooecia have been mistakenly called mesopores in this and
closely related species by some workers. Several charac-
teristics of such small zooecial apertures are different
from those of undoubted mesopores and thus indicate
that these small apertures are merely those of newly intro-
duced normal zooecia (autozooecia) rather than meso-
pores (mesozooecia). First, the small apertures have the
same shapes as average-sized zooecial apertures; meso-
pores generally have at least somewhat different shapes.
Second, a complete gradation in size, which follows a
closely normal frequency distribution (Fig. 15), exists
from the tiniest small aperture to the largest zooecial
aperture, whereas undoubted mesopores comprise a group
of apertures distinctly smaller in mean diameter than
autozooecial apertures. Third, the small apertures are
scattered sparsely and uniformly among the normal-sized
zooecial apertures; mesopores tend to be abundant and
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evenly distributed or to be aggregated into definite

groups. Fourth, zooecial tubes with very closely spaced,

abundant diaphragms are not found in peripheral regions

as seen in longitudinal sections; undoubted mesopores

have abundant, closely spaced diaphragms. Fifth, both

longitudinal and serial tangential sections indicate that

some zooccia are introduced in the peripheral region of

the zoarium. These newly introduced zooecia can be

seen to have tiny apertures when cut by thin sections just

distal to their proximal base and then to increase in

diameter slowly as they proceed distally to the zoarial

surface. Consequently, I believe that T. carbonaria lacks

mesopores and that unusually small zooecial apertures

seen externally and in tangential sections are those of

zooecia introduced into the zoarium within the peripheral

region.

ACANTHOPORES

The function of acanthoporcs is not known, although

numerous ideas concerning them have been proposed.

Presumably, they were secreted by small heterozooids

(acanthozooids), which conceivably could have kept the

surface of the zoarium free from sediment and settling

larvae or which could have been involved in some way

with sexual reproduction or care of larvae.

MONTICULES AND MACULAE
Many published descriptions of tangential sections of

trepostome bryozoan species interpret areas consisting of

zooecia somewhat larger and thicker-walled than average

as representing monticules or maculae or both. That

interpretation may be correct for many species.

Such areas are also common in tangential sections

made from Wreford specimens of Tabulipora carbonaria.

However, identifying monticules on the external surface

of the zoarium and then following them down into the

peripheral region of the zoarium by means of successively

deeper, serial, tangential sections show that such areas are

not correlated in any consistent manner with the topo-

graphic features on the zoarial surface. Use of cellulose

acetate sections makes such a conclusion verifiable. The

position of the monticules are noted, the zoarium is

rubbed on the grinding plate until the summits of the

monticules are planed off, and an acetate section is made

from the planed surface. Then, the zoarium is ground

again until the plane of the surface cuts the monticules

at a level nearer the central axial line of the zoarial

branch; and another acetate section is made from the new

planed surface. Alternately grinding the specimen and

making acetate sections results in a set of serial tangential

sections which represent progressively deeper levels within

the peripheral region of the single zoarial fragment.

Application of this technique to several monticules

seen on three Wreford Tabu lipora carbonaria zoaria

leads to the conclusion that monticules can not be distin-

guished from intermonticular areas when tangential sec-

tions of specimens belonging to this species are studied

without the benefit of examination of the external surfaces

of the specimens. The qualitative, nonnumerical morpho-

logical characteristics shown by the zooecia in the monti-

cules in tangential sections are exactly the same as those

shown by the intermonticular zooecia in the same section;

no consistent differences in shape of zooecial aperture,

interapertural wall microstructure, and so forth, can be

detected (Pl. 6, fig. 5; Pl. 9, fig. 6).

The numerical morphological characters of monticu-

lar zooecia are likewise essentially the same as those of

intermonticular zooecia. The differences between the two

kinds of zooecia in these characters (Appendix A) are of

the same order of magnitude as those detected between

randomly selected sections made from different parts of a

single zoarium lacking monticules (Zoarium 1 of Appen-

dix C). ZI, MZAD, IWT, Al, and MAOD (Tables A-1

through 5) are characters whose values for monticular

zooecia are essentially equal to, being slightly larger or

slightly smaller than, their values for intermonticular

zooecia. The diameter of monticular zooecia may average

essentially the same as to considerably smaller than, but

not consistently larger than, that of intermonticular zooe-

cia (Table A-2). Monticular zmecia may be, on the

average, quite thick-walled or quite thin-walled relative

to intermonticular zooecia (Table A-3).

The foregoing evidence strongly indicates that mon-

ticular and intermonticular areas can not be consistently

differentiated in tangential sections of Tabulipora car-
bonaria without concurrent examination of the external

features of the specimens. In particular, areas in tangen-

tial sections which consist of zooecia somewhat larger

and thicker-walled than usual are not to be interpreted,

without other evidence, as monticules; in fact, such areas

more commonly seem to represent topographically low

areas on the zoarial surface. Whether these conclusions

apply to other trepostome species is not known at present;

however, study of the monticules of other species by

means of serial tangential sections would readily answer

this question. Finally, there seems to be no obvious

morphologic reason why some zooecia should project

topographically above their neighbors.

Maculae, however, can be identified easily in tangen-

tial sections (Pl. 3, fig. 11), because they contain more

closely packed (Zl higher; Table A-1), smaller (MZAD

lower; Table A-2), and somewhat thicker-walled (IWT

slightly higher; Table A-3) zooecia than the intertriacular

areas. Macular and intermacular areas have essentially

the same average values for Al and MAOD (Tables A-4,

5), however.

The functional significance of monticules and maculae

is unknown; these structures could possibly be related to

sexual reproduction or brooding of the larvae, although

such suggestions are highly speculative.
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POSSIBLE CAUSES OF VARIABILITY IN
WREFORD TABULIPORA CARBONARIA

Several workers have treated extensively the subject
of the morphological variability displayed by individual
animals belonging to the same species (62, p. 139-144; 63,
p. 81-99; 86). Several possible sources of morphologic
variability seem relevant to this study of Wreford Tabuli-
pora carbonaria specimens. Briefly outlining these poten-
tial sources, based in large part upon the discussions in
the former two references, will aid our understanding of
the morphological variability seen in T. carbonaria and
described in detail in the following sections of this paper.

One major type of morphologic variability displayed
by a group of conspecific fossils can be characterized as
phenotypic variation not directly caused by (but of course
restricted in range by) genotypic variation. Several kinds
of morphologic variability shown by Tabulipora carbon-
aria are of this major type. 1) Variability may result from
differences in the ages either of different zoaria or of
individual zooids within a zoarium. Variability among
zoaria of different ages is very conspicuous in T. carbon-
aria. 2) Variability may consist of the development of
different kinds of zooids within the same colony; T. car-
bonaria zoaria were composed of at least two kinds of
zooids, those which secreted zooecia and those which
formed acanthopores. 3) Variability may be caused by
ecological conditions. Ecologically induced variability
may appear among several zoaria each of which lived in a
different habitat characterized by small environmental
differences maintained throughout the life span of the
colony. Also of ecologic causation are variability resulting
from occurrence of unusual environmental conditions
lasting for only a short time and variability resulting from
overcrowding of conspecific individuals in a small area on
the sea floor. Morphologic variability directly due to
ecological conditions is comparatively minor among Wre-
ford specimens of T. carbonaria; because environmental
conditions often determined the length of life and age at
death of an individual colony, however, they thereby in-

directly influenced the variability seen within the species.

4) Variability may result from diseases or accidents af-

fecting the individual zooids or zoaria or from attacks

upon the zoaria by other organisms. Some of the variabil-

ity, such as induced by borings and incomplete separation
of zooecia or acanthopores, seen in T. carbonaria speci-

mens may result from this fourth kind.
A second major type of morphological variability

among conspecific fossils can be characterized as pheno-

typic, directly caused by genotypic variation. Two kinds
of this type occur in Tabulipora carbonaria. Variability

resulting from the occurrence of different genotypes with-
in contemporaneous, interbreeding, local populations of

this sexually reproducing (and therefore genetically vari-
able) species undoubtedly is expressed in many minor
morphologic differences, both continuous and discontinu-
ous in nature, seen among the different zoaria of T. car-
bonaria. Also, variability resulting from evolution or

progressive change through time of the relative propor-
tions of particular genetically determined phenotypes
within the species population as a whole can be detected
to a small extent in T. carbonaria specimens collected
from different stratigraphic units.

A third major type of variability seen among con-
specific fossils can be distinguished as resulting from
modes of fossilization of the organisms after they died
and before they were collected. Such variation seen
among the Wreford specimens of T. carbonaria includes
preservation of zoaria by different minerals and distor-
tion or crushing of zoarial branches by compaction of
surrounding sediment. Unlike the situation in some fos-
sil groups, however, none of these has any biological
implications useful in reconstructing living colonies of
the species.

With the foregoing kinds of variability in mind, we
may now examine various aspects of Tabulipora car-
bonaria in the Wreford.

INTRAZOARIAL VARIABILITY IN
WREFORD TABULIPORA CARBONARIA

VARIATIONS AT DIFFERENT DEPTHS
WITHIN PERIPHERAL AND OUTER

AXIAL REGIONS

Serial tangential sections were made at several differ-
ent levels within two Wreford Tabulipora carbonaria
zoaria (Appendix B) in order to trace morphologic
changes seen as zooecia proceed from the axial regions

distally through the peripheral region to the zoarial
surface.

In deep tangential sections (PI. 6, fig. 7) made well
within a zoarial branch, the zooecial apertures are elon-
gate, with longest dimension roughly parallel to zoarial
branch length, and they exhibit sharply angular outlines.
In shallow tangential sections (Pi. 6, fig. 6), made just
below the zoarial surface, the zooecial apertures are essen-
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tially equidimensional and have many of their zooecial
angles rounded rather than sharply angular. From deeper
to shallower sections, ZI and Z2 increase (Tables B-1, 2)
while MZAD decreases (Table B-3). In other words, as
the tubular zooecia, essentially constant in diameter per-
pendicular to their length, bend outward and become
more nearly perpendicular to the zoarial surface, pro-
gressively more of them are intersected and they are inter-
sected less obliquely by planar unit areas parallel to the
zoarial surface.

Both the maximum IWT observed in each section
(Table B-4) and its average IWT increase distally; that
is, the interapertural walls thicken progressively toward
the zoarial surface. Under low magnifications, the inter-
apertural walk in deep sections are thin, dense, and
homogeneous; but in shallow sections they are thick and
exhibit well-marked structures such as laminae, divisional
lines, and granules.

Acanthopores become more abundant (Al increases;
Table B-5) as the zoarial surface is approached, although
they decrease in abundance slightly just below the surface.
The acanthopores in deep sections are merely small ob-
scure dots but become much larger (MAOD increases;
Table B-6) and better developed toward the surface.

Examination of values of numerical morphological
characters tabulated in Appendix B indicates that many
characters change rapidly at first and then change more
slowly or remain constant until at last the zoarial surface
is reached. This results from the fact that the zooecia and
acanthopores change more drastically in passing from the
outer axial region into the peripheral region than in pass-
ing out through the peripheral region to the surface.

VARIATIONS AT DIFFERENT POSITIONS
ALONG LENGTH OF ZOARIAL

BRANCH

Four large, branching zoarial fragments belonging to
Tabulipora carbonaria collected from the Wreford were
sectioned completely in order to study morphologic varia-
tions developed within a single zoarium from its base to
its distal growing tips. Each specimen was cut trans-
versely into segments a few millimeters long and then
tangential, transverse, and longitudinal sections were
made from each segment.

Some characteristics of Tabulipora carbonaria are seen
to change progressively along a zoarial branch upward
from its base (Pl. 4, fig. 5) to the growing tip (Pl. 4, fig.
6). The peripheral region becomes progressively thinner
as the distal tip is approached and TP decreases in this
direction (Table C-7). However, irregular fluctuations
are superimposed upon the general decrease (as in zoaria
IC, 3A, and 3B (4 Table C-7) by development of sec-

ondary overgrowths in more proximal parts of the branch

and apparently also by attainment of maximum possible

zooecial length beyond which growth ceased. Because

total transverse diameter of the inner and outer axial re-
gions remains relatively constant along the branch, and
because the peripheral region steadily thins distally, the
total branch diameter decreases and therefore AR in
creases (Table C-8) toward the growing distal tip. Both
secondary overgrowths and widening of the axial regions
immediately below points of branching (as in zoaria IC,
2B, and 3A of Table C-8) cause AR to deviate somewhat
from this general pattern. AR reaches its maximum pos-
sible value (100) at the growing tips where no peripheral
zone had been formed when the colony died. Finally,
AZMS (Table C-9) tends to remain constant at 90° in
more proximal parts of a branch and then decrease, with
zooecia intersecting the zoarial surface more obliquely as
the growing tip is approached.

The appearance of zooecia seen in tangential sections
varies markedly but in large part unsystematically along
the length of a zoarial branch (Pl. 4, fig. 2-4). The shape,
spacing (Z1, Z2; Tables C-1, 2), and size (MZAD; Table
C-3) of the zooecial apertures all fluctuate markedly
irregularly about their average values along the branch
from its proximal extremity to its distal tip. Concurrently,
the maximum IWT observed in each thin section also
fluctuates irregularly in more proximal regions and de-
creases near the growing tip (Table C-4; only the zoaria
—1C and 2B—which lack preserved growing tips do not
show this decrease). Moreover, interapertural walls are
thinner on the average at distal tips than in more prox-
imal parts of branches (Pl. 4, fig. 2-4). The degree of
development of such interapertural wall structures as
granules and divisional lines varies irregularly throughout
a zoarium, although those structures tend to be most
prominent in proximal segments where the peripheral
region is better developed and the interapertural walls are
comparatively thick.

The characteristics of zooecia seen in longitudinal sec-
tions also vary considerably along the length of a zoarial
branch; most of this variability is best shown by numeri-
cal morphological characters. The abundance of monilac
(M01; Table C-10) fluctuates irregularly within a zoar-
ium. The abundance (PE-DTZ; Table C-11) of dia-
phragms in the peripheral region of a branch decreases
steadily as the tip is approached; this trend is to be ex-
pected because of progressive distal thinning of the
peripheral region. The spacing (PE-D1; Table C-14) of
diaphragms in the peripheral region fluctuates irregularly
about an average value in the i flore proximal parts of the
zoarial branches and commonly widens slightly at the
growing tips. The abundance (0A-DTZ; Table C-12)
and spacing (0A-D1; Table C-IS) of diaphragms in the
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outer axial region tend to fluctuate irregularly along the
length of the branch, although both numerical characters
decrease slightly in value immediately below the growing
tip in some branches. The abundance (IA-DTZ; Table
C-13) and spacing (IA-D1; Table C-16) of diaphragms
in the inner axial region fluctuate somewhat about an
average value near 0 along the branch length. Centrally
perforated diaphragms and hemiphragms are found
sparsely and sporadically in the peripheral region and
less commonly in the outer axial region of a zoarial
branch; none of either type was seen in the inner axial
regions of the branches studied. The numerical charac-
ters expressing the abundance of these kinds of dia-
phragms—PE-PDTZ, OA-PDTZ, 1A-PDTZ, PE-HDTZ,
0A-HDTZ, IA-HDTZ (Tables C-17 through 22)—con-
sequently vary slightly and randomly near an average
value of 0 along the branch.

Acanthopores vary in abundance irregularly along the
length of a branch, although Al decreases somewhat at
the distal growing tips of many (Table C-5). MAOD
has a similar pattern of variation (Table C-6); the acan-
thopores are smaller on the average in the growing tip
than in the rest of the zoarial branch.

TOTAL RANGE OF MORPHOLOGIC
VARIABILITY OBSERVED WITHIN

ONE ZOARIUM

After examining the manner in which the morpho-
logic features of Tabulipora carbonaria vary in different
parts of a single zoarium, we must note the total amount
of variability shown by each feature within a single
zoarium taken as a whole.

The range in appearance of several thin sections made
from one zoarium is comparatively great, as pointed out
earlier in discussing why large ramose Wreford trepo-
stornes are considered to be conspecific. For example,
some tangential sections made from a particular zoarium
show large, polygonal, thin-walled zooecia with small,
circular acanthopores (Pl. 4, fig. 2), whereas other sec-
tions reveal small, round, thick-walled zooecia with large,
circular acanthopores (Pl. 4, fig. 3, 4). The range of vari-
ability shown by the qualitative, nonnumerical, morpho-
logical characters of T. carbonaria is difficult to describe
adequately; I merely state here that the range is great and
invite the reader to compare some of the illustrations of
different slides made from the same zoarium (Pl. 4, fig.
2-7; PI. 6, fig. 1, 3, 5; PI. 6, fig. 6, 7).

However, the range of intrazoarial variability of
numerical morphological characters of that species can be
well described by several approaches. All support the con-
clusion that Tabulipora carbonaria zoaria are highly vari-
able morphologically within themselves.

TABLE 7. Smallest and Largest Arithmetic Means (XM),
Standard Deviations (SD), and Coefficients of Variability
(CV) Observed for Each Numerical Morphological Char-
acter among 14 Different Segments of Zoarium 1 (Ap-
pendix C), These Numbers Indicating Range of Variation
of Statistical Constants Computed from Different Samples
Drawn from This Zoarium of Tabulipora carbonaria.

Character XM SD CV

Z1 	 12.3-15.1 1.2-3.0 8-22
Z2 	 6.6-7.8 0.7-1.5 10-20
MZAD 	 0.264-0.324 0.027-0.064 10-20
IWT 	 0.027-0.097 0.000-0.064 0-116
Al 	 10.5-16.2 1.4-4.5 11-43
MAOD 	 0.021-0.117 0.021-0.035 15-48
TP 	 0.0-2.7 0.0-1.2 0-245
AR 	 50-100 0-22 0-35
AZMS 	 54-90 0-20 0-37
MO1 	 6.0-9.5 0.5-2.0 7-33
PE-DTZ 	 0.7-8.2 0.8-2.6 22-123
OA-DTZ 	 0.7-2.7 0.6-1.2 22-148
IA-DTZ 	 0.0-0.2 0.0-0.4 211-346
PE-Di 	 1.6-4.5 0.8-3.3 20-123
0A-D1 	 0.7-2.8 0.6-1.1 22-148
IA-Dl 	 0.0-0.2 0.0-0.4 211-346
PE-PDTZ 	 0.0-0.3 0.0-0.6 190-424
OA-PDTZ 	 0.0-0.1 0.0-0.2 424-424
I A-PDTZ 	 0.0-0.0 0.0-0.0
PE-HDTZ 	 0.0-0.2 0.0-0.4 245-469
OA-HDTZ 	 0.0-0.2 0.0-0.6 245-346
IA-HDTZ 	 0.0-0.0 0.0-0.0

First, we can use numerical characters which show no
trends but vary unsystematically within a single zoarial
branch to make simple statistical comparisons of different
segments of that branch. When this is done, we find that
some parts of a single zoarium are not statistically differ-
ent from each other but that other randomly chosen parts
are significantly different statistically from each other.
For example, both t-tests and one-factor analysis of vari-
ance show that the values of the character Al observed in
the different segments of zoarium 4A of Table C-5 are
statistically different at 2 percent or lower levels of sig-
nificance. A single colony, randomly fluctuating charac-
ters of which vary so much from segment to segment as
to be significantly different statistically, is obviously a
highly variable entity.

Second, we can make measurements and counts on
each segment of a large zoarium, and compute the mean
(XM), standard deviation (SD), and coefficient of vari-
ability (CV) for each numerical morphological character
in each segment. If we then tabulate the smallest and
largest XM, SD, and CV of each character among all seg-
ments of the zoarium, we obtain an impression of the
extent to which these statistics vary among different
samples drawn from a single zoarium. Table 7 presents



Bryozoan Tabulipora carbonaria in Wre ford Megacyclotkem of Kansas	 59

TABLE 8. Numerical Morphological Characters (22) Used
in Studying Tabulipora carbonaria, Arranged in Groups
According to Maximum Value of CV Shown by Any One

of Eight Zoaria Recorded in Appendix D.

Maximum
CV	 Characters

19-27 ZI, Z2, MZAD, AR, AZMS, MOI.
56-63 AI, MAOD.
76-84 IWT, OA-DTZ, 0A-D1.

159-166 PE-DTZ, PE-DI.
270-332 71', IA-DTZ, IA-D1, PE-PDTZ.
439-	 OA-PDTZ, IA-PDTZ, PE-HDTZ, 0A-FIDTZ, IA-HDTZ.

the results of such a procedure applied to zoarium 1

(Appendix C), from which 14 different samples were

taken and analyzed with respect to 22 numerical morpho-

logical characters used in this study. The table makes

evident that different segments of one zoarium yield

different values for the XM, SD, and CV of a particular

morphological character. Some characters (e.g., !WT,

Al, MAOD, AR, AZMS, PE-DTZ) vary markedly within

this one zoarium, and others (e.g., Z2, IA-DTZ, OA-

PDTZ) vary little, and still other characters (e.g., Z1,

MZAD) vary moderately. In general, however, the vari-

ability in absolute values of characters within the one

zoarium is comparatively large.

Third, we can group together numerical data obtained

from the different segments of one zoarium and compute

CV—which is a measure of relative variability—for each

numerical morphological character for that zoarium as a

whole. Then, taking several zoaria for which this cal-

culation has been made, we may tabulate the maximum

CV for each character seen among the zoaria. When this

is done, the different numerical morphological characters

can be grouped according to the maximum intrazoarial

CV observed for each. Table 8 summarizes the results

obtained when this procedure is used with eight zoaria

recorded in Appendix D. The relative variabilities shown

by the different characters obviously differ quite marked-

ly. Some of the characters have low values for CV and

thus can be considered as comparatively less variable (Z1,

Z2, etc.); others have extremely high values of CV and

thus are very variable (PE-DTZ, PE-D1, etc.). Much

previous work using CV to indicate the relative morpho-

logic variability observed among fossil (noncolonial) ani-

mals has indicated that CV for characters of average

variability ranges from 4 to 10, and for characters of high

variability ranges to as much as 18 or 19 (92, p. 91-94).

The lowest CV entered in Table 8 is 19, and the highest

is over 400; consequently, one zoarium of Tabulipora
carbonaria is extremely variable morphologically within

itself. It may be noted also that, in general, the relative

variability exhibited by numerical morphological charac-

ters studied in tangential sections tends to be lower than

that shown by characters studied in longitudinal sections.

SIGNIFICANCE OF INTRAZOARIAL
VARIABILITY OF WREFORD
TABULIPORA CARBONARIA

Without question, as has been shown in preceding

pages, a single zoarium of Tabulipora carbonaria is ex-

tremely variable morphologically within itself. It is very

important to remember that this extreme variability is

observed within individual colonies; there is no possibility
here that the different segments cut from a single branch-

ing zoarium actually represent several fundamentally dif-

ferent groups (for example, several species) incorrectly

lumped together. Zoaria of T. carbonaria are so variable

that some randomly chosen, different segments of one

zoarium will be significantly different statistically from

each other. Finally, the great intrazoarial variability seen
in this species forces us to regard the species as a whole as
highly variable.

The extent to which the extreme intrazoarial vari-

ability observed in Tabulipora carbonaria is characteristic

of other trepostome bryozoans is uncertain. However,

numerical data (20, p. 40) obtained from the lectotype

and paralectotypes of the Ordovician trepostome species

Rhombotrypa quadrata was analyzed by the sanie tech-

niques as was Tabulipora carbonaria; R. quadrata also

has highly variable zoaria. BOARDMAN (1954, p.323; 1960,

P. 36) and CL7MINGS (1904, p. 66) both have indicated

that at least some zoaria of Devonian trepostome species

are highly variable in morphology. Future work will

undoubtedly answer the question of whether or not most

trepostomes possess zoaria as variable morphologically as

those described in this paper.

Some morphologic variations observed within single

zoaria of Tabulipora carbonaria closely resemble those

seen by BOARDMAN (1960, p. 33-35) in some Devonian

trepostome zoaria. In both the Permian and Devonian

bryozoans, TP and PE-DTZ decrease and AR increases

as the distal growing tip is approached. On the other

hand, in Tabulipora carbonaria, IWT and AZMS gen-

erally decrease toward the tip, whereas in the Devonian

forms, IWT remains the same and AZMS tends to remain

essentially at 90°. Moreover, many of the growing tips

of T. carbonaria lack peripheral regions, whereas most of

the Devonian growing tips have them. Finally, the range

in zooecial diameter within a Devonian zoarium is ap-

parently determinable from the range seen in only one

tangential section; in the Permian species, this is not

always true (Table C-3).
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INTERZOARIAL VARIABILITY IN
WREFORD TABULIPORA CARBONARIA

MORPHOLOGIC VARIABILITY AMONG
INDIVIDUAL ZOARIA

A great range of morphologic variability is shown by
comparing one Tabulipora carbonaria zoarium with sev-
eral others, one by one. As was indicated in discussing
why the Wreford T. carbonaria specimens are probably
conspecific, two zoaria which appear morphologically
distinctively dissimilar can be connected by a series con-
sisting of morphologically intermediate zoaria which
completely bridge the gap between them.

Again, as when considering the total range of vari-
ability seen within one zoarium, the range of variability
in qualitative, nonnumerical morphological characters
among several different Tabulipora carbonaria zoaria is
very hard to describe fully. The best way to obtain an
appreciation of how much difference can exist between
two zoaria belonging to this highly variable species is to
examine the several plates illustrating this paper.

Fortunately, we can describe more exactly the vari-
ability among individual zoaria by considering their

numerical morphological characters. The statistical con-

TABLE 9. Smallest and Largest Arithmetic Means (XM),
Standard Deviations (SD) and Coefficients of Variability
(CV) for Each Numerical Morphological Character Ob-
served among Eight Zoaria Recorded in Appendix D,
These Numbers Showing Range of Variation of Statistical
Constants Computed from Different Zoaria of Tabulipora

carbonaria Taken Individually.

Character XM SD CV

Z1 	 13.5-16.5 1.3-2.8 8-19
Z2 6.3-8.0 0.6-1.4 9-21
MZAD 	 0.240-0.330 0.039-0.090 13-27
IWT 	 0.020-0.100 0.000-0.045 0-84
Al 8.0-16.0 1.4-4.5 9-56
MAOD 	 0.060-0.148 0.025-0.046 31-63
TP 	 0.0-1.7 0.0-1.1 0-283
AR 	 55-100 0-18 0-27
AZMS 	 52-90 0-17 0-27
MO1 	 6.7-9.3 0.0-1.7 0-23
PE-DTZ 	 0.0-5.4 0.0-2.9 37-166
0A-1)TZ 	 1.3-3.1 0.0-2.1 0-83
IA-DTZ 	 0.1-0.8 0.3-1.2 67-332
PE-D1 	 0.0-6.1 0.0-2.3 25-159
0A-D1 	 1.3-2.8 0.0-1.7 0-76
IA-D1 	 0.1-0.8 0.3-0.5 67-327
PE-PDTZ 	 0.0-0.8 0.0-0.8 105-270
OA-PDTZ 	 0.0-0.3 0.0-0.5 200-1400
IA-PDTZ 	 0.0-0.0 0.0-0.0
PE-HDTZ 	 0.0-0.1 0.0-0.2 424-439
OA-HDTZ 	 0.0-0.3 0.0-0.5 200-735
IA-HDTZ 	 0.0-0.0 0.0-0.0

stants computed from measurements and counts made on

each of eight Tabulipora carbonaria zoaria from the Wre-
ford are tabulated in Appendix D. In addition, Table 9
gives the smallest and largest observed values for the

mean ( XM), standard deviation (SD), and coefficient of

variability (CV) of each numerical morphological char-

acter in any of these zoaria. Some of the numerical char-

acters (e.g., IWT, Al, MAOD, AR, AZMS, PE-DTZ,
PE-Di) (Tables D-4, 5, 6, 8, 9, 11, 14), can vary markedly
in absolute value from one zoarium to another. Other
characters (e.g., Z1, Z2, MZAD, TP, M01, 0A-DTZ,
OA-D1) (Tables D-1, 2, 3, 7, 10, 12, 15) vary compara-
tively less. Still others (e.g., IA-DTZ, IA-D1, PE-PDTZ,
0A-PDTZ, IA-PDTZ, PE-HDTZ, 0A-HDTZ, IA-
HDTZ) (Tables D-13, 16-22) apparently vary little in
absolute value among several different zoaria. Taken as
a whole, interzoarial variability in T. carbonaria is evi-
dently comparatively great.

We can also use as an indicator of relative variability
among different zoaria the CV for each numerical mor-
phological character, computed from all Wreford Tabu-
lipora carbonaria specimens taken together. When the
numerical characters are grouped according to their value
of CV thus obtained (Table 10), they fall into the same
groups as when arranged according to the CV's shown
within individual zoaria (Table 8); but the groups in the
former arrangement have lower limiting values than in
the latter. Nevertheless, the minimum CV for one char-
acter displayed by T. carbonaria as a whole is 13, and the
maximum again more than 400. Inasmuch as CV for
many previously studied fossil groups ranges from 4 to
10, as mentioned earlier, Wreford zoaria of T. carbonaria
obviously comprise a morphologically highly variable
group, with some of their characters (Z1, Z2, etc.) being
less variable relatively than others (PE-DTZ, TP, etc.).
Several numerical characters (e.g., IA-DTZ, 0A-PDTZ)

TABLE TO. Numerical Morphological Characters (22)
Used in Studying Tabulipora carbonaria, Arranged in
Groups According to Value of CV Computed for Each
from All Wreford T. carbonaria Specimens Grouped

Together.

CV	 Character

13-21 Z1, Z2, MZAD, AR, AZMS, M01.
26-36 Al. MAOD.
58-62 IWT, OA-DTZ, 0A-D1.
80-98 PE-DTZ, PE-D1.

109-197 TP, IA-DTZ, IA-DI, PE-PDTZ.
460-00 OA-PDTZ, IA-PDTZ, PE-HDTZ, OA-HDTZ, IA-HDTZ.
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which vary little in absolute value among several zoaria,

have very high values of CV and thus are relatively ex-

tremely variable among these zoaria.

An interesting problem closely related to the topic of

interzoarial variability shown by a bryozoan species is

determining how closely the statistical constants computed

from numerical data obtained from one zoarium indicate

values of constants characterizing the species population

as a whole. This question is particularly pertinent, for

example, when one has to decide whether or not a single

zoarium which is moderately distinctive should be de-

scribed as a new species. We can use some of the infor-

mation obtained in analyzing single zoaria of Wreford

Tabu lipora carbonaria to help answer this question at

least for that and closely allied trepostome species.

Some single zoaria closely approximate the average

condition shown by the species to which they belong. For

example, the mean value of Z1 obtained from all Wreford

specimens of Tabulipora carbon(iria is about 14.2, and

that obtained from zoarium 6 of Table D-1 is 14.3. Simi-

larly, the value of SD for the character Z1 for all Wreford

specimens is 2.3, and that obtained from zoarium 4 of

Table 1) - 1 is 2.3. Also, the value of CV for the character

Al among all Wreford zoaria is 26.2, while that obtained

from zoarium 4 of Table D-5 is 26.3.

Other single zoaria rather widely miss the average

condition of their species. For example, the XM of

numerical morphological character Al is 13.6 for all Wre-

ford specimens, while that for zoarium 5 of Table D-5 is

8.0. Comparison of these two values by a t-test shows that

they differ statistically very much; they are different at

lower than the 0.1 percent level of significance. Also, SD

for the character MZAD for all Wreford zoaria is 0.054,

whereas that for zoarium 6 of Table D-3 is 0.090. Simi-

larly, CV for the character Al among all Wreford speci-

mens is 26.2, and that for zoarium 5 of Table D-5 is 56.2.

Thus, the morphological characteristics of some Tabu-

pora curbonaria zoaria come quite close to the average

condition displayed by that species, whereas those of other

zoaria differ widely from the average condition. Conse-

quently, we can not obtain a reliable and precise estimate

of the parameters of the numerical characters of a species

from studying a single zoarium, although we can get a

rough estimate of them from such a study. A single

zoarium studied may be one which closely approximates

averages for the species, but it also may be one which does

not, and only study of a reasonably large number of other

zoaria belonging to the saine species can indicate which

kind the studied zoarium is. For example, if one has a

single zoarium of a species like Tabulipora carbonaria

and finds that the mean value of Al computed from all

counts made on that zoarium is about 15, he can prob-

ably conclude that t he mean of Al for the species is some-

where around 10-20; he can not, however, conclude that

the species mean for Al is close to 15, because the single

zoarium could be an extreme variant of a species whose

mean was, say, 10 or 20. Therefore, erecting a new tre-

postome species on the basis of a single zoarium is un-

sound unless the single zoarium is drastically different in

many of its characters from previously described taxa.

The conclusion given in the preceding paragraph is

one which can be expected on the basis of strictly a priori
reasoning alone. A bryozoan colony arises by asexual

budding from a single larva which was sexually produced.

Thus, the single larva and resulting zoarium represent

only one of the many different genotypes which could be

found among the members of the species. Because pheno-

typic variation ultimately is restricted within limits im-

posed by the genotype of an organism, it would be quite

unreasonable to expect that either the total range of

variability or the average conditions in a species would

be indicated by the phenotypes which could be produced

by only one genotype of that species.

MORPHOTYPES AMONG WREFORD
TABULIPORA CARBONARIA

ZOARIA
Within the suite of nearly 600 zoarial fragments of

Tabulipora carbonaria collected from the Wreford, several

morphologically distinctive types of zoaria can be recog-

nized, each type represented by at least several specimens.

Because, as discussed previously, these specimens probably

all belong to one species, these types tolltit be considered

as intraspecilic groups. Because all or most of them can

and do occur in single samples of T. carbonaria collected

from one bed (one rock type at one stratigraphic hori-

zon) at one geographic locality, the types cannot be re-

garded as subspecies, which are defined in modern biology

( MAYR, 1963, p. 672) as geographically separated (allo-

patric) groups within a species. Because such samples

represent essentially contemporaneous local populations of

T. carbonaria, these types must be regarded as merely

intrapopulation variants or morphotypes of this species.

Using these morphotypes, we can group the Wreford 7'.

carbonaria zoaria into a comparatively small number of

groups and consider the variability visible among these

groups.

The term "morphotype," as defined by SYLVESTER-

BRADLEY ( 1958, p. 217) and used by SCOTT & COLLINSON
(1959, p. 558), denotes "a group of intrapopulation vari-

ants displaying an arbitrarily defined morphological vari-

ation." OLIVER ( 1958, p. 832, 833) used the terni "forma"

to mean essentially the same concept. MAYli (1963, p.

150, 151, 669, 670) defined the terms "polymorphism"

and "polyphenism" as the simultaneous occurrence, with-

in a local population, of several distinct phenotypes duc
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to genetic and to nongenetic differences, respectively,
within that population.

The intrapopulation variants seen among the Wreford
specimens of Tabulipora carbonaria are very difficult to
define precisely, because individual zoaria belonging to
this species are so highly variable both intra- and inter-
zoarially. However, by using two morphologic criteria—
diaphragm types and wall microstructures—we can define
arbitrarily morphologic groups into which each Wreford
specimen yielding both a longitudinal and a tangential
section can be placed. The groups thus defined clearly
can be regarded as morphotypes of T. carbonaria. As
SYLVESTER-BRADLEY (1958, p. 216) has pointed out, the
morphologically defined "species" described in many
paleontological papers are actually morphotypes, rather
than groups more closely approximating biologic species.
Some morphotypes of T. carbonaria could possibly have
been considered as distinct "species," but doing so would
have ignored the several lines of evidence which strongly
indicate that the Wreford specimens all belong to one
variable species. Whether or not the different morpho-
types, which are distinct phenotypes, of T. carbonaria are
the result of primarily genetic factors can not be deter-
mined now; consequently, we can not describe that species
as distinctly either polymorphic or polyphenic, although
we can say that it is undoubtedly one or the other.

The term "morphotype" has also been used to denote
a kind of nomenclatural type specimen (FitizzELL, 1933,
p. 657). However, I doubt that any confusion will arise
in the following or future discussions inasmuch as context
adequately indicates the intended meaning of "morpho-
type."

Using the kinds of diaphragms seen in longitudinal
section and the appearance of interapertural wall micro-
structures in tangential section, we can define the fol-
lowing morphotypes among the Wreford specimens of
Tabulipora carbonaria. The numerical morphological
characters for each morphotype are tabulated in Appendix
E. The morphotype, if determinable, to which each Wre-
ford specimen figured in this paper belongs is indicated
in the explanations of the plates. In both qualitative and
numerical morphological characters, each of these mor-
photypes is broadly similar in both average condition and
range of variability to the Wrcford specimens of T. car-
bonaria grouped as a whole (which is another good reason
for considering all the morphotypes as conspecific). Con-
sequently, only the definitive morphologic characters and
characters in which the morphotype differs strikingly
from the species as a whole are given in the following
descriptions.

CB MORPHOTYPE
Zoaria with zooecia containing only complete dia-

phragms, and with interapertural walls possessing both
granules and divisional lines (Pl. 6, fig. 6, 7).

CC MORPHOTYPE
Zoaria with zooecia containing only complete dia-

phragms, and with interapertural walls clear and lacking
both granules and divisional lines (PI. 7, fig. 4).

CD MORPHOTYPE
Zoaria with zooecia containing only complete dia-

phragms, and with interapertural walls possessing divi-
sional lines but not granules (PI. 6, fig. 4).

CG MORPHOTYPE
Zoaria with zooecia containing only complete dia-

phragms, and with interapertural walls possessing gran-
ules but not divisional lines (Pl. 9, fig. 1).

CI MORPHOTYPE
Zoaria with zooecia containing only complete dia-

phragms, and with interapertural walls indeterminable
with respect to granules and divisional lines because the
walls are very thin (IWT low; Table E-4). Peripheral
region thin (TP low; Table E-7), zooecia intersecting
zoarial surface very obliquely (AZMS low; Table E-9).
Zooecial apertures tending to be elongate, polygonal, and
large (MZAD high; Table E-3). Zooecia possessing few
diaphragms in peripheral region (PE-DTZ and PE-DI
low; Tables E-11, 14). Acanthopores small (MAOD low;
Table E-6) (Pl. 9, fig. 2).

HB MORPHOTYPE
Zoaria with zooecia containing only hemiphragms and

complete diaphragms, and with interapertural walls pos-
sessing both granules and divisional lines (PI. 7, fig. 1, 8;
Pl. 9, fig. 5).

HC MORPHOTYPE
Zoaria with zooecia containing only hemiphragms and

complete diaphragms, and with interapertural walls clear
and lacking both granules and divisional lines (Pl. 8, fig.
6, 7).

HD MORPHOTYPE
Zoaria with zooecia containing only hemiphragms and

complete diaphragms, and with interapertural walls pos-
sessing divisional lines but not granules (Pl. 9, fig. 3).

HG MORPHOTYPE
Zoaria with zooecia containing only hemiphragms and

complete diaphragms, and with interapertural walls pos-
sessing granules but not divisional lines (PI. 5, fig. 2).

OC MORPHOTYPE
Zoaria with zooecia lacking diaphragms of all kinds,

and with interapertural walls clear and lacking both gran-
ules and divisional lines. Peripheral region lacking (TP
=0; Table E-7), AR high (Table E-8), zooecia meeting
zoarial surface very obliquely (AZMS low; Table E-9).
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Zooecial apertures tending to be somewhat elongated,
polygonal, and large (MZAD high; Table E-3). Inter-

apertural walls moderately thin (IWT low; Table E-4).

Acanthopores few (Al low; Table E-5) and small

(MAOD low; Table E-6) (Pl. 6, fig. 1, 3, 5; Pl. 7, fig. 10).

l'B MORPHOTYPE
Zoaria with zooecia containing centrally perforated

diaphragms, complete diaphragms, and some hemi-
phragms, and with interapertural walls possessing both

granules and divisional lines. Peripheral region thick
(TP high; Table E-7) and AR low (Table E-8). Zooecia
possessing many diaphragms in peripheral region ( PE-
DTZ, PE-D1 high; Tables E-11, 14) (Pl. 4, fig. 1-7).

PC MORPHOTYPE
Zoaria with zooecia containing centrally perforated

diaphragms, complete diaphragms, and some hemi-
phragms, and with interapertural walls clear and lacking
both granules and divisional lines (Pl. 7, fig. 7).

PD MORPHOTYPE
Zoaria with zooecia containing centrally perforated

diaphragms, complete diaphragms, and some hemi-
phragms, and with interapertural walls possessing divi-
sional IMes but not granules (PI. 7, fig. 6; Pl. 8, fig. 1, 2).

PG MORPHOTYPE
Zoaria with zooecia containing centrally perforated

diaphragms, complete diaphragms, and some hemi-
phragms, and with interapertural walls possessing gran-
ules but not divisional lines (Pl. 7, fig. 3).

PI MORPHOTYPE
Zoaria with zooecia contai mug centrally perforated

diaphragms, complete diaphragms, and some hemi-
phragms, and with interapertural walls indeterminable
with respect to granules and divisional lines because the
walls are very thin ( IWT low; Table E-4). Zooecial
apertures tending to be elongate, polygonal, and large
(MZAD high; Table E-3). Zooecia possessing few dia-
phragtns in peripheral region (PE-DTZ and PE-DI low;
Tables E-11, 14). Acanthopores few (Al low; Table E-5)
and small (MAOD low; Table E-6) (Pl. 6, fig. 2).

The morphotypes defined above are arbitrary, artifi-
cial, and logically exclusive groups. Consequently, any
morphologically intermediate zoarium can be classified in
one of them; thus, the existence of such intermediates is
obscured. For example, some zoaria belonging to the CC,
PC, and HC morphotypes possess very few diaphragms
compared with the average for them; they bridge the
apparent gap which separates these morphotypes fnim the

OC morphotype. Therefore, in working with morph()

types defined from Wreford Tabulipora carbonaria zoaria,
the groups can be assigned only limited significance bio-

logically. Nevertheless, the morphotypes defined in this
way have proved useful in analyzing the bryozoan species
Tabulipora carbonaria.

Other morphotypes could be defined using the same
criteria enumerated above. For example, an Of) morpho-

type could be made for zoa ria with zooecia lacking dia-
phragms and with interapertural walls possessing divi-
sionzd lines but not granules. Because no specimens which
I collected from the Wreford can be classified within such
morphotypes, I have not included them in this discussion.

From examination of both qualitative and numerical
morphological characters shown by the different morpho-
types, we can conclude that each of them constitutes a
imrphol(Tically highly variable group. Particularly note-
worthy in support of this conclusion are the high CV's
computed for each numerical morphological character for
each in orphotype (Appendix E). Moreover, the XM's
computed for some of the numerical characters vary sig-
nificantly in absolute value from one morphotype to
another; for example, the XM computed for MZAD
(Table E-3) ranges from 0.269 to 0.365 among different
morphotypes, which is as great a range in variation as
that seen by comparing individual zoaria with each other
(Table D-3). Once again, we must conclude that T. car-
bonaria is a highly variable species.

Comparison of the features of some morphotypes with
those noted in deeper tangential sections made from one
zoarium is instructive. The tangential sections classified
in the Cl, PI, and OC nnirphotypes very closely resemble
deep tangential sections, which cut near the boundar n
between the peripheral and outer axial regions, in having
elongate, polygonal, large, thin-walled zooecia and small,
undeveloped acanthopores. Moreover, these morphotypes
have comparatively quite thin peripheral regions, as do the
distal ends of large zoarial branches. Therefore, these mor-
photypes apparently represent zoarial fragments which
were killed at about the stage of growth when their zooecia
were beginning to form peripheral regions external to
their axial regions. On the other hand, some morphotypes
(particularly the PR morphotype), which have thick
peripheral regions and many diaphragms in the peripheral
region, in these characteristics closely resemble the proxi-
mal, basal, and presumably much older segments of large
zoarial branches. These comparisons suggest that the
morphotypes seen among Wreford Tabulipora carbonaria
zoarial fragments may be correlated in part with the
relative positions within the zoaria from which they were
derived and thus in part with the relative stages of growth
represented by the fragments.
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MORPHOLOGIC VARIABILITY AMONG
WREFORD TABULIPORA CARBONARIA

ZOARIA IN RELATION TO
DIAPHRAGM TYPES

Examination of some of the numerical morphological

characters (e.g., TP, AR) as expressed among the differ-

ent morphotypes of Tabulipora carbonaria (Appendix E)
suggests that several morphotypes vary together in a
similar manner. Consequently, let us group the Wreford
Tabulipora carbonuria specimens into four large groups

according to kinds of diaphragms which each zoarium
possesses and compare the morphological characteristics

of the groups (Appendix F).
One group—the C group of Appendix F—consists of

all Wreford Tabulipora carbonaria zoaria with zooecia
containing only complete diaphragms; in other words,
the CB, CG, CD, CC, and Cl morphotypes. A second
group (P group of Appendix F) includes all Wreford
specimens with zooecia containing centrally perforated
diaphragms, complete diaphragms, and some hemi-
phragms (i.e., PB, PG, PD, PC, and PI morphotypes).
The third group (H group of Appendix F), consisting
of the HB, HG, HD, and HC morphotypes, comprises
all Wreford zoaria with zooecia containing only hemi-
phragms and complete diaphragms. Finally, the fourth
or 0 group (Appendix F) includes all Wreford zoaria
which lack diaphragms entirely (OC morphotype).
These four groups, like the morphotypes, are defined in
such a way that a zoarium can be classified unequivocally
in one of them; while this capability of the definitions of
the groups is helpful in considering the morphologic
variability shown by the Wreford specimens, it neverthe-
less should be obvious that these groups are arbitrary and
artificial ones and do not allow adequate expression of
morphological intermediates among zoaria more typical
of each group.

As was true with the morphotypes, in both qualitative
and numerical morphological characters, the four groups
based on diaphragm types are highly variable, both abso-
lutely and relatively, as can be seen by inspecting Tables
F-1 through 22. However, all groups are obviously simi-
lar enough to the entire Wreford Tabulipora carbonaria

collection to be considered reasonably as members of one
species. Even so, the four groups differ in some of their
numerical morphological characters.

Zoaria with centrally perforated diaphragms tend to
have thick peripheral regions (TP high; Table F-7), AR
low (Table F-8), zooecia meeting the zoarial surface at
nearly right angles (Table F-9), and many diaphragms in
the peripheral region (PE-DTZ high; Table F-11).

Zoaria with only hemiphragms and complete dia-
phragms and zoaria with only complete diaphragms both

are characterized by thin peripheral regions (TP low;

Table F-7), high AR's (Table F-8), zooecia meeting the
zoarial surface somewhat obliquely (Table F-9), and few
diaphragms in the peripheral region (PE-DTZ low; Table
F-11).

The few zoaria which lack diaphragms entirely are
distinctive in a number of ways. They have no peripheral
regions (TP=0; Table F-7), AR high (Table F-8), and
zooecia meeting the zoarial surface quite obliquely
(AZMS low; Table F-9). Their zooecial apertures are
elongate, polygonal, and large (MZAD high; Table F-3);
their interapertural walls arc thin (IWT low; Table F-4).
Their acanthopores are somewhat less numerous (Al low;
Table F-5) and smaller (MAOD low; Table F-6) than
those of the other three groups.

The resemblance of each of the four groups to sections
made from different parts of one large zoarial branch is
indeed striking. The 0 group is closely similar in its
characters to deep tangential sections and to distal grow-
ing tips. The P group has the sanie characteristics as the
proximal, basal, oldest parts of a branch. And, the C and
H groups are intermediate, and resemble some of the
areas in a branch between the growing tip and the base
of the branch. Therefore, I believe it reasonable to con-
clude that these four groups represent zoarial fragments
in different stages of colony growth, the 0 group repre-
senting mostly young, the C and H groups intermediate,
and the P group old parts of Tabulipora carbonariu zoaria.

The four groups based upon diaphragm types seem to
coincide with the concepts of certain genera as used by
some authors (BAssLER, 1953, p. ( 101, G104, G105), as
mentioned earlier. The 0 group could be identified as
Stenopora, the C group as Stenodiscus, and the P group
as Tabulipora, and the H group as possibly a new genus.
However, the groups all belong to a suite of specimens
representing one species. Either these genera are based
upon a character (diaphragm type) which varies within
local populations of one species, and thus the generic
concepts are very artificial and have no taxonomic worth,
or the genera in question are distinct, but their diagnostic
differences have not been adequately outlined in the
literature. Only future work can enable us to adopt one
or the other hypothesis. In any event, however, I believe
that presence or absence of particular diaphragm types
can not be regarded as reliable taxonomic characters
among bryozoans closely allied to Tabulipora carbonaria,

because those characters vary so widely within one species.
Some trepostome species have been defined on the

basis of presence or absence of diaphragms in the axial
regions of zoaria. Some Wreford Tabulipora carbonaria

zoaria lack, others possess, diaphragms in their axial
regions. Consequently, I believe that presence or absence
of axial-region diaphragms also lacks taxonomic signifi-
cance, at least among tabuliporid bryozoans.
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MORPHOLOGIC VARIABILITY AMONG
WREFORD TABULIPORA CARBONARIA

ZOARIA IN RELATION TO WALL
MICROSTRUCTURES

We can also separate the Wreford Tabu lipora car-
bonaria zoaria into three large groups based upon kinds

of wall microstructures exhibited within each zoarium.

One group (G group of Appendix G) consists of all sped-
mens at least some of whose interapertural walls possess

granules when seen in tangential section; it includes the

CB, CG, PB, PG, HB, and HG morphotypes. A second

group includes all specimens at least some of whose
interapertural walls possess divisional lines (D group of

Appendix G); this group includes the CB, CD, PB, PD,
HB, and HD morphotypes. A third group (N group of
Appendix G) consists of all zoaria none of whose inter-
apertural walls possess granules or divisional lines; this
group contains the CC, Cl, PC, PI, HC, and OC morpho-

types. These three groups, unlike those based upon dia-
phragm types, are not mutually exclusive groups; a
zoarium displaying both granules and divisional lines in
different parts of thin sections made from it is classified
within both the G and the I) groups.

In both qualitative and numerical in
characters, each of the three groups based upon wall
microstructures is relatively highly variable, as is best
shown by the high CV's obtained from each group for
each numerical character (Appendix G). The three
groups differ noticeably, however, in their mean values
for only a few of the numerical characters, as can be
ascertained by inspecting Tables G-1 through 22; this fact
supports the conclusion stated before that the groups are
all conspecific.

Zoaria which show granules and zoaria which show
divisional lines in their interapertural walls are very simi-
lar, and both differ from zoaria which show neither in
several ways. The zoaria which possess neither granules
nor divisional lines—the N group of Appendix G—have
comparatively thin peripheral regions (TP low; Table
G-7), high AR's (Table G-8), zooecia meeting the surface
obliquely (AZMS low; Table G-9), and few diaphragms
in the peripheral region (PE-DTZ and PE-DI low;
Tables G-I I, 14). They also possess slightly smaller acan-
thopores (MAOD low; Table G-6) than do the zoaria of
the G and D groups. In these characters, the N group
resembles—and, 1 believe, in general represents—younger
portions of zoarial branches, while the G and D groups
are more similar to and represent older, inure  proximal
parts of the branches.

IMPLICATIONS FOR BRYOZOAN TAXONOMY FROM
MORPHOLOGIC VARIABILITY OBSERVED IN

WREFORD TABULIPORA CARBONARIA

The extremely great morphologic variability observed
among the Tabulipora carbonaria specimens collected
from the Wreford Megacyclothem in Kansas has some
clear implications for practicing bryozoan taxonomists.

First, bryozoan species similar to Tabulipora car-
bonaria must be so defined that they include a wide range
of morphologic variability, both in qualitative and in
nl1111Crical morpholi ngical characters. The variability ob-
served among several thin sections made from a single
colony constitutes the minimum range of variability al-
lowable within the species to which that colony belongs.
The total range of variability for the species can be ex-
pected to be considerably larger than that seen within
one zoarium.

Second, erecting a new bryozoan species on the basis
of a single zoarium should be done only if that zoarium
is drastically different in many of its characters from pre-
viously described species. The numerical morphological
characters of a single zoarium can indicate the characters
of the species to which it belongs in only an approximate
manner.

Third, morphologically (I)1ith qualitatixTly and nu-
merically) easily definable and distinct groups of bryo-
zoan specimens within a single collection inay or may not
represent biological species. Such groups may, instead,
often be best treated as morphotypes or intrapopulation
variants within a single species. Although sometimes
followed by paleontologists, the practice of naming differ-
ent morphotypcs of a single species as different species is
a poor one because it obscures understanding of that
single species as a group of fundamentally similar (for-
merly) living organisms. This intensive study of Tabu-

pora carbonana indicates, I believe, what a reasonable
approximation to a biologic species concept is as applied
to late Paleozoic trepostome bryozoans. The example of
the application of this kind of species concept to these
fossils is one of the most important contributions which
this report can make.

Fourth, the morphological variability seen among the
Wreford Tabulipora carbonaria specimens indicates which
morphological characters are potentially useful taxonom-
ically among tabuliporid bryozoans.
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We can consider the variability shown by a single
numerical morphological character in three different ways
in order to judge its relative taxonomic usefulness. A
comparatively useful taxonomic character should, first,
vary little in absolute value throughout one zoarium. Sec-
ond, it should vary little in absolute value among different
groups all of which arc made up of individuals belonging
to a single species. Third, its relative variability should be
low, as indicated by a comparatively low value of its co-
efficient of variability (CV). A single morphological
character may be taxonomically valuable when fulfilling
only one or two of these requirements, but obviously the
taxonomically most valuable character is one which satis-
fies all three of the criteria stated above.

Appendices A, B, and C indicate how the numerical
morphological characters of Tabulipora carbonaria vary
in absolute value within one zoarium. Appendices E, F,
and G indicate how those characters vary absolutely
among different subdivisions of T. carbonaria. Tables 8
and 10 indicate the relative variability (CV) of each char-
acter. Inspection of these tabulations suggests that Z I, Z2,
MZAD, and MOI are among the potentially more useful
taxonomic characters, and that Al, MAOD, OA-DTZ,
and 0A-D1 are possibly almost as useful. Potentially less
valuable as taxonomic characters are TP, AR, AZMS, and
PE-DTZ. The other characters studied are of intermedi-
ate taxonomic value. Characters obtained from tangential
sections are mostly potentially valuable in taxonomic
work on these bryozoans, while many of the characters

observed in longitudinal sections are potentially less valu-
able. Taxonomic judgments must be based upon the total
morphological pattern, including both average values and
ranges of variation of all characters, displayed by the
specimens studied, rather than upon single characters;
nevertheless, indicating what characters are potentially
valuable taxonomically often aids other workers in mak-
ing such judgments.

As discussed previously, the presence or absence of
particular kinds of diaphragms can not be considered as
a taxonomically valuable character among bryozoans
closely related to Tabulipora carbonaria, because the dif-
ferent types of diaphragms are found in all possible com-
binations within the Wreford T. carbonaria zoaria. How-
ever, values of the various counts of the numbers of dif-
ferent kinds of diaphragms—PE-PDTZ, PE-HDTZ, etc.
—may have some possible taxonomic value as judged by
the criteria outlined in the preceding paragraph.

Zooecial ( interapertural) wall microstructures seen
within the Wreford suite of Tabulipora carbonaria speci-
mens include kinds formerly thought by some workers to
be of such great taxonomic significance that they were
used to define suborders of trepostome bryozoans (2, p.
G92), as well as kinds merely described but not defined
by their authors as necessarily having taxonomic signifi-
cance (5, p. 3 (1-33; 87, p. 937). The occurrence of different
wall types within the one species T. carbonaria indicates
that such wall types have no taxonomic significance, at
least among tabuliporid bryozoans.

LIFE HISTORY OF INDIVIDUAL WREFORD
TABULIPORA CARBONARIA ZOARIA

Some of the morphologic variations observed within
single Wreford Tabulipora carbonaria zoaria permit re-
construction of certain aspects of the life histories of these
zoaria. Some aspects could be considered as primarily
ontogenetic, that is, concerned with life histories of the
individual zooids; others could be regarded as primarily
astogenetic, that is, concerned with the life history of the
zoarium as a whole. However, because the topics dis-
cussed in the following pages involve both the zooids and
the zoarium in significant degrees, I make no attempt to
distinguish artificially between ontogenetic and astoge-
netic aspects of T. carbonaria life histories.

Particularly useful in interpreting life histories of
members of this species are some of the systematic, pro-
gressive changes which are evident within a single zoar-
ium. Changes seen by studying successively shallower,
serial, tangential sections and changes observed in examin-
ing successively more proximal segments along a zoarial
branch 1)oth run parallel to changes which took place as
a colony grew progressively older.

Unfortunately, the ancestrula—the earliest-formed
zooid of a bryozoan colony—and its immediately de-
scendant zooecia could not be identified in any of the
Wreford Tabidipora carbonaria zoaria, either ramose or
encrusting. Consequently, the pattern of budding by
which the earliest stages of zoaria of this species were
built could not be ascertained. Patterns of budding are of
great taxonomic importance among living bryozoans. If
such patterns could be determined for many fossil bryo-
zoans, we might be able to construct a much less artificial
generic, familial, and ordinal classification of these or-
ganisms than that in current use.

The manner in which a zoarial branch increased in
length and diameter during its life span can, however, be
inferred from study of individual Tabulipora carbonaria
zoaria and is similar to that outlined by BOARDMAN ( 1960,
p. 38-40) as a result of his study of Devonian ramose
trepostomes. Zooecia in the distalmost, rounded tip of
the zoarial branch apparently grew rapidly, extending
their length and budding off other zooecia. The insertion
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of new zooecia between several contiguous ones forced

the more laterally located older zooecia to bend progres-

sively away from the central axial line of the branch as

they grew in length, and thus to meet the zoarial surface
progressively more nearly perpendicularly as the seg-
ment of the zoarial branch which they comprised in-
creased in diameter and fell ever farther below (proximal
to) the actively growing distal tip of the branch. The
zooecia at this stage of growth had polygonal apertures,
thin walls without monilae, and few or no diaphragms;
their acanthopores were very small and virtually unrecog-
nizable; and the zoarial branch segment made up by these
zooecia had no peripheral region (TP=0), a high axial
ratio (AR,100), and zooecia which met the zoarial sur-
face obliquely (AZMS low). When the zooecia compris-
ing the zoarial branch segment just described had become
moderately long and were meeting the zoarial surface
nearly perpendicularly, their rate of increase in length
diminished considerably, but they continued to grow out-
ward perpendicularly to the zoarial surface. Their rate of
secretion of wall laminae and rate of addition of new
diaphragms apparently remained approximately the same
as before, so that the zooids were now adding many more
wall laminae and diaphragms for each unit of length by
which they increased their zooecia. At this stage of
growth, the zooecia had more rounded apertures, thick
walls (with well-developed monilae, granules, and divi-
sional lines), and many diaphragms, including a few
hemiphragms and centrally perforated diaphragms; their
acanthopores were large and conspicuous; and the zoarial
branch segment made up by these zooecia had a thick
peripheral region (TP high), a low axial ratio (AR low),
and zooecia which met the zoarial surface essentially
perpendicularly (AZMS=90°). After a considerable
period of slow growth, the zooecia may have then ceased
to grow. In the few very large Wreford T. carbonaria
zoaria collected, the peripheral region tends to be constant
in thickness from the proximalmost preserved part of the
colony upward along the branches for a short distance
and only then decreases toward the distal growing tip.
Thus, there may have been a maximum limit on the
duration of active growth of the zooecia. This limit may
have been inherent in the physiology (and due either to
aging or death) of the polypide contained within the
zooecium, but it may in part also have been the result of
rapid sedimentation burying the base of the colony and
thus killing the zooids located there.

Meanwhile, up at the distal growing tips of the zoarial
branches, the zooecia continued growing rapidly. Peri-
odically, however, the rate of growth of the zooecia all
over the distal growing tip slowed down; and a thin
peripheral region—with thick zooecial walls and some
diaphragms—was formed over the tip. Then, the zooecia

began growing rapidly again, leaving the peripheral

region formed during the previous period of slow growth

as a thin, distally convex, hemispherical zone of thick

zooecial walls and diaphragms lying within the otherwise
thin-walled axial region. Generally, some of the periph-
eral zone calcareous material was resorbed as the zooecia
grew rapidly distally from it, so that many remnants of
the peripheral zones of previous periods of slow growth
at the distal growing tip are not well preserved within the
axial regions of the branch. The fact that most of the
Wreford growing tips of Tabulipora carbonaria lack
peripheral regions suggests that the periods of rapid
growth of the distal branch tips were much longer in
duration than the periods of slow growth; in this respect,
T. carbonaria apparently differs from the Devonian trejx)-
sunlit! species studied by BoARDmAN (1960, p. 38). The
cyclicity implied by the occurrence of the remnants of
several thick-walled previous growing tips within the
axial region of a zoarial branch is not evident in the struc-
tures of the laterally situated peripheral region in more
proximal segments of that branch. The cause of this
cyclicity is not known; it could possibly be an annual
phenomenon (as discussed later in this section), or it
could be the result of reproductive cycles within the
colony, or it could be due to periodically but not annually
recurring environmental conditions.

Secondary overgrowths, some arising from zooecia of
the same zoarium and some apparently descended from
larvae which settled on the zoarium, appear as patches on
the outer surface of many Wreford Tabulipora carbonaria
zoaria. Many secondary overgrowths cover regions of the
zoarial surface in which the zooids had already died and
their zooecia had been filled up with lime mud (micrite)
or terrigenous mud from their apertures down to the
complete diaphragm lying nearest the zoarial surface.
Other secondary overgrowths apparently cover areas in
which the zooids were still alive and were thus smothered
by the layer. The zooids of some overgrowths were so
much more vigorous than those of the underlying zoar-
ium that the overgrowths extended completely around
the circumference of the branch, and then grew distally,
covered the distal growing tip of the branch, and finally
continued to grow and function as a new growing tip
increasing the length of the branch. A secondary over-
growth may itself be covered by a younger overgrowth
(Pl. 7, fig. 10); some Wreford specimens contain as many
as three superimposed overgrowths covering an under-
lying zoarial branch.

Periodically, the zooecia in the distal growing tip of
the zoarial branch budded off unusually large numbers of
new zooecia; insertion of these new zooecia caused the
branch tip to become unusually large and swollen. Slight
differences in the rate of growth of the zooecia in the
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center and on the lateral edges of this expanded growing

tip apparently resulted in the development of topograph-

ically slightly higher areas on two sides of the tip. Inser-

tion of new zooecia among those in the center of one such
lateral elevated area forced those on the flanks of the area
to bend away from the direction of growth of those in the
center of the area and thus prevented continued rapid
distal growth by the zooecia in the center of the expanded
growing tip between the lateral elevations. Continued
growth distally by the zooecia in the center of the ele-
vated areas and continued growth progressively more
laterally by the zooecia on the flanks of those areas re-
sulted in the growth of two zoarial branches from the one
original branch. The stimulus ultimately responsible for
bifurcation of the zoarial branches in Tabulipora car-
bonaria zoaria is not known.

The relationships seen between the proximalmost part
of a newly introduced zooecium and zooecia adjacent to
it in Tabulipora carbonaria are similar to those relation-
ships illustrated for certain cyclostome bryozoans (4, p.
359). In the latter bryozoans, a zooid cuts off a lateral part
of its polypide by secreting an obliquely oriented calcare-
ous partition within the polypide; the polypide material
thus isolated then develops into a new zooid. In T. car-
bonaria, some zooids cut off parts of their polypides on
their side nearest the distal growing tip of the zoarial
branch (Fig. 17,X), others on their side farthest from the
growing tip (Fig. 17,Y), and still others in an intermedi-
ate position (Fig. 17,Z); these different kinds of zooids
are best distinguished in longitudinal sections.

The zooecial wall material of Tabulipom carbonaria
was apparently secreted as successive sheets, each consist-
ing of tiny calcite grains. The precise relationship of the
zooecial wall material to the polypide of the zooid is
uncertain. However, the arrangement of the laminae of
the zooecial walls and diaphragms implies that all soft
parts lay nearer the zoarial surface than the calcareous
materials secreted by the soft parts. Moreover, the entire
zoarial surface was probably covered with soft tissues, as
suggested for other trepostomes by BORG (1965, p. 63).
The relative quantities of calcareous material contributed
to the zooecial walls by the polypides of the autozooids
and by those of the acanthozooids are not known.

No calcareous skeletal structures obviously related to
sexual reproduction or brooding of embryonic larvae are
observable in Tabulipora carbonaria zoaria collected from
the Wreford Megacyclothem. Monticules, maculae, or
acanthopores were possibly concerned with these aspects
of the life history of a T. carbonaria zoarium; but they
possibly were not.

Similarly, no preserved materials in the Wreford spec-
imens can be interpreted unequivocally as resulting from
degeneration and regeneration of polypides and associated

formation of brown bodies, which is a common occur-

rence in the life histories of living bryozoan species. How-

ever, centrally perforated diaphragms and hemiphragms
which were secondarily closed over (Fig. 17,P-R) con-
ceivably may have been closed over in order to seal up the
remnants of degenerated polypide material further below
the zoarial surface than the polypide occupying the distal-
most part of the zooecium.

A few structures which probably result from patho-
logic or teratologic conditions are seen in Tabulipora
carbonaria zoaria. In a few zoaria, a few interapertural
walls are incomplete, so that two adjacent zooecial aper-
tures are continuous (Pl. 8, fig. 3). In one tangential
section, an acanthopore is double but incompletely sepa-
rated in a manner resembling Siamese twins. In a very
few zoaria, thin-walled zooecia have proliferated into or
around elongate, hollow depressions in the zoarial surface
that have been identified as borings of Bascomella gi-
gantea, a possible ctenostome bryozoan ( 1 6, p. 539-541,
564) (Pl. 7, fig. 1). Finally, zooecia in one zoarium sur-
rounded and grew up around a cylindrical hollow of
unknown origin but which possibly could represent a
tube of some kind of annelid worm (Pl. 3, fig. 2, 4).

Several stages can be recognized in the life history of
an individual zoarium of Tabulipora carbonaria living in
Kansas during the Early Permian. Because these stages
will be useful in considering other topics, their relevant
characteristics are given in Table 11. In most of their
various morphological characteristics, including Z I,
MZAD, Al, and so forth, zoaria in different stages are
essentially alike. However, the average axial ratio of the
zoarium as a whole, computed from measurements made
at approximately 5 mm. intervals along the zoarial
branches, decreased noticeably as the colonies aged. A
variety of names of Latin or Greek derivation have been
applied to different stages in the growth of colonial
organisms. Use of these names for the T. carbonaria
stages would be more confusing than use of my two-letter
symbols (Table 11) which signify encrusting hemi-
spherical (EH), cylindrical unbranched (CU), ramose
small (RS), ramose medium-sized (RM), ramose large
(RL), and ramose gigantic (RG) zoaria.

The larva, ancestrula, and very earliest zoarium of
Tabulipora carbonaria are not known. Encrusting, sheet-
like to hemispherical zoaria, consisting of about 30 thin-
walled zooecia with small acanthopores and covering an
area 1-2 mm. in diameter, were found on only a few
brachiopod and crinoid skeletal remains collected from
the Wreford, even though large quantities of fossil debris
were searched for just such encrusting bryozoans (Pl. 3,
fig. 5, 9, 10, 12). The fact that so few of these zoaria were
found implies that this stage (EH of Table 11) was of
very short duration compared with the total life span of
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TABLE 11. Characteristics of Single Tabulipora carbonaria Zoarium at Digerent Stages in Its Life History.

Stage EH CU RS RAI RI. RG

Form of zoarium    encrusting,

hemispherical

cylindrical,

unbranched
ramose ramose ramose ramose

Branch diameter (mm.) at base of zoarium 	 2 3 10 15 15 15

Height (mm.) of distalmost growing tip above base of zoarium 1 5 35 60 160 300

Number of points of branching in entire zoarium 	 0 0 I 1 2 8

Approximate number of zooecia in entire zoarium 	 3x10 7x10 2x10' 8x10' 2x10" lx10"

XM(SD) of AR (axial ratio) for entire zoarium,

computed from measurements made every 5 mm.

along each branch of zoarium 	 100(0) 100(0 ) 81(14) 74(18) 64(20) 58(20)

Abundance among specimens collected from

Wreford Megacyclothem in Kansas 	 very rare common abundant rare very rare absent

EFL encrusting hemispherical zombi; CU, cylindrical unbranched zoaria; RS, ramose small zoaria; RM, ramose medium-si,ed zoaria; Rt., ramose large zoaria;

Rri, ramose gigantic zoaria.

the average colony of the species. The stage labelled RL

in Table 11 occurs very rarely in the suite of Wreford

specimens of T. carbonaria; only one zoarium of that size

was collected (Pl. 4, fig. I). The RG stage was not found

in the Wreford; it is, however, a stage that presumably

could be attained by some colonies under ideal conditions.

As indicated by Table 11, almost all Tabulipora car-

bonaria zoarial fragments collected were less than about

70 mm. long, measured from their distalmost growing tip

back down to their proximalmost preserved end. In all

ramose zoarial fragments the proximalmost end is broken

off; the basal attachments of none of these zoaria are

preserved. Consequently, the total length or height at-

tained by each zoarium represented in the collection can

not be determined. However, several considerations sug-

gest that the zoarial fragments collected represent many

small zoaria about the size of the fragments rather than

a few large zoaria which broke up after death of the

colony. Most of the fragments collected have compara-

tively thin peripheral regions and consequently high axial

ratios (AR); the average AR for the Wreford specimens

both in general (Table 6) and at individual localities

(Appendix N) is also high. A large proportion of the

fragments are distal growing tips of zoarial branches.

Although zoarial Cragments are abundant at some locali-

ties, I never found any groups of closely associated frag-

ments at these localities. Assuming that any large

zoarium of T. carbonaria would have possessed essentially

the same characteristics as the very few large ones which

were found, we would expect different circumstances

from those observed, if the zoarial fragments had been

derived mostly from larger zoaria. We would expect to

bind at least a few much longer and more frequently

branched zoarial fragments, many more fragments with

a thick peripheral region and consequently low AR, and

a considerably lower average AR for both the entire

Wreford collection and collections made at single locali-

ties. Significantly fewer distal growing tips would also

have been collected, and at least some aggregates of closely

associated fragments, representing large zoaria essentially

unmoved from their living sites, would probably have

been found (5, p. 10). Consequently, I believe it likely

that the T. carbonaria zoarial fragments represent many

small zoaria, each of about the same total size as the more

complete fragments found.

This conclusion implies that there was some limit to

the maximum size attainable by individual Wreford

zoaria. That limit may have been due to physiological

causes, such as aging of the zooids of the zoarium. It

may have resulted from mechanical causes, such as the

zoaria growing too top-heavy for their substrate to sup-

port them upright after they reached a certain size. It

may have been due to external causes, such as rapid

deposition of lime or terrigenous mud which would

smother the zooids and prevent further zoarial growth.

And, it may have resulted from a combination of these

causes. Some characteristics of the Wreford zoaria may

indicate the causes of this limit. Virtually none of the

Wreford specimens shows evidence of any zoarial growth

other than that which took place, both around the circum-

ference and at the distal tips of the branches, when the

branches were erect. None of the zoaria except the one

RL zoarium collected displays any apparent (physiologi-

cal) limit to the length of the zooecia in the proximal

parts of the zoaria. Perhaps, Tabuhpora carbonaria zoaria

grew erect until they were top-heavy, then fell over into

the mud of the sea floor on which they dwelt, and were

smothered by accumulating fine sediment before the

zooecia of their distal growing tips could begin to grow

upward away from the bottom. Although the foregoing

interpretation is offered as speculation, it at least accounts

for the pertinent observed characteristics of the Wreford

zoa ria.
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The rate of growth of trepostome zoaria is unknown.

If the remnants of previous, thick-walled growing tips

seen within the axial regions of some zoarial branches

represent annual phenomena, then the distance between

successive growing tips would be the annual increase in
length of a zoarial branch. We could thus conclude that

Tabulipora carbonaria zoarial branches increased in length
by about 5 to 40 mm. each year, which is a figure quite

reasonable compared to the known growth rates of simi-
lar organisms.

Zoarial growth rates are known for a few living bryo-
zoans. Some species of Bugula have zoaria which contain

about 1,000 zooids by the end of their first month of life
(47, p. 363) and attain a total zoarial height of 80 mm. in
8 months (13, p. 53, 54). Although Tabulipora carbon-
aria is obviously not identical in growth form with

Bugula, let us assume that the growth rates of these or-
ganisms are roughly comparable, and use the growth rate
inferred from Bugula to obtain a very approximate and

speculative estimate of the age of a Tabulipora carbonaria
zoarium at each of the stages (defined by Table 11) in its

life history. In gross aspect, T. carbonaria resembles the

living branching corals Pontes pontes and .4cropora cer-
vicornis; average annual increases in branch length of

these species are 20 mm. (103, p. 228) and 100 mm. (38,

P. 36, 37), respectively. We can scale down these coral

growth rates by the same factor by which T. carbonaria
zooecia are smaller than the corallites of those two species,

and use the scaled-down growth rates-6 mm./yr and
30 min./yr, respectively—to estimate the ages of different

T. carbonaria zoaria.

The resulting ages estimated for zoaria in different

stages of the life history of Tabulipora carbonaria are

presented in Table 12. Most of the Wreford zoaria rep-

resent the RM or earlier stages; the age of these zoaria at

death was thus quite possibly on the order of, at most, a

few months to a few years. A very few zoaria survived

to the RL stage during Wreford deposition; these con-

ceivably could have been as much as several years old

when killed. No R(; zoaria were found in the Wreford
localities sampled.

The foregoing results are interesting because they indi-

cate that the possible life spans of individual zoaria were

of the right order of magnitude for the periods of slow,

thick-walled growth at the distal growing tips of the

branches to have been of annual or seasonal nature.

Many of the smaller Wreford zoaria have two to five

previous growing tip remnants in their axial regions; the

largest zoarium collected contains at least seven different

growth increments. If these increments were annual, the

age of these zoaria at death would have been on the order

of a few years, which agrees with that speculatively esti-

mated from application of known growth rates of colonial

organisms to Tabulipora carbonaria colonies.

TABLE 12. Estimates of Age of Tabulipora carbonaria

Zoaria at Digerent Stages in Their Life Histories.

Age ( years) calculated from growth rate based on
Stage
in life
history

Bugtda,
number of

zooids

Bugula,
zoariul
height

Pontes	 Aeropora
pornes,	 eervicornis,

scaled down scaled down

EH 	 <0.1 <0.1 0.2 <0.1
CU 	 0.1 <0.1 0.8 0.2
RS 	 1.7 0.3 5.8 1.2
RM 	 6.7 0.5 10.0 2.0
RL 	 16.7 1.3 26.7 5.3
RG 	 83.4 2.5 50.0 10.0

GEOGRAPHIC (CLINAL) VARIATION IN
WREFORD TABULIPORA CARBONARIA

Many living animal species, especially terrestrial ones,

show progressive morphological changes as adjacent local

populations of the species are studied in sequence from

one part of the species' range to another. The gradual
change in expression of one morphological character

along this series of neighboring populations is called a

character gradient or cline (MAya, 1963, p. 361-364).
Much of the geographic variation in the morphology of

animal species is in the form of clines; much of it, how-

ever, consists of irregular and apparently random fluctua-

tions in expressions of morphological characters. Very

little study has been made of the geographic variations

present in fossil animal species.

Two units within the Wreford Megacyclothem yielded

enough specimens of Tabulipora carbonaria to warrant

an attempt to analyze geographic variation within this

species in Kansas during two short moments of geologic

time. The two units are the widespread calcareous shale

in the lower part of the Havensville Shale Member and
the widespread calcareous shale in the upper part of the

same member; each may be regarded as essentially syn-

chronous and environmentally similar throughout its

extent. The distance along the outcrop of the units in

Kansas is comparable to distances within which well-

developed clines or character gradients have been ob-

served in other organisms (MAyR, 1963, p. 363). Data

obtained from specimens collected from one of the shale

units at several closely spaced localities were pooled in

order to determine the morphological characteristics of

each of a series of several adjacent populations of T. car-
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bonaria spaced from north to south across Kansas. The

results of this analysis are presented in Appendix H.
Most of the geographic variation in morphological

characteristics of Tabuhpora carbonaria in each of the
two units studied consists of irregular, random, unsystem-
atic fluctuations in both qualitative and numerical mor-
phological characters, and in the average percentages of
zoaria possessing different kinds of diaphragms (Table
H-23) and wall microstructures (Table H-24). Numeri-
cal characters which varied irregularly in T. carbonaria
across Kansas during both earliest and latest Havensville
time include Z1, Z2, MZAD, IWT, Al, MAOD, AZMS,
MOI, and all but one of the diaphragm counts (Tables
H-1-6, 9, 10, 12 through 22). Perhaps future application
of factor analysis or trend-surface analysis would reveal
some patterns in these apparently random variations.

The closely correlated numerical morphological char-
acters TP, AR, and PE-DTZ, on the other hand, show
progressive variation geographically across Kansas in the
uppermost Havensville (Fig. 18). Although not entirely
in a regular manner, TP decreases (Table H-7), AR in-
creases (Table H-8), and PE-DTZ decreases (Table H-
11) southward across the state. In addition, the means of
AR for the northernmost and southe rn most samples differ
statistically at about the 5 percent level of significance.
Consequently, at least a few numerical morphological
characters of Tabulipora carbonaria vary clinally or pro-
gressively in going across Kansas within the calcareous

shale at the top of the Havensville Shale Member. The
zoaria living to the north had thicker peripheral regions
plus more peripheral-region diaphragms and therefore
were probably longer-lived than those living to the south

at the time this unit was deposited. The areas to the south
were nearer shore than those to the north; environmental

NEBR.:
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FIGURE I S. Progressive	 geiigraphic variat ion in means of
three numerical morphological characters of Tabidi pora carbonaria

specimens from uppermost part of Havensville Shale collected at
localities across Kansas.

conditions nearer shore possibly were slightly harsher

than those farther from shore and thus slightly decreased

the average life span of the more southerly T. carbonaria

zoa ria.

0.4

PALEOECOLOGY OF WREFORD TABULIPORA CARBONARIA

ZOOGEOGRAPHIC DISTRIBUTION
Tabuhpora carbonaria was comparatively widely dis-

tributed throughout the central part of North America
(hiring the later part of the Pennsylvanian Period and the

earlier part of the Permian Period. Specimens identified
as belonging to this species have been reported from
Ohio, Illinois, Missouri, Nebraska, Kansas, Oklahoma,
New Mexico, and Nevada (Fig. 19); for details, consult

references listed in the synonymy given earlier for the

species. This zoogeographic range is comparable in extent

with those of many living marine animal species with a

sessile mode of life like T. carbonaria, such as various

corals, bryozoans, and oysters. Comparison of the distri-

bution of this bryozoan with the regional paleogeography
of central North America as outlined previously implies

that the species lived mostly on shallowly submerged

i narine shelf areas.

The collection of Tabulipora carbonaria made form

the Wreford permits study of the local zoogeographic

distribution of that species in Kansas during Wrcford
time. Appendix N gives the pertinent characteristics of
each locality at which specimens of T. carbonaria were
found. Figures 2 and 20-31 indicate the distribution of
T. carbonaria in the Wreford Megacyclothem in Kansas
by recording the presence or absence of that species in
each locality visited. The distributional maps treat dif.
ferent rock types at the same stratigraphie horizon—that
is, different rock types bearing the same relationships to
the horizons representing presumed maximum transgres-
sion and regression of the sea—as of essentially the same
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age throughout their extent; in my opinion, the various
rock-stratigraphic horizons (lower part of Threemile,
upper part of Threemile, upper part of lower part of
Havensville, etc.) are close enough to time planes for us
to use them in this fashion. Two points require further
comment. First, as indicated much earlier, I regard the
algal and algal-molluscan limestones at the top of the
Threemile Limestone Member in southern Kansas as at
least partially time equivalent to the lower and lower
middle parts of the Havensville Shale Member (Fig. 25,

26). Second, topographically high parts of the carbonate-
mud banks (chalky limestone) of the middle upper
Threemile probably projected above the surrounding sea
floor during latest Threemile and well into Havensville
time. Because the precise configuration of the high areas
is not known, I have not placed them on the maps repre-
senting these later horizons.

Three conclusions may be drawn from inspection of
the maps showing distribution of Tabulipora carbonaria

in different stratigraphie units of the Wreford Megacyclo-

FIGURE 19. Paleozoogeographic distribution of Tabulipora carbonaria in Late Pennsylvanian and Early Permian time. l Explanation.—
Each black circle represents a state in which specimens of this bryozoan have been found.]
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them (Fig. 20-31). First, occurrences of zoarial fragments	 hut none at all at other abundantly fossilifcrous localities

of this species are quite localized. A given unit may con- only a mile distant from the first. This pattern of occur-

tain abundant specimens of T. carbonaria at one locality rence implies that the T. carbonaria colonies were very
sporadically distributed over the sea floor and lived in

NEBRASKA	 small isolated patches separated by extensive areas of sea

KANSAS	 floor in which no zoaria of this species dwelt. This in-
ferred pattern of distribution closely resembles that seen
today among many living marine colonial organisms,
such as corals.

SI

0	 10 20 30 Miles

Calcareous shale interbedded with
brachiopod - molluscan limestone

FR:eim 20. Distribution of Tabolipora carbonaria in uppermost

Speiier Shale. [Explanation.—Round dots indicate localities which

yielded at least one specimen of the species and crosses mark locali-

ties ‘vhich yielde.I none from these beds. Facies boundaries are

highly generalized.]

FIGURE 21. Distribution of Tabulipora carbonaria in lower part of

Threetuile Limestone. [Explanation as for Figure 20.1



0	 10 20 30 Miles
1111111

OKLAHOMA
	

Cherty limestone

74 	The University of Kansas Paleontological Contributions

Second, there are many more occurrences of Tabuli-
pora carbonaria at some horizons (lower lower Havens-
ville, upper upper Havensville, middle Schroyer; Fig. 29,
28, 30, respectively) than at the others in which this
species was found. Consequently, the abundance of
patches of T. carbonaria zoaria on the sea floor must have
varied considerably. At times, the sea bottom was com-
paratively barren of such patches; at other times, patches

of colonies belonging to this species must have been
rather common.

Third, areas in which calcareous shale was being
formed very often contained many patches of Tabulipora
carbonaria zoaria, while areas in which algal, algal-mol-
luscan, molluscan, brachiopod-molluscan, cherty, and
chalky limestones were being deposited had very few and
widely spaced T. carbonaria patches. The distribution of

FIGURE 22. Distribution of Tabou paru earbonaria in lower beds of	 Ficc RE 23. Distribution of Tabulipora carhonaria in middle beds of
upper part of Threemile Limestone. I Explanation as for Figure 201	 upper part of Threemile Limestone. [Explanation as for Figure 20.1
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the patches within the calcareous shales is commonly not
uniform and was probably controlled by environmental
variations which were small enough not to change the
rock type being formed throughout the area.

ZOARIAL GROWTH FORMS
Of the approximately 600 Tabulipora carbonaria zoar-

ial fragments collected from the Wreford, all but a very

few represent robust branching (ramose) zoaria. About
ten zoaria are tiny, sheetlike to hemispherical colonies
encrusting brachiopod shells or crinoid stems, and are
interpreted as very young zoaria (EH stage, Tahlc Il)
which presumably would have become robust branching
zoaria had they lived longer. About ten zoaria are small,

Algal-molluscan limestone

Ficuia. 24. Distribution of Tabulipora earbonaria in upper beds of	 FICURE 25. Distribution of Tabulipora carbonaria in lower beds of
upper part of Threemilc Limestone. [Explanation as for Figure 20.]	 lower part of Havensvillc Shale. [Explanation as for Figure 20.1
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sheetlike growths found free in the sedimentary rock
matrix but which probably encrusted soft materials not
preserved. These possibly also represent very young
zoaria, but some are sufficiently large and have thick
enough zooecial walls and large enough acanthopores
that they can be considered somewhat older, more mature
zoaria which were assuming an encrusting, sheetlike
zoarial growth form. Consequently, I believe that T. car-

NEBRASKA
KANSAS

0	 10 20 30 Miles

II 11111 I monn

Mol luscan limestone

bonaria had at least some capability of modifying its
zoarial form in response to environmental conditions
(i.e., that it was slightly unstable in the sense of STACH,

1936, 1937). A similar capability was noted by CoNDRA

(1903, p. 23) in Rhombopora lepidodendroides, a small
ramose cryptostome species found abundantly in the Penn-
sylvanian and Permian rocks of the United States.

As pointed out earlier, encrusting sheetlike zoaria in

Brachiopod -
molluscan limestone

Algal-molluscan limestone

FIGURE 26. Distribution of Tabolipora carbonaria in upper beds of

lower part of Havensville Shale. [Explanation as for Figure 20. ]

Molluscan limestone
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the Wreford rocks correspond to membraniporiform and

petraliiform zoarial growth forms among living cheilo-

stomes, whereas robust branching zoaria may be analog-

ous to the vinculariiform zoaria of modern cheilostomes.

The former cheilostome growth forms live today in both

quiet and agitated waters, the latter form only in quiet

waters. All the rock types in which Tabulipora car-

bonaria occurs in the Wreford Megacyclothem apparent-

ly represent deposition under comparatively quiet waters;

most are consolidated tcrrigenous or lime muds. Both of
the growth forms seen in Wreford T. carbonaria speci-
mens would be expected in such environments, if we
assume that Paleozoic zoarial growth forms had the same

FicuRE 28. Distribution of Tabulipora carbonaria in upper beds of	 Fl(AlRE 29. Distribution of Tabrdirora carbonaria in lower part of
upper part of Havensville Shale. [Explanation as for Figure 20.]	 Schroyer Lime,tone. [Explanation as for Figure 20.1
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FicuRE 30. Distribution of Tabulipora carbonaria in middle part of
Schroyer Limestone. [Explanation as for Figure 20. 1
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FicuRE 31. Distribution of Tabulipora carbonaria in upper part of
Schroyer Limestone. [Explanation as for Figure 20. 1
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environmental tolerances as do similar Recent cheilostome
growth forms.

A few encrusting, sheetlike zoaria are found in only
minor proportions within Tabulipora carbonaria samples
which consist predominantly of robust branching zoaria.
Consequently, whatever differences in environmental con-

ditions caused the zooids to produce encrusting sheetlike
zoaria instead of robust branching zoaria must have
operated only on a very limited scale, affecting just a
small proportion of the zoaria living in a single patch on
the sea floor. The encrusting sheetlike zoaria found free
in the rock matrix at some localities conceivably resulted
from a few of the locally produced larvae having settled
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on an algal frond rather than where most of the other

larvae settled.

SUBSTRATE

The very few young zoaria (EH stage, Table 11) of

Tabulipora carbonaria found in the Wreford encrust

various brachiopod shells I Chonetes (possibly Neocho-

news), Composita, Derbyia, Dictyoclostus (probably An-

tiquatonia)1 and crinoid columnals. The very few, now

free, sheetlike zoaria of this species probably encrusted

soft materials, such as algal fronds, which are not now

preserved.
A very few robust branching zoaria of Tabulipora

carbonaria began as an encrustation on a cylindrical, hol-

low, erect structure—possibly of algal or worm origin—

now preserved as a siliceous cylinder filled with lime or

terrigcnous mud (PI. 5, fig. 2). After completely sur-

rounding and closing over this tubular structure, the

zooids continued to grow distally and formed a robust

branching zoarium indistinguishable externally from the

other zoaria of that form.

Almost all Wreford specimens of Tabulipora car-
bonaria, however, are robust branching zoaria with the

proximal bases of the zoaria broken off completely. Con-
sequently, the objects to which thes:-. zoaria were attached

can not be definitely identified. The larvae of most living

and fossil bryozoans whose habits are known encrust only

firm objects; the only firm objects on the lime or terrige-

nous mud sea bottoms in Kansas during Wreford time

were whole or variously fragmented shell materials. Pre-

sumably, therefore, T. carbonaria larvae settled on such

shell materials lying on the surface of the mud bottom

and then commenced growth upward into robust branch-

ing zoaria.
The fact that none of the many large shell fragments

or whole shells which I examined bears bases of ramose

Tabulipora carbonaria colonies suggests that larvae of the

species may have settled preferentially on small shell frag-

ments. If this suggestion is true, then, by the time a

zoarium had attained a total height of a few centimeters,

the small shell fragment to which the larva had originally

attached possibly could no longer have served as an ade-

quate base to support the colony in a stable upright posi-

tion on the soft mud bottom. A passing fish or a small

wave or current could easily have knocked the colony over

into the !mid, where accumulating mud could have buried

and killed its distal growing tips before they could reorient
themselves and grow upward from the sea bottom. Such

an interpretation is consistent with both the lack of ob-

served T. carbonaria basal attachments and the apparent

tmximum size limit to Wreford T. carbonaria zoaria,
although it is admittedly very speculative .

MORPHOLOGIC VARIATION AMONG
ZOARIA COLLECTED FROM DIFFERENT

ROCK TYPES

Different rock types in the late Paleozoic cyclothems

of the Midcontinent region represent deposition under
different environmental conditions. In some modern ani-

mal species, individuals living in different environments
exhibit striking morphologic differences. However,
Tabulipora carbonaria zoaria which lived in environ-

ments where different rock types were formed during

Wreford time show, for the most part, only insignificant

morphologic differences.

Qualitative and most numerical morphological char-

acters and the relative proportions of zoaria possessing

different diaphragm types and wall microstructures

(Tables 1-23, 24; J-23, 24) vary without obvious pattern

among the several different rock types at each strati-

graphic horizon (Appendix J), and among the different

rock types taken as a whole (Appendix I), by about as

much as they do within one rock type at several different

horizons (Appendix 1) within the Wreford Megacyclo-
them. Numerical characters which vary in this manner

include Z1, Z2, MZAD, IWT, Al, MOI, and all but one

of the diaphragm counts (Tables I-1-5, 10, 12-22; J-l-5,
10, 12-22).

However, a few numerical morphological characters

of Tabulipora carbonaria do show some systematic pat-

terns of variation among zoaria collected from different

rock types in the Wreford Megacyclothem (Appendix 1).

Three different groups of zoaria can be recognized on

the basis of the variations observed in the numerical

characters MAOD, TP, AR, AZMS, and PE-DTZ (Tables

1-6-9, 11). First, zoaria collected from cherty, algal-mol-

luscan, and algal limestones tend to have very large

acanthopores (MAOD very high), thick peripheral re-

gions (TP high), low axial ratios (AR), zooecia meeting

the zoarial surface perpendicularly (AZMS high), and

many diaphragms in the peripheral regions (PE-DTZ
high). Second, the very few zoaria collected from chalky

limestones have small acanthopores (MAOD low), no

peripheral regions (TP-0), high AR's, zooecia meeting

the zoarial surface quite obliquely (AZMS low), and no

peripheral-region diaphragms (PE-DTZ=0). Third, the

zoaria collected from calcareous shales and brachiopod-
molluscan limestones tend to possess moderately large

acanthopores (MAOD moderately high), and intermedi-

ate values of TP, AR, AZMS, and PE-DTZ.
All morphological characters in which these three

groups of zoaria differ are ones which change significant-

ly during the life history of a colony of this species.

Consequently, we can interpret the zoaria of Tabulipora

carbom:ria which are fmind rarely in the Wreford chalky



80 	The University of Kansas Paleontological Contributions

limestones as zoaria killed early in life, those found in
the calcareous shales and brachiopod-molluscan limestones
as having survived longer, and those found in the cherty,
algal-molluscan, and algal limestones as old, long-lived
colonies. Thus, ecological conditions during Wreford
time seemingly influenced the morphological variability
within T. carbonaria primarily by governing the average
total life spans of the zoaria growing in different sedi-
mentary environments.

Encrusting, sheetlike zoaria of Tabulipora carbonaria
are very rarely seen among the specimens collected from
the Wreford Megacyclothem. These zoaria are found in
the same rock types which contain abundant robust
branching T. carbonaria colonies.

The fact that the zoaria from different rock types do
not vary systematically in morphologic characters not
directly associated with the stage of growth of the zoarium
can be interpreted in at least two different ways. First,
Tabulipora carbonaria possibly was inherently unable to
modify greatly its morphologic characteristics in response
to different environmental conditions. Second, this species
possibly could modify its morphology in order to cope
with different ecological situations, but the different en-
vironments in which the species dwelt during Wreford
time in Kansas were all so similar that zoaria of the
species did not develop significantly different morphologic
features. The facts that two different zoarial growth
forms could be assumed by the species and that all the
Wreford rock types in which the species was found are
consolidated, shelly, lime or terrigenous muds leads me to
favor slightly the second possible interpretation, although
definite conclusions can not be made yet.

RELATIVE SUCCESS OF TABULIPORA
CARBONARIA IN DIFFERENT

WREFORD ROCK TYPES

Thus far, we have noted the presence or absence of
Tabulipora carbonaria in the various rock types and the
variability shown by its morphologic features in each
within the Wreford Megacyclothem in Kansas. How-
ever, we still lack understanding of the relative abundance
or degree of ecological success of T. carbonaria in the
different rock types.

Obtaining an understanding of the relative success of
an animal species in various environments is a difficult
goal to attain, because that relative success is determined
by many different factors. After much experimenting, I
developed the quantity described in the following para-
graphs as a means of expressing the relative success of
Tabulipora carbonaria in the different environmental
situations represented in the Wreford. This quantity,
here named the "success number" (SN) for this species

in various situations, adequately fulfills that goal; how-
ever, the quantity can undoubtedly be improved in some
respects. This success number may also prove helpful in
gaining insight into the paleoecology of other species of
colonial animals, but it obviously should not be regarded
as a panacea for investigating such animals.

To begin, let us define a number SN (success num-
ber) in such a manner that larger values of it will reflect
proportionately greater success of Tabulipora carbonaria.

Therefore, we define SN (TN) (LLF) (NLY) where
(AR) (TNL)

TN =total number of zoarial fragments of T. carboncbia
collected;

LLF =total length (mm) of largest zoarial branch fragment
collected;

NLY=total number of localities which yielded fragments of
T. carbonaria;

AR =arithmetic mean of axial ratios, computed from meas-
urements made on all zoarial fragments collected;

TNL=total number of localities examined, including those
which did and those which did not yield specimens
of T. carbonaria.

We normally consider a species as more successful where
more individuals belonging to it occur; consequently, TN
is placed in the numerator. Similarly, larger sizes of the
largest colony present should be considered as indicating
greater success; thus, LLF also belongs in the numerator.
A smaller value of AR indicates that the zoaria as a group
averaged older in age or were more mature, which also
implies that the species is there more successful; conse-
quently, AR is placed in the denominator. The quotient
NLY / TNL represents the proportion of localities in
which the species occurs; since higher proportions are
regarded as implying greater success, the quotient is
placed in the numerator. In summary, therefore, SN as
here defined takes into account the size of the population
of zoaria, the maximum size or life span attained by
individual zoaria, the average maturity of the zoarial
population taken as a whole, and the population density
of the zoaria.

Values of SN can be calculated to indicate the rela-
tive success of Tabulipora carbonaria in different rock
types, different stratigraphie units, or different geograph-
ical regions. We can also calculate an SN for the species
in a particular rock type at a given horizon at an individ-
ual locality (Appendix N) by letting NLY-1 and
TNL=1. The values of SN calculated for the various
groups of T. carbonaria specimens used in this study
range from 0 to somewhat less than 100.

Various quantities similar to SN could be defined by
using maximum zoarial branch diameters instead of LLF,
percent of bryozoan fauna comprised by T. carbonaria
instead of TN, and TP or PE-DTZ instead of AR. How-
ever, for various reasons, none of these was as satisfactory
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TABLE 13. Correspondence of Success Number (SN)

with Qualitative Impressions of Abundance (QIA) of

Tabulipora carbonaria in the Wre ford Megacyclothem

in Kansas.

SN (individual
QIA	 localities)

SN (groups of
localities)

T. carbonaria:
abundant 	 5.0-50.0 10.00-100.00

common 	 2.5-5.0 2.00-10.00

rare 1.0-2.5 0.50-2.00

very	 rare 	 0.0 - 1.0 0.00-0.50

absent 	 0.0 0.00

TABLE 14. Success number (SN) of Tabulipora carbo-

naria in Different Rock Types in Wreford Megacyclo-

them in Kansas.

Rock
	

Tabulipora Present (P)

Type	 earbonaria: Absent (-)	 SN

Red residual day  	 - 0.00

Chalky	 limestone 0.01

Cherty limestone 	 4.11

Calcareous shale 	 78.50

Brachiopod-molluscan limestone 	 0.26

Molluscan limestone 	 0.00

Algal -molluscan limestone 	 0.14

Algal	 limestone 	 1.20

Intraformational	 breccia  	 - 0.00

Grayish-yellow mud stone 	 0.00

Argil laceous	 limestone 	 0.00

Black shale and coal  	 - 0.00

Green shale  	 - 0.00

Red shale  	 - 0.00

Channel	 sandstone 	 0.00

Channel conglomerate 	 0.00

for the purposes of this paper as SN. Factors other than

the relative success of the species may influence the value

of SN; for example, the total time spent collecting speci-

mens will affect TN, and fragmentation of the zoaria
after death will increase TN but decrease LLF. How-
ever, in my opinion, such other factors have been mini-

mized in this study by my having done all the collecting

in a comparatively uniform manner and by the environ-
ments represented by the various Wreford rock types

being all broadly similar.
The quantity SN as defined above is a useful tool in

investigating the paleoecology of Tabulipora carbonaria

in the Wreford Megacyclothem in Kansas. One reason

for believing that this figure at least approximately repre-
sents the relative success of this species is that values of

SN correspond to my qualitative impressions, gained dur-

ing collecting the specimens, of the relative importance of
T. carbonaria in various situations (Table 13).

The values of SN calculated for Tabulipora carbonaria

in the different rock types in the Wreford Megacyclothem

TABLE 15. Success Number (SN) of Tabulipora carbo-

naria in Different Stratigraphie Horizons and Rock
Types in Wre ford Megacyclothem in Kansas.

Stratigraphie
	

Rock	 Tabulipora Present (P)

Unit:
	

Type	 carbonaria: Absent (-) 	 SN

Wymore (middle):
	

red shale  
	

0.00

green shale
	 0.00

Wymore (lower):
	 red shale  

	
0.00

green shale  
	

0.00

argillaceous limestone  
	

0.00

Schroyer (upper) :	 algal-molluscan limestone  
	

0.14

algal limestone  
	

0.01

Schroyer (middle) :	 cherty limestone  
	

0.38

a rgillaccous limestone  
	

0.00

calcareous shale  
	

21 52

Schroyer (lower) :	 cherty limestone  
	

0.17

calcareous shale  
	

0.71

Havensville (upper) : calcareous shale  
	

45.55

brachiopod-molluscan limestone
	

0.11

molluscan limestone  
	

0.00

algal-molluscan limestone  
	

0.00

algal limestone  
	

3.85

intraformational breccia  
	

0.00

Havensville (middle) : calcareous shale  
	

0.00

brachiopod-molluscan limestone
	

0.00

in( dl uscan limestone  
	

0.00

algal limestone  
	

0.00

grayish-yellow mud stone  
	

0.00

a rgii laceou s limestone  
	

0.00

green shale  
	

0.00

Havensville (lower) : molluscan limestone  
	

0.00

brachiopod-molluscan limestone
	

0.00

calcareous shale  
	

35.67

Threemile (upper) :	 algal-molluscan limestone  
	

0.00

algal limestone  
	

0.00

red residual clay  
	

(1.00

chalky limestone  
	

0.111

cherty limestone  
	

0.50

Threemile (middle)
	

calcareous shale  
	

0.00

Threemile (lower) :	 cherty limestone  
	

0.58

calcareous shale  
	

0.00

Speiser (upper) :	 calcareous shale  
	

0.19

brachiopod -01o 11 uscan limestone
	

0 08

molluscan limestone  
	

0.00

algal limestone  
	

0.00

grayish-yellow mudstone  
	

0.00

a rg il lama's limestone  
	

0.00

black shale and coal  
	

0.00

green shale  
	

0.00

Speiser mid(1le)
	

a rg iI lace us limestone  
	

0.00

green shale  
	

0.00

red shale  
	

0.00

channel sandstone  
	

0.00

channel conglomtn-ate  
	

0.00

in Kansas are given in Tables 14 and 15. Without doubt,
T. carbonaria was most successful and abundant in en-

vironments in which the calcareous shales of the Wreford
Megacyclothem were deposited. Some calcareous shales
which were extensively sampled have very low SIVs,
whereas others sampled in exactly the same way have
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high SN's. This fact strongly implies that the differences
in SN be:ween calcareous shales and other rock types, and
between calcareous shales at various stratigraphie hori-
zons, represent real differences in the relative success of
the species, rather than differences due to techniques of
collecting. Numerous other workers have also found that
Paleozoic bryozoans are most abundant in calcareous
shales interbedded with marine limestones. Modern bry-
ozoans definitely prefer clear, nonturbid waters but can
tolerate moderate turbidity. If T. carbonaria had ecologic
preferences like those of modern bryozoans, the waters in
which calcareous shales were deposited possibly were only
slightly turbid or clear much of the time.

Tabulipora carbonaria was next most successful in
environments where cherty limestones were being formed,
but it was much less successful there than where calcareous
shales were being formed. The reason for this consider-
able difference in relative success is not clear. Chemical
differences associated with the formation of chert possibly
may have been contributing factors, or the turbidity of
the sea water possibly may have been very high owing to
rapid precipitation of calcium carbonate accumulating as
the lime mud covering the sea floor.

Waters in which algal limestones were formed con-
tained some Tabulipora carbonaria colonies, although the
species was less successful there than in environments
yielding cherty limestones. Possibly the somewhat more
intense water movements and the slight hypersalinity
inferred for environments in which algal limestones were
formed prevented T. carbonaria from being very success-
ful in those environments.

Waters in which chalky, brachiopod-molluscan, mol-
luscan, and algal-molluscan limestones were deposited
represented marginal environments in which Tabulipora
carbonaria was barely able to survive, as is expressed by
the very low SN's for that species in these rock types.
Ecological factors which prevented T. carbonaria from
proliferating in these environments may have included
somewhat stronger water movements, brackish and vari-
able salinities, and high turbidities in these environments.

Tabulipora carbonaria is absent in other rock types
cf the Wreford Megacyclothem. Possible environmental
causes of this absence include excessive turbidity, brackish
and variable salinity, excessive agitation of the water, and
lack of materials to which larvae could attach. Depth of
water probably was not a significant factor except as it
influenced other characters mentioned. Depositional and
diagenetic processes possibly occasionally destroyed dead
T. ccrbanaria zoaria which lived in environments in

TABLE 16. Success Number (SN) of Tabulipora carbo-
naria at Digerent Stratigraphie Horizons in Wre ford

Megacyclothem in Kansas.

Stratigraphie	 Tabulipora Present (P)
Unit	 earbonaria: Absent (—)	 SN

Wymore (middle) 	

-	

0.00
Wymore (lower) 	

-	

0.00
Schroyer (upper) 	  P	 0.04
Schroyer (middle) 	  P	 22.10
Schroyer (lower) 	  P	 0.77
Havensville (upper, upper part) 	  P	 45.55
Havensville (upper, lower part) 	  P	 1.79
Havensville (middle)  	 0.00
Havensville* (lower, Upper part) 	  P	 0.00
Havensville (lower, lower part) 	  P	 20.58
Threcmile (upper, upper part) 	  P	 0.50
Threetnile (upper, middle part) 	  P	 0.00
Threemile (upper, lower part) 	  P	 0.06
Threemile (middle) 	

-	

0.00
Threemile (lower)     P	 0.58
Speiser (upper part of upper third of upper) 	  P	 0.34
Speiser (lower part of upper third of upper)  	 0.00
Speiser (middle third of upper) 	

-	

0.00
Speiser (lower third of upper)  	 0.00
Speiser (middle) 	

-	

0.00

* Includes algal tori algaldnolluscan lss. at top of Threemile in southern
Kansas.

which these other rock types were deposited; however,
these rocks contain many other calcareous fossils, so that
such processes probably were not a significant factor.

Tabulipora carbonaria zoaria found in some rock types
(cherty and algal limestones) in which the species in
general was less successful tended to be comparatively
hearty or long-lived, as was indicated previously. Pre-
sumably, only heartier young zoaria could begin growing
in these less favorable environments, so that the T. car-
bonaria populations in them were composed largely of
more vigorous adult colonies, as compared to the situation
prevailing in the more favorable environments (calcare-
ous shales).

When the values of SN of Tabulipora carbonaria in
different stratigraphie horizons (Tables 15, 16) within
the Wreford Megacyclothem are examined, the cyclic
nature of these horizons is evident. High values of SN
for T. carbonaria occur (in the calcareous shales) imme-
diately above and below strata representing maximum
transgression during a single cycle of sedimentation,
while the species is absent from those representing maxi-
mum regression.

As was dene earlier in discussing the zoarial growth
forms among Wreford bryozoans, we can arrange the

l'att:RE 32. Success numbers (SN) of Tabolipora carbonaria in groups of rock typos believed to represent deposition (A) in different
water depths, (B) in near- to offshore environments, (C) under different degrees of water agitation, and (D) in waters of different salinities.
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rock types of the Wreford Megacyclothem into groups
representing similar environmental conditions. We can
then calculate the value of SN for Tabulipora carbonaria
in each group of rock types and present the SN's graph-
ically (Fig. 32). These charts indicate that T. carbonaria
was by far most successful in waters which were compara-
tively deep (for the Wreford), far from shore, quiet, and
of normal marine salinity.

LOCAL POPULATION STRUCTURE OF
WREFORD TABULIPORA

CARBONARIA

Tabulipora carbonaria colonies apparently lived in
small patches or clusters of zoaria scattered across the sea
bottom in Kansas during deposition of the Wreford
Megacyclothem, as discussed earlier. Several stages in
the life history of this species can be recognized (Table
11). Let us try to determine the composition of the
patches of zoaria in terms of the proportions of different
zoarial growth stages in a given patch or local population
of T. carbonaria.

We must therefore compose several hypothetical or
model local populations to represent Tabulipora carbo-
naria patches. Because we are interested here in relative
proportions only, we can make each model local popula-
tion consist of about 100 zoaria, with each population
having different numbers of the zoarial growth stages
defined by Table 11. Using measurements taken at 5-mm.
intervals along all zoarial branches in the model patch,
we can compute an average axial ratio (AR) for each;
this AR would be the same as that which would result
after colonies of the patch had all died, broken up into
fragments about 5 mm. long, been fossilized in their area
of growth, and then collected and analyzed by a paleon-
tologist. Table 17 presents several model local populations
which might resemble those of T. carbonaria in Kansas
during Wreford time. Appendix N gives the average AR
for each group essentially a local population—of T.
carbonaria zoarial fragments collected from a particular
rock type at a given stratigraphie horizon at one locality.

Considering only Wreford localities at which enough
(more than 5) zoarial fragments of Tabulipora carbonaria
were collected to give an approximation to the average
AR of the patch of zoaria which grew there, we conclude
that the average AR of patches ranged from the high 70's
to the low 90's, with most of the patches yielding large
numbers of zoarial fragments having average AR's in
the low or middle 80's. Comparison of these figures with
those presented in Table 17 suggests that many of the
local populations of T. carbonaria in Kansas during Wre-
ford time consisted of many CU and RS and a few RM
zoaria. Large (RL and RG) zoaria generally did not

TABLE 17. Axial Ratio (AR) Computed for 27 Model
Local Populations of Tabulipora carbonaria, Made Up of
Indicated Numbers of Zoarial Stages Defined in Table 11.

Composition of Model Local Population	 AR

EH	 CU	 RS RM RL RG	 XM(SD)

100 0 0 0 0 0 	 100(0)
50 50 0 0 0 0 	 100(0)

0 100 0 0 0 0 	 100(0)
0 95 5 0 0 0 	 96(10)
0 90 10 0 0 0 	 94(12)
0 85 15 0 0 0 	 91(13)
0 75 20 5 0 0 	 87(16)
0 70 25 5 0 0 	 86(15)
0 65 30 5 0 0 	 85(15)
0 60 40 0 0 0 	 85(14)
0 60 30 10 0 0 	 83(16)
0 55 35 10 0 0 	 83(16)
0 50 35 10 0 0 	 82(16)
0 50 35 15 0 0 	 81(16)
0 45 40 15 0 0 	 81(16)
0 40 45 15 0 0 	 81(16)
0 35 50 10 0 0 	 81(15)
0 40 40 20 0 0 	 80(16)
0 40 40 70 1 0 	 79(16)

1 10 60 30 1 0 	 78(16)
1 20 40 40 1 0 	 77(17)
1 10 30 60 1 0 	 75(17)
1 1 30 60 10 0 	 73(18)
1 1 20 60 20 1 	 70(19)
1 1 10 40 30 20 	 62(20)
1 1 1 20 50 30 	 61(20)
1 1 1 20 20 60 	 59(20)

[Explanation: CU, cylindrical unbranched zoaria; EH, encrusting hemi-
spherical zoaria; RG, ramose gigantic zoaria; RS, ramose large zoaria; RM,
ramose medium-sized zoaria; RS, ramose small zoaria; SD, standard deviation;
XM, arithmetic mean.]

occur in these local populations. Significant numbers of
EH zoaria are not seen in these patches, presumably be-

cause all zoaria survived beyond that stage. This inferred
patch composition is consistent with our earlier sugges-
tion that the maximum size which most Wreford T.
carbonaria zoaria attained was rather small.

MISCELLANEOUS PALEOECOLOGIC
OBSERVATIONS

The external surfaces of Wreford zoarial fragments of
Tabulipora carbonaria are commonly exquisitely pre-
served, possessing spinelike acanthopores projecting well
above the level of the zoarial surface. In many specimens,
the zoarial surface has been abraded just enough to wear
the acanthopores down nearly flush with the rest of the
surface. However, very seldom have the zoarial frag-
ments been abraded more severely than that. The rela-
tively slight degree of abrasion of the external surfaces of
T. carbonaria zoarial fragments implies that the waters in
which this species lived were comparatively quiet.
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Many organisms encrusted zoaria of Tabulipora car-
bonaria during Wreford time in Kansas. These encrust-
ing organisms include nubeculariid foraminifers, serpulid
worms, fistuliporid bryozoans, and small cryptostome
bryozoans, as well as secondary overgrowths belonging to
T. carbonaria itself.

Many Wreford Tabulipora carbonaria zoaria have
small, elongate depressions excavated in their external
surfaces; these depressions have been attributed to cteno-
stome bryozoans (Bascomella) but, in my opinion, could
possibly have been made by other animals, such as sponges
and barnacles, as well. Generally, these borings cut
through zooecial walls without any indication of response
to the boring organism by the zooids. However, the
zooecia adjacent to a few excavations formed a common
wall around the depression (Pl. 6, fig. 3). In one observed
boring, the boring organism died and left its excavation,
and the neighboring T. carbonaria zooids proliferated

into the space left open and filled it with thin-walled
zooecia (Pl. 7, fig. 1). Consequently, at least sometimes,
the borings were made while the T. carbonaria zoarium
was still alive, although in some cases, the borings were
probably excavated after the zoarium had died and was
lying prostrate on the sea floor.

Long, tubular borings, now filled with lime or ter-
rigenous mud, are found extending through the axial
regions of a few Tabulipora carbonaria zoaria. The or-
ganisms responsible for these borings, although unknown,
could possibly have been annelid worms or mollusks.

Cylindrical, hollow depressions occur in the centers of
a very few monticules (PI. 3, fig. 4). Such structures are
presumably due to zooecia proliferating upward along
the sides of a cylindrical encrusting organism. However,
no clues as to the nature of that organism are evident,
although it could conceivably have been some kind of
tube-dwellin ,  worm.

STRATIGRAPHIC (MICROEVOLUTIONARY) VARIATION
IN WREFORD TABULIPORA CARBONARIA

The Gearyan or Wolfcampian formations in Kansas
contain approximately 20 to 30 different cyclothems. Ac-
cording to KULP (1961, p. 1110-1111), the first third of
the Permian Period lasted about 20 million years. There-
fore, deposition of an average cyclothem in Early Permian
time in Kansas pnibably occupied somewhat less than one
million years. In particular, the two cyclothems of the
Wreford Megacyclothem possibly represent a total time
span of somewhere around two million years; this period
of time is about the sanie as that intervening between the
latest Pliocene or earliest Pleistocene and the Recent. Al-
though we would not expect to find major evolutionary
changes occurring in Tabulipora carbonaria during such
a short time geologically, we might expect to find some
minor ones.

Chronologically successive populations of Tabulipora
carbonaria occupied Kansas during deposition of the Wre-
ford Megacyclothem. The average morphological char-
acters of these populations changed as time went on,
mostly in a randomly fluctuating manner but partly as
directional trends. Such unidirectional shifts in the mor-
phologic characters of chronologically successive popula-
tions of a species are evolutionary changes occurring with-
in that lineage of populations. Because the specimens in
question represent a geologically short period of time and
because the changes are relatively minor, these changes
may be termed microevolutionary. However, changes of
precisely this nature, operating over longer periods of
time, eventually produce new, descendant species (62,
p. 586, 587).

Appendix I summarizes the numerical morphological
characters of Tabulipora carbonaria specimens collected
from each rock type from each stratigraphie unit within
the Wreford Megacyclothem. Differences in numerical
characters between different rock types at the same hori-
zon are as large as those between different horizons, so
that no microevoluationary trends are evident upon exam-
ination of these data. However, highly sophisticated
mathematical techniques, such as factor analysis, may be
able to detect significant trends within these figures.

Appendix L summarizes the same characters of Tabu-
lipora carbonaria, this time grouping together all speci-
mens collected from all rock types at each stratigraphie
horizon. Again, examination of these results, without the
aid of iflore elaborate mathematical procedures, indicates
no obvious microevolutionary trends. Two factors com-
bine to obscure any trends which may be present in thesi!
data. First, !nest of the specimens collected from a par-
ticular horizon come from only one rock type, different
from these of the horizons just above and below it; con-
sequently, microevolutionary trends possibly present are
hidden by possible ecologically induced variations. Sec-
ond, the number of specimens collected from each of the
horizons varies markedly; thus, variation allowed by
large differences in sample sizes also obscures any micro-
evolutionary trends.

In order to detect microevolutionary trends in Tabu-
lipora carbonaria in the Wreford, therefore, we must elim-
inate possible ecologic variations and variations due to
widely fluctuating sample sizes. Consequently, T. car-
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FIGURE 33. Stratigraphie (microevolutionary) variation in means ot four numerical morphological characters of Tabulipora carbonaria
shown by specimens collected from the four widespread calcareous shales of the Wreford Megacyclothem.
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bonaria zoaria collected from the four widespread cal-
careous shales of the megacyclothem were grouped to-
gether in order to minimize variation induced by environ-
mental conditions; at least, environmental conditions were
SC) similar at these different moments of geologic time that
the same rock type was deposited on the sea floor. More-
over, because the calcareous shales yielded most of the
Wreford specimens of T. carbonaria, the number of speci-
mens used in this way of grouping the zoaria was large
enough to prevent random fluctuations due to sample size
from obscuring any microevolutionary trends which are
present. The results of this procedure are presented in
Appendix K.

Most of the qualitative and numerical morphological
characteristics, including the proportions (average per-
centages; Tables K-23, 24) of zoaria with different kinds
of diaphragms and wall types, of Tabulipora carbonaria
fluctuate randomly and unsystematically between the four
successive horizons at which occur widespread calcareous
shales containing comparatively large numbers of speci-
mens of this species. IWT, MAOD, TP, AR, AZMS,
MOI, and all the diaphragm counts (Tables K-4, 6-22)
vary in this irregular manner.

However, several numerical morphological characters
of Tabulipora carbonaria show progressive, microevolu-
tionary changes as the species is followed upward within
the calcareous shales of the Wreford Megacyclothem (Fig.

33). The characters Z1, Z2, and Al increase (Tables K-1,

2, 5), while MZAD decreases (Table K-3). The means of

Z1 from the successive four horizons are statistically dif-
ferent at the 2 percent level of significance or lower; the

other characters also vary in a predictable manner, given
the variation in Zl. Apparently, as Wreford time pro-
gressed, the zooecial apertures of T. carbonaria became
smaller, so that there were more of them in a unit area or

length on the zoarial surface. As the number of zooecia

in a unit area increased, the number of acanthopores-
which are located at the zooecial angles—in that same
area had to and did increase.

The ultimate phylogenetic significance of the observed
microevolutionary trends in Wreford Tabulipora carbo-
naria is not certain. These trends may be a small segment

of the long-term or macroevolutionary trends which pro-
duced T. carbonaria from its ancestral species; or these
trends may be parts of irregular fluctuations which did
not, unlike those observed in the other numerical morpho-
logical characters, change direction during the time when
the Wreford Megacyclothem was being deposited. Exam-
ination of the small suites of T. carbonaria specimens col-
lected from the Florena Shale Member of the Beattie
Limestone and from the Florence Limestone Member of
the Barneston Limestone (Table 1) did not make possible
a choice of one or the other of these two hypotheses.
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CONCLUSIONS

I) The stratigraphy of the Wreford Megacyclothem

(Lower Permian) in Kansas and the paleoecologic impli-

cations of the rock types present in that unit are briefly

reviewed. Recent studies of similar deposits imply two

conclusions of general interest. Various factors, such as

turbulence, circulation, salinity, rate of influx of terrige-
nous detritus, and tectonism, in addition to depth of

water or distance from shore, determined the nature of

the materials which were deposited at a given locality.
The maximum depth of water attained during a cycle
of sedimentation was more probably on the order of 60
feet than 180 feet.

2) Fight different zoarial growth forms can be dis-
tinguished within the Wreford bryozoan fauna as a
whole. Delicate branching, robust pinnate, and fenestrate
zoarial growth forms are by far the dominant ones. All
zoarial forms are most abundant in rock types, particu-
larly calcareous shale, which represent the maximum or

nearly maximum transgression of the sea during a cycle
of sedimentation. All zoarial forms flourished most in
depositional environments which are believed to have
been under comparatively deep (for the Wreford), quiet

water of normal marine salinity and far from shore.
Some of the Permian zoarial growth forms resemble some
of those found among living cheilostomes; in some cases,

Permian and Recent analogous forms apparently have

similar, in other cases somewhat different, ecologic ranges.

3) Techniques used in this intensive study of the
bryozoan species Tabulipora carbonaria in the Wreford
Megacyclothetn are described for the benefit of paleon-
tologists interested in all groups of colonial organisms, as

well as those interested primarily in bryozoans. Much of

the description of techniques consists of definitions and

discussions of the 22 numerical morphological characters
used in analyzing Tabulipora carbonaria. This study is

based upon large numbers of specimens, collected from
many stratigraphie horizons, rock types, and geographic

localities. Preparation of cellulose acetate sections in addi-

tion to standard thin sections, examinations of thin sec-
tions with petrographic microscopes, use of electronic

computers in handling numerical data obtained from the

specimens, and application of simple statistical tests all

proved useful tools in this investigation.
4) The large ramose trepostome bryozoans which I

collected from the Wrcford all belong to one highly vari-
able species, Tabulipora carbonaria WORTHEN, 1875).
A lectotype for that species is herein designated from
WoRTHEN's syntypes. T. carbonaria probably evolved
from members of the Late Mississippian T. cestriensis-
T. ram osa complex, but may not have given rise itself to
any other species. The stratigraphic range of T. carbo-

naria extends from at least the Middle Pennsylvanian

(Desmoinesian) into the Lower Permian (Wolfcampian).

Difficulties arising in assigning the Wreford T. carbo-

'writ' specimens to currently recognized genera suggest

that the genera Tabulipora, Stenodiscus, and Stenopora

possibly are artificial morphologic groupings with no
taxonomic value. T. carbonaria is classified as a member
of the phylum Ectoprocta, a taxon which should be used
instead of the taxon Bryozoa in paleontologic work.

5) The morphologic features of Tabulipora carbonaria
specimens, as seen in reconstructed zoaria, external views.
tangential sections, transverse sections, and longitudinal
sections, are described in detail. Two points are of gen-
eral interest. More than one kind of wall microstructure,
as those kinds have been defined to date, may occur within
a single zoarium of this species. Monticules can not be
distinguished from intermonticular areas in tangential
sections of this species without the aid of examination of
the external features of the specimens coupled with the
use of serial tangential sections.

6) Possible causes of the morphologic variability seen
in Wreford Tabulipora carbonaria specimens are briefly
outlined.

7) In deep tangential sections, zooecia have elongate,
large, angular apertures and thin interapertural walls;
and acanthopores are small and obscure. In shallow tan-
gential sections made from the saine Wreford Tabrdipora
carbonaria zoarium, zooecia have equidimensional, small,
rounded apertures; and acanthopores are large and con-
spicuous.

8) Many morphological characters of Tabulipora car-
bonaria vary irregularly about an average condition along
one zoarial branch from its proximal base to its distal
growing tip. Some characters, however, progressively
change distally along the branch; the peripheral region
thins, axial ratio increases, zooecia meet the zoarial sur-
face more obliquely, interapertural zooecial walls thin
somewhat, the abundance of diaphragms in the peripheral
region diminishes markedly, and acanthopores become
slightly smaller, as the distal growing tip of the branch
is approached.

9) The total range of morpluilogic variability, kith
absolute and relative, seen within a single Wreford Tabu-
lipow carbonaria zoarium is extremely great.

10) The range of variability, both absolute and rela-
tive, seen by comparing a well-studied Wreford Tabu

-1/pore carbonaria zoarium with another such zoarium and
with the species as a whole is also extremely great.

Il) Fifteen arbitrarily defined morphotypes or imra-
population variants can be recognized among the W re-
ford specimens of Tabulipora carbonaria. These morpho-
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types are highly variable morphologically, both within

and among themselves. Some of the morphotypes appar-

(ntly represent different stages of zoarial growth.

12) Tabulipora carbonaria zoarizil fragments which
lack diaphragms represent as a whole comparatively
young parts of zoaria, those which possess centrally per-
forated diaphragms represent as a whole comparatively
old parts of zoaria, and those which possess only hemi-
phragms and complete diaphragms or only complete dia-
phragms represent intermediate parts of zoaria. Presence
or absence of particular kinds of diaphragms can not be
considered reliable taxonomic characters for bryozoans
similar to T. carbonaria because those conditions vary
greatly within one species.

13) Tabulipora carbonaria zoarial fragments which
lack granules and divisional lines in their interapertural
zooecial walls represent in general younger portions of
zoaria, and those which possess granules or divisional
lines or both represent in general older portions of zoaria.

14) The great morphologic variability seen within
Tabulipora carbonaria zoaria from the Wreford Megacy-
clothem implies that late Paleozoic trepostome bryozoan
species should be defined so as to allow great intraspecific
variability and species concepts which are reasonable ap-
proximations of biological species concepts. The com-
parative taxonomic values of the 22 numerical morpho-
logical characters used in studying T. carbonaria are dis-
cussed.

15) Although the pattern of budding could not be
determined from Wreford specimens of Tabulipora car-

bonaria, the manner in which zoarial branches increased
in length is described, as are aspects of the growth of
secondary overgrowths, the production of new zoarial
branches, the introduction of new zooecia, the relation-
ships between the polypides and the zooecia, and rare
pathologic or teratologic conditions. Several stages in the
life history of an individual zoarium of this species can
be recognized. Most of the Wreford T. carbonaria zoaria
apparently died before reaching a total zoarial height of
about 70 mm.; their age at death may have been on the
order of a few months to a few years.

16) Most of the geographic variations observed in the
morphological characters of Tabulipora carbonaria are
irregular or random in nature. A few characters show
progressive or clinal variation across Kansas in the zoaria
collected from the calcareous shale in the uppermost part
of the Havensville Shale Member. This clinal variation
may result from variations in the average life spans of
zoaria due to different distances of the bryozoans from
the shore located to the south.

17) Tabulipora carbonaria was distributed through-
out much of the shallow marine shelf areas of the United
States during later Pennsylvanian and earlier Permian
time. In Kansas, during deposition of the Wreford Mega-

cyclothem, T. carbonaria zoaria lived clustered together

in small isolated patches separated by extensive areas of

sea bottom bearing no members of this species. The

abundance of these patches varied considerably with time.
The patches of T. carbonaria zoaria were most abundant
where calcareous shales were being deposited.

18) Most of the Wreford Tabulipora carbonaria zo-
aria have robust branching zoarial growth forms, but a
few have encrusting, sheetlike zoarial forms.

19) The substrate on which a very few Wreford
colonies of Tabulipora carbonaria developed were cal-
careous shell materials. That on which most of the robust
branching zoaria grew is speculated to have been small
shell fragments.

20) Tabulipora carbonaria zoaria collected from dif-
ferent rock types of the Wreford Megacyclothem show
mostly random variations in their morphologic characters.
They also exhibit a few variations which indicate that, on
the average, zoaria which dwelt in environments where
different rock types were being deposited tended to have
different life spans.

21) Tabulipora carbonaria was relatively most success-
ful, as indicated by the "success number" used as a tool in
investigating the paleoecology of this species, in environ-
ments in which calcareous shales were being deposited in
Kansas during Wreford time. This species was much less
successful where cherty and algal limestones were form-
ing, and was either barely able to survive or entirely
absent in environments where the other rock types of the
megacyclothem were being laid down. T. carbonaria ap-
parently was most successful in waters which were rela-
tively deep (for the Wreford), far from shore, quiet, and
of normal marine salinity.

22) Comparison of average axial ratios computed for
all zoarial fragments of T. carbonaria collected from one
rock type at one horizon at one locality with model local
populations suggests that the patches of T. carbonaria
zoaria scattered across the sea floor in Kansas during Wre-
ford time were composed predominantly of zoaria repre-
senting three of the small-sized growth stages in the life
history of the species.

23) Various organisms encrusted or bored Tabulipora
carbonaria zoaria, both while the zoaria were still alive
and after they had died.

24) Most of the morphologic characters of Tabulipora
carbonaria fluctuate randomly in successively younger
strata of the Wreford Megacyclothem. However, the
zooecial apertures of this species become progressively
slightly smaller in this direction, and there are thus pro-
gressively more zooecial apertures and associated acan-
thopores per unit area and length on the zoarial surface.
The relation of this microevolutionary trend observed in
Wreford specimens of this species to the phylogenetic
trends which produced the species is not known.
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WREFORD MEGACYCLOTHEM

Localities are indicated on Figures 3, 4, and 5. In the
list, after the number and description of each locality
used in this study, the pertinent stratigraphie units ex-
posed there are indicated, in terms of their parts—upper
(u), middle (m), and lower (1), (as outlined previously
in this paper)—of the units containing the Wreford
Megacyclot hem—Speiser Shale (Sp), Threemile Lime-
stone Member (Wt), Havensville Shale Member (Wh),
Schroyer Limestone Member (Ws), and Wymore Shale
Member (Mw). Next follows an indication of whether
the exposure(s) are very good (VG), good (G), fair (F),
poor (P), or very poor (VP). Then, published references
to the particular locality are given; an isolated number
that is enclosed in parentheses is the locality number
assigned to the locality by HATTIN (1957). Finally, each
locality where I collected Tabulipora carbonaria is marked
with "T. curb." followed by the stratigraphie horizon,
rock type, and total number of specimens collected.

BUTLER COUNTY (Figure 5)

liU01 : Road cut on county road, 5 miles northeast of Rosalia;
NW 1/4 SW '4 sec. 17, T. 25 S., R. 8 E. /Sp-riWt; P. (1 (1 2).

BUO2: Gully in field 4 V, miles northeast of Rosalia; center NE1/4
EV2 sec. 19, T. 25 S., R. 8 E. :Mt; VP. (103).

BM: Gullies in field, 4 miles northeast of Rosai a: SE 1/4 SE 1/4

'2 sec. Pt, T. 25 S., R. 8 E. uWt-uMw; VP. (1 (1 8).

11 U04 : Road cut on U.S. Hwy. 54, 4.5-4.9 miles cast of Rosalia;

SE1/4 SW 1 4 sec. 4, T. 26 S., R. 8 E. mSp-rtMw; VG. (95).
T. curb. (rtWh, cale. sh., 23; mWs, cale. sh., 3).

ItU05: Stream cut and road cut on county road, $ miles southwest

of Beaumont; SE1/4 SE 1 4 EV/ sec. 7, T. 28 S., R. 8 E. //Sp-

/Mt; F. (107).
BUM: Road ditch on county road, 4 miles northeast of Latham;

SY.; SE1/4 sec. 24, T. 28 S., R. 7 E. mSp-/Wt; VI'. (1 (1 5).

BU07: Gullies in held, 3 1/2 miles north of Latham; EV2 NE1/4

sec. 26, T. 28 S., R. 7 E. /Wt-rrWs; VI'. (104).
ItU08: Gullies in field, 4 1/2 miles southeast of Latham; NE1/4

NW 1/4 sec. 31, T. 29 S., R. 8 E. r(Sp-uWt; VP. (106).

CHASE COUNTY (Figure 4)

CHOI: Stream cut :mil road cut on county road, 0.6 mile south

of county line; NW '1/4 SE'/4 sec. 1, T. 18 S., R. 8 E. /Sp-/Ws;

P. (72).
CH02: Gully, 8.5 miles northwest of Elmdale; NW 1/4 SE1/4 sec. 5,

T. 19 S., R. 6 E. ttSp-aWt; VP. (74).

C1-1113: Gully, 8.5 miles northwest of Elmdale; NW 1/4 sec. 17, T.
19 S., R. 6E. rrWt-/Ws; VP. (75).

CI-104: Road cut on gravel road, 0.1 noie north of oval loop made
by road in feed yard, 1 1/2 miles northwest of Strong City; NE 1/4

EV2 WV, SE1/4 sec. 7, T. 19 S., R. 8 E. mSp-/Wt; E.

CH05: Quarry in feed yard, 1 V2 miles northwest of Strong City:
SE1/4 WV2 SE1/4 sec. 7, T. 19 S., R. 8 E. trWt-/Wh; VP.
(82).

CI-106: Road cut on U.S. Hwy. 50, 1.6 miles east of junction with

Kan. Hwy. 13; cut V2 mile east of Strong City; SE1/4 NE1/4
sec. 16, T. 19 S., R. 8 E. /Sp-riWt; F. (73).

CH7: Road ditch on county road, 3 miles west of Cottonwood

Falls, SE1/4 NE1/4 sec. 25, T. 19 S., R. 7 E. tiSp-nWt; VP.

(76).
CH8: Road cut on Kan. Hwy. 150, 0.2 mile east of junction with

c n itinty road, 6 miles west of Elmdale; SW 1/4 SE 14 sec. 27 . T.
19 S., R. 6 E. /Wt-/Ws; F. (77).

LOCALITIES (ALL IN KANSAS)

CH09: Road cut on Kan. Hwy. 150, 0.2 mile west of junction with

county road, 6 tuiles west of Elindide; SE1/4 SW 1/4 sec. 27 . T.
19 S., R. 6 E. /Ws; P. (78).

CH 10: Road cut on Kan. Hwy. 150, 0.3 mile west of junction

with county road, 6 miles west of Elmdale; SW (4 SW% sec. 27,
T. 19 S., R. 6 E. rrWt; F. (79).

CHI I : Stream cut, just east of county road, 0.4 mile south of

Kan. Hwy. 150, 6 miles west of El:nil:de; SW 1/4 NE '/4 sec. 34,
T. 19 S., R. 6 E. ro51'-/Wt: P. (80).

CI-) 12: Road ditch on Kan. Hwy. 11, 2.0 miles north of Bazaar;

NW 1/4 NE (4 sec. 20, T. 20 S., R. 8 E. uSp-uWt; P. (84).

CHI3: Gully, 3 miles south of Clements; SW% NW% sec. 1, T.
21 S., R. 6E. /-rtWt; P. (SI).

CH 14: Gully, 4 miles southeast of Clements; SF. 1/4 sec. 6, T. 21 S.,
R. 7 E. nW11 - //Ws; P. (83).

C l-I15: Road cut on Kan. Trk. (1-35), at milepost 121.9-122.2
(Bridge No. 138, at milepost 122.0); SW 1 4 SW14 sec, 25,
T. 20 S.. R. 9 E. /-:(Sp; G.

C1116: Road cut on Kan. Tpk. (1-35), at milepost 122.5-122.7:
SW l4 NE1/4 sec. 35, T. 20 S., R. 9 E. 1S1' -nWt; G. T. earl , .
(uSp, cale. sh., I).

Cl-117: Roa:1 cut on Kan. Tpk. (1-35), at milepost 124.9; NE1/4
NE1/4 sec. 10, T. 21 S., R. 9 E. /Sp?; VP.

CUIS: Road cut on Kan. Tpk. (1-35), at milepost 125.2-125.3:
NW 1/4 5E1/4 sec. 10. T. 21 S., R. 9 E. r»Sp-t(Wh; G.

CI-119: Roa'l cut on Km. Tpk. (l-35). at milepost 125.4-125.7;
SE 1/4 SW 1/4 siic. 10 . T. 21 S., R. 9 E. ifSp-/Ws; E. T. curb. (oNV11,

cale. sh., 28).
CH20: Road cut on Kan. Tpk. (1-35), at milepost 126.0-126.2

(Bridge No. 137, at milepost 125.9); NE% NE' /4 sec. 16 . T.
21 S., R. 9 E. /Wh-/Ws; G.

CI-121: Road cut on Kan. Tot:. (1-35), at milepost 126.3; center

NE1/4 see. 16, T. 21 S., R. 9 E. /Wh; P.
CH22: Road cut on Kan. Tpk. (1-35), at milepost 126.4-126.5;

SW 1/4 NE'/4 sec. 16, T. 21 S., R. 9 E. tiWt-/Ws; VG. T. earl , .
(nWh, cale. sh., 9).

CH23: Road cut on Kan. Tpk. (1-35), at milepost 126.6-126.7;
NEV SW% sec. 16, T. 21 S., R. 9 E. /-nWt; G.

CH24: Road cut on Kan. Tpk. (1-35), at milepost 126.8-126.9;
NW 1/4 SW1/4 sec. 16, T. 21 S., R. 9 E. rtWt-mWs; G. T. earl , .
(rrWh, cale. sh., 50).

CH25: Road cut on Kan. Tpk. (1-35), at milepost 127.2-127.3;
5E1/4 SE 1/4 sec. 17 . T. 21 S., R. 9 E. mWs; E.

CH26: Road cut on Kan. Tpk. (1-35), at milepost 127.7-127.9:
NW 1/4 NE 1/4 sec. 20 . T. 21 S., R. 9 E. In-teMw: E.

CH27: Road cut on Kan. Tpk. (I-35), at milepost 128.5; SE.1/4
SW 1/4 sec. 20, T. 21 S., R. 9 E. mWs; P.

CI-128: Road cut on Kan. Tpk. (1-35), at milepost 128.8-129.0;
center NW 1/4 sec. 29 . T. 21 S., R. 9 E.. mWs; P.

C1129: Road cut on Kan. Tpk. (1-35), at milepost 129.3-129.5:
NE 1/4 SE 1/4 sec. 30, T. 21 S., R. 9 E. OVII-mWs; E. T. earl, .
(mWs, cherty Is., 3).

CH30: Road cut on Kan. Tpk. (1-35), at milepost 129.6-129.7:
SW 1/4 5E1/4 sec. 30, T. 21 S., R. 9 E. trMw; E.

CH31 : Road cut on Kan. Tok. (1-35), at milepost 130.1-130.4;
SW1/4 NE1/4 sec. 31, T. 21 S., R. 9 E. 04w; E.

CI-132: Road cut on Kan. Tpk. (1-35), at milepost 130.5; NE 1 4
SW% sec. 31, T. 21 S., R. 9 E. ntSp-ttWt; G. T. 'ai'/'. (((Sp,
brachiopod-molluscan Is., I; //Sp, calc. sh., I).

CH33: Road cut on Kan. Tpk. (1-35), at milepost 130.6-130.8;
NW 1/4 SW 1/4 sec. 31, T. 21 S., R. 9 E. mSp-rrWt; G.

CH34: Road cut on Kan. Tpk. (1-35), at milepost 131.9-132.1
(Bridges No. 136 and 135, at mileposts 131.5 and 132.3, respec-

tively); NE1/4 SW 1/4 sec. I. T. 22 S., R. 8 E. /Sp-/Wh; G.
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CH35: Road cut on Kan. Tpk. (1-35), at milepost 132.6; SW 1/4
SW1/4 sec. I. T. 22 S., R. 8 E. uWt-uMw; G.

CH36: Road cut on Kan. Tpk. (1-35), at milepost 132.7-132.8;
SE 11/4 SE1/4 sec. 2, T. 22 S., R. 8 E. mSp-uWt; G.

CH37: Road cut on Kan. Tpk. (1-35), at milepost 133.4; SW1/4
NE 1/4 see. 11, T. 22 S., R. 8 E. /-uSp; F.

Cl-138: Road cut on Kan. Tpk. (I-35), at milepost 133.5 (Bridge

N. 134, at milepost 134.5); SE1/4 NW 1/4 sec. 11, T. 22 S.,
R. 8 E. /Sp-mWt; G.

CH39: Railroad cut, 0.2 mile south of Matfield Green depot;

SW1/4 NE1/4 E1/4 sec. 7, T. 22 S., R. 8 E. ntSp-ttWt; G. (87).
CH40: Railroad cut, 0.7 mile southwest of Midfield Green depot;

center SW 1/4 E1/4 sec. 7, T. 22 S., R. 8 E. uSp-trWt; G.

C1-441: Railroad cut, 0.8 mile southwest of Matfield Green depot;

SW1/4 SW 1/4 EV2 sec. 7, T. 22 S., R. 8 E. uSp; P.
CH42: Railroad cut, 1.0 mile southwest of Madield Green depot;

SW1/4 SW1/4 1.7.1/4 sec. 7, T. 22 S., R. 8 E. u,Sp-oWt; G. (92).
CH43: Railroad cut, 1.9 miles southwest of Matfiehl Green depot;

SW1/4 N• E1/4 W1/4 sec. 18, T. 22 S., R. 8E. uWt: P.
CH44: Railroad cut, 2.1 miles southwest of Midfield Green depot;

center W1/4 sec. 18, T. 22 S., R. 8 E. uWt-/Ws; G. (91). T.

curb. (uWh, cale. sh., 2).
CH45: Railroad cut, 2.2 miles southwest of Matfield Green depot;

NE1/4 S

• 

W 1/4 W	 see. 18, T. 22 S., R. 8 E. InWh-uWs; F.

(88). T. curb. (uWs, algal Is., I).
CH46: Road cut on Kan. Hwy. 13, 2.2 miles southwest of Matfield

Green; SW '1/4 SE1/4 W1/4 sec. 18, T. 22 S., R. 8 E. /Ws?: VP.

CH47: Railroad cut, 2.3 miles southwest of Matfield Green depot;

SE 1/4 SW 1/4 W¼ see. 18, T. 22 S., R. 8E. /-mWs; F.

CH48: Railroad cut, 0.2 mile north of bridge over Kan. Hwy. 13,
3 tuiles southwest of Matfield Green; SE 1/4 NW 11/4 W1/4 sec. 19,
T. 22 S., R. 8 E. tn-uMw; P. (89).

Cl-14'): Road cut on Kan. Hwy. 13, 2.9 miles southwest of Matfield
Green; cut 0.1 mile northeast of overpass of railroad; NE 1/4
NW 1/4 W	 sec. 29, T. 22 S., R. 8 E. tiWt-/Ws; F. T. curb.
(ttWh, cale. sh., 1).

CHSO: Bluff on east side of Mercer Creek, 2.4 miles southwest of
Midfield Green; SEA SE1/4 W1/4 see. 18, T. 22 S., R. 8 E.

uWt; ( 90a).
CH51: Quarry on east side of Mercer Creek, 2.6 tuiles southwest

of Matfield Green; NW 1/4 NE1/4 W1/4 sec. 19, T. 22 S., R. 8 E.

uWt-uWs; G. (90).
CH52: Road cut on Kan. Tpk. (1-35), at milepost 135.8-136.1

(bridge over Thurman Creek, at milepost 136.7); W 1/4 SW 1/4
sec. 16, T. 22 S., R. 8 E. ISp-mWs; VG. T. curb. (/Wh, cale.
sh., 2).

CH53: Road cut on Kan. Tpk. (I-35), at milepost 137.8; SE1/4
5E1/4 E1/4 sec. 19, T. 22 S., R. 8 E. /Sp-uWt; G.

CH54: Road cut on Kan. Tpk. (I-35 ), at milepost 138.0 ; SE 1/4
SW 1/4 E1/4 sec. 19, T. 22 S., R. 8 E. n1Wh-tutWs; F. T. curb.

(uWh, cale. sh., I).
CH55: Road cut on Kan. Tpk. (1-35), at milepost 138.2 (elevated

globe at Midfield Green Service Area, at milepost 139.7); NW 11/4
'1/4 E1/4 sec. 30, T. 22 S., R. 8 E. ,n -uMw; G.

CH56: Gully in field, 101/4 miles southeast of Midfield Green;
NE1/4 S

• 

W 1/4 sec. 35, T. 22 S., R. 9 E. uSp-uMw; G. (93). T.
curb. (uWh, cale. sh., 5).

CH57: Gully in pasture, 12 miles southeast of Midfield Green;
SW	 SE1/4 sec. 36, T. 22 S., R. 9 E. ,,,Vs -uMw; VP. (96).

COWLEY COUNTY (Figure 5)

CYO!: Road cut on U.S. Hwy. 160, 0.3 nude west of bridge over
Grouse Creek; SE1/4 SW1/4 SW1/4 see. 29, T. 31 S., R. 7 E.
ttSp.-uWh; G. (113).

CY02: Road cut on U.S. Hwy. 160, 0.5 mile west of bridge over
Grouse Creek; SW1/4 SW1/4 SW1/4 sec. 29, T. 31 S., R. 7 E.
uWt; P.

CY3: Road cut on U.S. Hwy. 160, 0.7
Grouse Creek; NE1/4 NE1/4 sec. 31, T.
P. (114).

CY4: Road cut on U.S. Hwy. 160, 1.4
Grouse Creek; SE1/4 SW '1/4 sec. 30, T.

CY5: Road cut on U.S. Hwy. 160, 1.6
Grouse Creek; NW '1/4 NW 1/4 sec. 31,
F.

CY6: Road cut on U.S. Hwy. 160, 1.65 miles west of bridge over

Grouse Creek; SE corner sec. 25, T. 31 S., R. 6 E. /-teWt; F.

CY7: Road cut on U.S. Hwy. 160, 1.9 miles west of bridge over

Grouse Creek; NE1/4 NE1/4 see. 36, T. 31 S., R. 6 E. uWs; P.

CY8: Road cut on U.S. Hwy. 160, 2.1 miles west of bridge over

Grouse Creek; NW '1/4 NE1/4 sec. 36, T. 31 S., R. 6 E. m-uMw;

F.

CY9: Railroad cut, 0.8 mile east of railroad crossing .3n county

road (crossing about 1 mile east of Burden); NW '1/4 NE 1/4 sec.

36, T. 31 S., R. 6 E. mWs-uMw; F. ( 1 1 ).

CY10: Railroad cut, 1.1 miles east of railroad crossing on county

road; NW 1/4 SW1/4 NW 1/4 sec. 31, T. 31 S., R. 7 E. uWt; P.

CY1 I: Railroad cut, 1.3 miles east of railroad crossing on county

road; center SW1/4 NW 1/4 sec. 31, T. 31 S., R. 7 E. ttWt; P.

CYI2: Railroad cut, 1.4 miles east of railroad crossing on county

road; 5E1/4 NW 1/4 sec. 31, T. 31 S., R. 7E. uWt; F. (112).

CY13: Railroad cut, 1.6 tuiles east of railroad crossing on county

road; NE1/4 SW1/4 sec. 31, T. 31 S., R. 7 E. uSp-ttWt; F.

CY14: Railroad cut, 1.8 miles east of railroad crossing on county

road; NW 1/4 SE '1/4 sec. 31, T. 31 S., R. 7 E. uSp-uWt; G. (110).

CY15: Road cut on Kan. Hwy. 38, 1.6-1.8 miles east of junction

with county road (junction 7 miles northeast of Dexter); SE1/4

SE 11/4 SW 1/4 W1/4 sec. 19, T. 32 S., R. 8 E. /Sp-uWh; VG. (117).
T. curb. (uSp, brachiopod-molluscan Is., 2).

CY16: Road cut on Kan. Hwy. 38, 1.4-1.5 miles east of junction

with sanie county road; SW 1/4 SE 1/4 SW 1/4 W1/4 sec. 19, T. 32
S., R. 8 E. uWt; P.

CY 17: Road cut on Kan. Hwy. 38, 1.2-1.3 miles east of junction

with same county road; SE1/4 SW1/4 SW1/4 W1/4 sec. 19, T. 32
S., R. 8 E. uWt; P.

CY18: Road cut on Kan. Hwy. 38, 1.0-1.1 miles east of junction
with same county road; SW 1/4 5W¼ SW1/4 W1/4 sec. 19, T. 32
S., R. 8 E. uWt; P.

CY19: Road cut on Kan. Hwy. 38, 0.9 nude east of iunetion with

same county road; SE1/4 SE1/4 sec. 24, T. 32 S., R. 7 E. uWt-
ttWh; F. T. curb. (uWh, algal Is., 1).

CY2)l: Road cut on Kan. Hwy. 38, 0.7-0.8 mile east of junction

with sanie county road; center S edge SE1/4 sec. 24, T. 32 S.,
R. 7 E. uWt-ttWh; F. (116). T. curb. (ttWh, algal Is.. 14).

CY21: Road cut on Kan. Hwy. 38, 0.6 mile east of junction with
same county road; SW1/4 SE1/4 see. 24, T. 32 S., R. 7 E. uWt-
/Ws; P. T. curb. (ftWh, cale. sh., 5).

CY22: Road cut on Kan. Hwy. 38, 1.1 miles east of bridge over
Bullington Creek; SE 1/4 SW1/4 sec. 22, T. 32 S., R. 7 E. ttWh?;

VP.
CY23: Road cut on Kan. Hwy.

Bullington Creek; SE1/4 SE1/4
uWh?; VP.

CY24: Road cut on Kan. Hwy.
over Bullington Creek; SW1/4
7 E. uSp-uWt; G.

CY25: Road cut on Kan. Hwy.
over liullington Creek; SE1/4
mSp-uWt; G. (131).

CY26: Road cut on Kan. Hwy.
Bullington Creek; SW1/4 SE1/4
VP.

mile west of bridge over
31 S., R. 7 E. trWt-/Ws;

miles west of bridge over
31 S., R. 7 E. /-uWt; F.

miles west of bridge over
T. 31 S., R. 7 E. /-ttWt;

38, 0.7 mile east of bridge over
SE1/4 sec. 21, T. 32 S., R. 7 E.

38, 0.4-0.6 tilde east of bridge
SE1/4 SE1/4 sec. 21, T. 32 S., R.

38, 0.3-0.4 mile west of bridge
SE1/4 sec. 20, T. 32 S., R. 7 E.

38, 0.6 mile west of bridge over
sec. 20, T. 32 S., R. 7 E. trWh?;
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CY27: Road cut on Kan. Hwy. 38, 0.8-0.9 mile west of bridge
over Bullington Creek; SE1/4 SW1/4 sec. 20, T. 32 S., R. 7 E.
ntSp-uWt; P.

CY28: Road cut on Kan. Hwy. 38, 0.4-0.5 mile east of junction
with Kan. Hwy. 15; SE1/4 SW1/4 sec. 19, T. 32 S., R. 7 E.
uSp-/Ws; G. (115).

CY29: Road cut on Kan. Hwy. 15, 0.4-0.6 mile south of railroad
crossing; NW 1/4 NW1/4 sec. 30, T. 33 S., R. 7 E. uSp-ttWt; F.
T. curb. (ttWt, cherty Is., 1).

CY30: Road cut on Kan. Hwy. 15, 0.8-1.0 mile south of railroad
crossing; SW1/4 NW1/4 sec. 30, T. 33 S., R. 7 E. mSp-/Ws; G.
(118). T. curb. (/Wt, cherty Is., 11).

CY31: Stream cut, 0.3 mile northeast of Kan. Hwy. 15 bridge
over Wild Cat Creek; SW1/4 NW1/4 sec. 31, T. 33 S., R. 7 E.
/Wt-/Ws; P.

CY32: Road cut on Kan. Hwy. 15, 1.2 miles north of junction
with U.S. Hwy. 166: SW1/4 SW1/4 sec. 31, T. 33 S., R. 7 E.
/Sp-uWt; G. T. curb. (/Wt, cherty Is., 1).

CY33: Road cut on U.S. Hwy. 166, 0.4 mile west of junction with
Kan. Hwy. 15; NW1/4 NE1/4 sec. 12, T. 34 S., R. 6 E. mSp-
uWt; G. (120).

CY34: Road cut on U.S. Hwy. 166, 1.6 tuiles west of junction
with Kan. Hwy. 15; NE1/4 NW1/4 sec. 11, T. 34 S., R. 6 E.
/-uWt; F. (132).

CY35: Road cut on U.S. Hwy. 166, 1.8 !odes west of junction
with Kan. Hwy. 15; NW1/4 NW1/4 sec. 11, T. 34 S., R. 6 E.
tnSp-/Wt; I'. (125).

CY36: Road cut on U.S. Hwy. 166, 2.1 tulles west of junction
with Kan. Hwy. 15; SE1/4 NE1/4 sec. 10, T. 34 S., R. 6 E. uWt-
uW1i; G. (124). T. curb. (uWt, cherty Is., 1).

CY37: Spillway just north of dam of Cowley County State Lake;
SW SW (4 sec. 8, T. 34 S., R. 6 E. mSp-nWs; VG.

CY38: Road cut on county road, 1.5 miles south of U.S. Hwy. 166;
NW1/4 SW V4 sec. 18, T.34 S., R. 7 E. tntip-uWt; F. (121).

CY39; Road cut on county road, 1.7 miles south of U.S. Hwy. 166;
SW !':( SW '4 sec. 18, T. 34 S., R. 7 E. mSp-ttWt; F.

CY 4 0: Itt tad cut on U.S. Hwy. 166, at west end of bridge over
railroad and Grouse Creek; center sec. 23, T. 34 S., R. 5 E.
uWt-tiWs; G. (123). T. curb. (uWs, algal-molluscan IS., ).

CY4 : Stream bed of tributary to Grouse Creek, 1 mile nitrtheast
of Silverdale: NE 1 /4 NW V., sec. 33, T. 34 S., R. 5 E. uWt-/Ws;
E. (122). T. curb. (t/Wh, cale. sh., 1).

GEARY COUNTY (Figure 4)
CU) I: Road cut on U.S. Hwy. 40 (I-70), 1.1-1.6 miles east of

i unction with Kan. Hwy. 13; NV2 SW1/4 sec. 27, T. 11 S.,
R. 8 E. /Sp-uWs; G. T. curb. (/Wh, cale. sh., 1; ttWh, cale. sh.,
2; In Ws, cale. sh., 66).

GE02: Road cut on U.S. Hwy. 40 (1-70), 0.6-0.9 mile east of

t unction with Kan. Hwy. 13: Ni/2 SE±4 sec. 28 . T. 11 S., R. 8
E. /Ws-uMw; F. T. ear'. (mWs, cale. sh., 25).

CDC: Road cut on U.S. Hwy. 40 (1-70), 1.0 miles west of junc-
tion with Kan. Hwy. 13; E1/4 SPX( see. 30, T. 11 S., R. 8
F.. m-uMw; P.

G!'.04; Road cut on U.S. Hwy. 40 (I-70), 1.5 miles west of junction
with Kan. Hwy. 13; EI/2 NW1/4 SE1/4 sec. 30, T. 11 S.. R. 8 E.
/-uWs; G. (35). T. curb. (mWs, cale. sh., 9).

CLOS: Road cut on U.S. Hwy. 40 (I-70), 1.8 miles west of junction

with Kan. Hwy. 13; W'/2 NW1/4 SEY4 sec. 30, T. 11 S., R. 8 E.

/Ws-/Mw; F.
GE06: Road cut on U.S. Hwy. 40 (1-70), 3.0-3.3 tuiles west of

;unction with Kan. Hwy. 13; NE1/4 SE!.n sec. 25, T. 11 S.,
R. 7 E. uWt-/Mw; VP.

(a)7: Road cut on U.S. Hwy. 40 (I-70), 2.0 miles east of bridge
over McDowell Creek; NWL'I see. 25, T. 11 S., R. 7 E.
mSp-/Ws; G. (32). T. curb. (/Wh, cale. sh., 9).

GE8: Road cut on U.S. Hwy. 40 (I-70), 0.4 mile east of bridge
over McDowell Creek; SW1/4 NE1/4 sec. 27, T. 11 S., R. 7 E.
/Sp-uWt; G.

GE9: Road cut on U.S. Hwy. 40 (1-70), 0.9 mile west of bridge
over McDowell Creek; 5E1/4 NW1/4 sec. 28, T. 11 S., R. 7 E.
/Sp-uWt; G.

GE 10: Road cut on U.S. Hwy. 40 (1-70), 1.1 miles west of bridge
over McDowell Creek; NW V( SW 1/4 sec. 28, T. 11 S., R. 7 E.
uNiVt-/Ws; VP.

GEI 1: Road cut on U.S. Hwy. 40 (I-70), 1.3-1.5 milts west of
bridge over McDowell Creek; SE1/4 NE1/4 sec. 29, T. 11 S.,
R. 7 E. nt-uMw; F.

GE 12: Road cut on U.S. Hwy. 40 (1-7 (1 ), 1.1-1.2 miles cast of
bridge over Clark Creek; NE1/4 NE1/4 5E1/4 sec. 25, T. 11 S..
R. 6 E. m-uMw; F.

GE13: Road cut on U.S. Hwy. 4 )) (1-70), 0»-1.0 mile east of
bridge over Clark Creek; SE1/4 NE1/4 5E1/4 sec. 25, T. 11
R. 6 E. feSp-/Mw; G. T. curb (/Wh, calc. sh., 24; mWs, cale.
sh., 6; mWs, eherty Is., I ).

GE14: Road cut on U.S. Hwy. 40 (1-70), 0.8 mile east of bridge
over Clark Creek; NEV4 SW 1/4 5E1/4 sec. 25, T. II S., R. 6 E.
mtip-uWt; F.

GE15: Road cut on U.S. Hwy. 40 (I-70), 0.7 mile cast of b.idge
over Clark Creek; NW1/4 SW L":1 5E1/4 sec. 25, T. II S., R. 6 E.
/Sp-feWt;

GE If,: Road cut on U.S. Hwy. 40 (1-70), 0.5 tulle east of bridge
over Clark Creek; N IZ: SE Vt SW 1/4 sec. 25, T. 11 S., R. 6 E.
/Sp-mWh; F. T. curb. "h, cale. sh., 16).

GEI7: Road cut on U.S. Hwy. 40 (1-70), 0.5 mile west o! Pridt2,e
over Clark Creek; SE 1/4 SW 1/:( sec. 26, T. 11 S.. R. 6 F..
InWt-IMw; F. T. curb. "h, cale. sh., 29; mWs, cal:. sh., 1).

GE18: Road cuts on U.S. Hwy. 40 (1-70), 0.8-1.5 miles west of
bridge over Clark Creek; NE 1.4 sec. 34, T. 11 S., R. 6 E.
/Sp-uMw; VG. (30). T. curb. (uSp, calc. sh., 2; /Wh, cale. sh.,
3; mWs, cale. sh., 8).

GE!'): Road cut t un U.S. I Iwy. 40 (1-70), 0.3-0.7 mile west of
junction with Kan. Hwy. 57; N ' 	NW	 sec. 8, T. 12 S.,
R. 6 E. uMw: F.

GE20: Road cut tin U.S. Ilwy. 40 (1-70), at east end ol b-idge
over Smoky 11,11 River; NW	 NE'4 sec. 7 . T. 12 S., R. 6 F.
/Sp-uWt; G.

GE21: Road cut on Alt. (lius. Rt.) U.S. Hwy. 40, at east end
of bridge over Smoky Hill River; SW	 SE VI sec. 6, T. 12 S.,
R. 6 E. /Sp.-uWt: G. (28).

GE22: Road cut on Kan. Hwy. 13, 2.2 miles south 01 junction
with U.S. Hwy. 40 (1-70); SW corner sec. 4, T. 12 S., R. M E.
/-n/Ws; F.

GE23: Stream eut 0.1 mile east of Kan. Hwy. 13, 2.5 tuiles south
of junction with U.S. Hwy. 40 (I-70); S‘V!, NW Li sec. 9.
T. 12 S., R. 8 E. /Sp-/Wt; G. (134).

GE24: Road cut on Kan. Hwy. 13, 2.6-2.8 miles south of junction
with U.S. Hwy. 40 (I - 70); center W edge sec. 9. T. 12 S.,
R. 8 E. mWli-uMw; VG. T. curb. (1,1W S. Cale. sit.. 1).

GE25: Road cut on Kan. Hwy. 13, 3.2 miles south of junction
with U.S. Hwy. 40 (I-70): NW Lt NW!4 sec. 16, T. 12 S.,
R. 8 E. ttWh-uMw; G. (33).

(;E26: Road cut on Kan. Hwy. 13, 3.3-3.6 miles south of junction

with U.S. I IwY• 4 0 (I-70): 5EV, NW Li sec. 16, T. 12 S., R. M E.
n/Ws-uMw; P. T. curb. (In Ws, cale. sh., I).

GE27: Road cut on Kan. 1 Iwy. 13, 3.7 tulles south of junction
with U.S. Hwy. 40 (I-70); NW '. i SEL:t see. I 6, T. 12 S.,
R. 8 F. / - 1)2Ws; F.

GE28: Road (litch (tti Ran. Hwy. 13, 3» miles south of junction
with U.S. Hwy. 411 (I-70); SE I 4 SEI4 scc. 16. T. 12 S., R. S E.
:Ms; VP.
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(1E29: Road ditch on Kan. Hwy. 13, 4.2 miles south of junction
with U.S. Hwy. 40 (I-70); NE corner sec. 21, T. 12 S., R. 8 E.
uWs; VP.

GE30: Road cut on U.S. Hwy. 77, 0.6-0.8 toile south of bridge
over Smoky Hill River; NE1/4 NE1/4 sec. 34, T. 12 S., R. 5 E.
nWh-mMw; VG. (137). T. curb. (uWh, calc. sh., 38; /Ws,
cale. sh., 3; /Ws, cherty Is., 7; mWs, cale. sh., 18; mWs, cherty
Is., 1).

(1E31: Quarry and hill slope at edge of Wreford; NW 1/4 SE 1/4
sec. 35, T. 12 S., R. 5 E. uWt; VP. (27; type locality of Wre-
ford Limestone).

GREENWOOD COUNTY (Figure 5)

GR01: Road cut on county road, 11 miles southeast of Matfield
Green; 5E1/4 5E1/4 sec. 16, T. 23 S., R. 9 E. /Sp-/Ws; VG. (97).
T. curb. (/Wh, cale. sh., 5; /MTh, cale. sh., 1).

GRO2 : Road ditch at intersection of county roads, 9 1/4 miles south
of Matfield Green; NE1/4 NW 1/4 sec. 19, T. 23 S., R. 9 E.
trWs; VP. (99).

GR3: Gully and road ditch on county road, 10 miles south of
Matfield Green; SE1/4 NW 1/4 sec. 19, T. 23 S., R. 9 E. trWh;

VP (HI).
GR4: Gully in field, 11 miles south of Matfield Green; NE1/4

SW1/4 sec. 25, T. 23 S., R. 8 E. trWh-ziWs; VP. (98).
GR05: Road ditch on county road, 11 miles south of Matfield

Green; E1/4 5E1/4 sec. 25, T. 23 S., R. 8 E. /Sp-/Wt; VP. (100).

LYON COUNTY (Figure 4)

LYN: Road cut on county road, 0.7 mile north of junction with
U.S. Hwy. 56; NE1/4 5E1/4 sec. 10, T. 16 S., R. 10 E. 1Sp-uWt;

G.
LY2: Road cut on U.S. Hwy. 56, 0.8 mile east of bridge over

Bluff Creek; NW 1/4 NE1/4 sec. 15, T. 16 S., R. 10 E. /Sp-trWt;
G. (57).

LY3: Road cut on U.S. Hwy. 56, 0.95 mile east of bridge over
Bluff Creek; NW 1/4 NE1/4 sec. 15, T. 16 S., R. 10 E. uSp-uWt;

F. T. carb. (uSp, cale. sh., 2).
LY4: Road cut on U.S. Hwy. 56, 1.05 miles east of bridge over

Bluff Creek; NE1/4 NE1/4 sec. 15, T. 16 S., R. 10 E. trWt; P.
T. curb. (aWt, cherty Is., 1).

LY5: Road cut on U.S. Hwy. 56, 1.2-1.3 miles east of bridge
over Bluff Creek; NE1/4 NE1/4 sec. 15, T. 16 S., R. 10 E. ziWt;
P. T. each. (trWt, cherty Is., 2).

LY6: Road cut on U.S. Hwy. 56, 1.5 miles east of bridge over
Bluff Creek; NW 1/4 NW 1/4 sec. 14, T. 16 S., R. 10 E. uWt-
mWh; G.

LY7: Road ditch on U.S. Hwy. 56, 1.7 miles east of bridge over
Bluff Creek; NW 1/4 SE1/4 NW 1/4 sec. 14, T. 16 S., R. 10 E.
z(Wt; VP.

LY8: Road cut on U.S. Hwy. 56, 1.8 miles east of bridge over
Bluff Creek; SE1/4 5E1/4 NW 1/4 sec. 14, T. 16 S., R. 10 E.
uWt-nWh; G. T. curb. (trWh, brachiopod-molluscan Is., 1).

LY9: Road cut on U.S. Hwy. 56, 2.0 miles east of bridge over
Bluff Creek; SW 1/4 NE1/4 sec. 14, T. 16 S., R. 10 E. /-t(Wh; G.
T. each. (uWh, brachiopod-molluscan Is., 1).

LY10: Road cut on U.S. Hwy. 56, 2.1 miles east of bridge over
Bluff Creek; SE1/4 NE1/4 sec. 14, T. 16 S., R. 10 E. trWt-/Wh;
F. (56).

LY11: Road cut on U.S. Hwy. 56, 2.4 miles east of bridge over
Bluff Creek; SW1/4 NW 1/4 sec. 13, T. 16 S., R. 1() E. nzSp-
/Wt; P.

LY12: Road cut on U.S. Hwy. 56, 2.8 miles east of bridge over
Bluff Creek; center sec. 13, T. 16 S., R. 10 E. 1-t(Wt; F.

LY13: Road cut on U.S. Hwy. 56, 3.0 miles east of bridge over
Bluff Creek; SW1/4 NE1/4 sec. 13, T. 16 S., R. 10 E. /Sp-uWt;
G. (54).

MARSHALL COUNTY (Figure 3)

M1,01: Road cut on U.S. Hwy. 36, 2.7 miles west of junction
with Kan. Hwy. 99; 5E1/4 SE1/4 see. 25, T. 2 S., R. 8 E. nzSp-
rtWt; G. (6). T. curb. (uSp, cale. sh., 1).

ML2: Road cut on U.S. Hwy. 36, 2.9 miles west of junction with
Kan. Hwy. 99; SW1/4 5E1/4 sec. 25, T. 2 S., R. 8 E. mWh; F.

ML3: Road cut on U.S. Hwy. 77, 0.2 mile north of junction with
Kan. Hwy. 9; NE1/4 NEV, sec. 21, T. 4 S., R. 7 E. /Sp-/Ws; F.
(7). T. each. (uWt, cherty Is., I; /Wh, cale. sh., 39).

MLO 3. Road cut on county road, 5¼ miles southeast of Wile
Raplds; NW 1/4 SW1/4 sec. 13, T. 5 S., R. 7 E. mSp-/Wt; P.

ML05: Road cut on county road, 9 miles southwest of Frankfort;
center S edge NW 1/4 sec. 26, T. 5 S., R. 8 E. mW1 -1-uWs; F.
( 9 ).

MORRIS COUNTY (Figure 4)

MS1: Stream cut and road ditches along county road, 0.0-0.2 mile
south of bridge over Crooked Creek, 2 miles southeast of
Parkerville; SW1/4 SW1/4 sec. 15, T. 15 S., R. 7 E. trWt-zrWs; F.
(67).

MS2: Stream cut on Gilmore Creek, 6 miles northwest of Council
Grove; SW1/4 sec. 30, T. 15 S., R. 8 E. niSp-trWt; P. (66).

MS03: Road cut on Kan. Hwy. 13, 0.2-0.3 mile south of bridge
()ver East Fork of Middle Creek; SE V) SW 1/4 SW 1/4 sec. 23,
T. 15 S., R. 8 E. uWh-trWs; F. (130).

MSO4: Road cut on Kan. Hwy. 13, 1.8 miles south of bridge over
East Fork of Middle Creek; center NW 1/4 sec. 35, T. 15 S., R. 8
E. trWh-rnWs; F. (70).

M505: Road cut on new Kan. Hwy. 13, 2.5 miles north of junction
with U.S. Hwy. 56 in Council Grove; SW1/4 SE1/4 sec. 35, T.
15 S., R. 8 E. mWh-mWs; G. T. carb. (uWh, calc. sh., 26).

MS6: Road cut on new Kan. Hwy. 13, 1.9 miles north of junction
with U.S. Hwy. 56 in Council Grove; NE1/4 SE1/4 sec. 2, T. 16
S., R. 8 E. trWt-nzWs; VG. T. each. (uWh, cale. sh., 46).

MS7: Road cut on new Kan. Hwy. 13, 1.7 miles north of junction
with U.S. Hwy. 56 in Council Grove; SE1/4 SE1/4 sec. 2, T.
16 S., R. 8 E. m-uWt; G.

MS8: Road cut on U.S. Hwy. 56, 4.3 miles east of junction with
county road just east of Council Grove; SE V,  SW 1/4 sec. 11, T.
16 S., R. 9 E. uSp-uWt; G. T. each. (uSp, cale. sh., 1).

MS9: Stream ditch just south of U.S. Hwy. 56, 3.4 miles east
of junction with county road just east of Council Grove; NE V,
NW 1/4 sec. 15, T. 16 S., R. 9E. mWs?; VP.

MS10: Road cut on U.S. Hwy. 56, 3.0 miles east of junction with
county road just east of Council Grove; SE1/4 SE1/4 sec. 9, T.
16 S., R. 9 E. mSp-trWt; G. (62). T. each. (uSp, cale. sh., 1).

MS11: Road cut on U.S. Hwy. 56, 2.6 miles east of junction with
county road just east of Council Grove; SW 1/4 SE 1/1 sec. 9, T.
16 S., R. 9 E. trWt; VP.

MS12: Road cut on U.S. Hwy. 56, 2.4 miles east of junction with
county road just east of Council Grove; SE1/4 SW1/4 sec. 9, T.
16 S., R. 9 E. tiWt-/Ws; F. (60). T. each. (r(Wh, brachiopod-
molluscan Is., 3).

MS13: Road cut on U.S. Hwy. 56, 1.3 miles east of junction with
county road just east of Council Grove; SE 1/4 SW 1/4 sec. 8,
T. 16 S., R. 9 E. In-trWt; G. (61).

MS14: Road cut on U.S. Hwy. 56, 1.1 miles east of junction with
county road just east of Council Grove; NW 1/4 NW 4 sec. 17,
T. 16 S., R. 9 E. nz-uWt; F.

M5 15: Road cut on U.S. Hwy. 56, 0.2 mile east of junction with
county road just east of Council Grove; NE1/4 NW 1/4 NW 1/4
sec. 18, T. 16 S., R. 9 E. ,n -uWt; F.

MS16: Road cut on U.S. Hwy. 56, 0.1 mile east of junction with
county road just east of Council Grove; NW 1/4 NW 1/4 NW 1/4
sec. 18, T. 16 S., R. 9 E. /Wh; VP.
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MS17: Road ditch on U.S. Hwy. 56, 0.1 mile west of junction with

count y road just east of Council Grove; SE% SE% sec. 12, T. 16
S., R. 8 E. :Mt; VP.

MS18: Road ditch, on hill, on U.S. Hwy. 56, 0.5 mile southwest

of junction with county road just east of Council Grove; NW%

NE% sec. 13, T. 16 S., R. 8 E. ttWt; VP. T. cart). (uWt, chalky

Is., I).

MSI9: Road cut on old U.S. Hwy. 56, at junction with county

road. I mile west of Council Grove; NW% SW% sec. 15, T.

16 S., R. 8 E. mWs; P.

MS20: Road cut on new U.S. Hwy. 56, 0.2-0.3 mile west of

junction with county road (old U.S. 56), 1 mile west of Coun-

cil Grove; NE% SE% sec. 16, T. 16 S., R. 8 E. uWt-/Ws; G.

MS2I: Road cut on new U.S. Hwy. 56, 0.5 mile west of junction

with county road (old U.S. 56), 1.5 miles west of Council

Grove; NW% SE% sec. 16, T. 16 S., R. 8 E. t/Wh-mWs; G.

T. cari'. (/Ws, calc. sh., 12; /Ws, cherty Is., 3).

MS22: Road cut on Kan. Hwy. 13, 0.3-0.4 mile south of bridge

over Four Mile Creek; SE% SE% sec. 3, T. 17 S., R. 8 E.

/Sp-uWt; G. (68). T. carb. (uWt, cherty Is., 6).
MS23: Road cut on Kan. Hwy. 13, 0.9 mile south of bridge over

Four Mile Creek; SW% NE% sec. 10, T. 17 S., R. 8 E. u‘Vh-
mWs; G. (71).

NEMAHA COUNTY (Figure 3)

NE() 1: Road ditch on county road, 6 miles northwest of Sabetha;
SE% sec. 4, T. 1 S., R. 14 E. uSp-t/Wt; VP. (127).

NE02: Road cut on county road, 5 miles northwest of Sabetha;
NW% NW% sec. 15, T. I S., R. 14 E. rnSp-/Wt; P. (126).

POTTAWATOMIE COUNTY (F:gure 3)

PT1: Road cut on Kan. Hwy. 99, 0.7 mile south of county line;

NW% SW% sec. 3, T. 6 S., R. 9 E. u.Sp-uWt; F.

PT2: Road cut on Kan. Hwy. 99, 1.4 miles south of county line:

SW% NW% sec. 10, T. 6 S., R. 9 E. /Sp-uWs; P. (5).
l'T03: Road ditch on Kan. Hwy. 16, 2.8 miles east of junction with

Kan. Hwy. 99; SE% NE% sec. 25, T. 6 S., R. 9 E. ntSp-nWt:
G.

P1'04: Rini(' cut on Kan. Hwy. 63, 0.2 mile north of northern

junction with Kan. Hwy. 16; SW% SW% sec. 34, T. 6 S., R.

12 E. uWt-uWs; G. (18; type locality of Havensville Shale

Member).

l'T05: Road cut on Kan. Hwy. 16, 0.3 mile west of northern

junction with Kan. Hwy. 63; NW% NE% sec. 4, T. 7 S., R. 12
E. ISp-uWt; G. (19).

PT6: Shallow quarry on Kan. Hwy. 16, 0.2 mile east of southern

junction with Kan. Hwy. 63; center S edge SW% sec. 3, T. 7 S.,

R. 12 E. uWt; G. (20).
PT7: Road cut on Kan. Hwy. 99, 1.2 miles south of junction with

Kan. Hwy. 13; NW% NW% sec. 3, T. 7 S., R. 9 E. mWs-
uMw; G. (4).

PTO: Road cut on Kan. Hwy. 99, 1.5 miles south of junction

with Kan. Hwy. 13; center W edge sec. 3, T. 7 S., R. 9 E.

ttWh-/Ws; F. (3).
PT09: Road cut on Kan. Hwy. 99, 1.9 miles south of junction

with Kan. Hwy. 13; SW% SW% sec. 3, T. 7 S., R. 9 E. uSp-
/Ws; F. (2). T. earl'. (/Wh, cale. sh., 3).

IMO: Road cut on Kan. Hwy. 99, 2.3 miles south of junction with

Kan. Hwy. 13: SW% NW% sec. 10, T. 7 S., R. 9 E. /Sp-uWt;
G. (1).

PTII: Road ditch on Kan. Hwy. 63, 2.6 miles south of southern

junction with Kan. Hwy. 16; NW% SW% sec. 22, T. 7 S.,

R. 12 E. uSp-/Wt; VI'. (17).
PTI2: Road cut on Kan. Hwy. 13, 4.6 miles south of junction

with Kan. Hwy. 16; NW% SW% sec. 10, T. 8 S., R. 8 E.

ttWh-/Ws; P.

PT13: Road cut on Kan. Hwy. 13, 4.8 miles south of junction

with Kan. Hwy. 16; SE% SE% sec. 9, T. 8 S., R. 8 E. /Sp-

/Wt; F. (14).

PT14: Road cut on Kan. Hwy. 13, 6.3 miles south of junction

with Kan. Hwy. 16; SW% NW% sec. 22, T. 8 S., R. 8 E.

/Ws-/Mw; F.

PT! 5: Road cut on county road, 7 miles southwest of Westmore-

land; SW% NW% sec. 27, T. 8 S., R. 8 E. uSp-/Ws; P. (13).

PT16: Road cut on Kan. Hwy. 13, 5.0 miles northeast of spillway

cut for Tuttle Creek Dam; SW% NE% sec. 28, T. 8 S., R. 8 E.

uWh-/Mw; G. T. curb. (mWs, cale. sh., 5).

RILEY COUNTY (Figure 3)

RY2: Road cut on Kan. Hwy. 13, 5.8 miles north of junction with

U.S. Hwy. 40 (1-70); SW% SW% sec. 28, T. 10 S., R. 8 E.

/Sp-/Ws; G.

RY3: Quarry on bluff east of Threemile Creek on Ft. Riley Mil.

Reserv.; NW% SW% sec. 11, T. 11 S., R. 6 E. mWt-uWs; F.

(133; type locality of Threemile Limestone Member).

RY4: 111(41d cuts on Kan. Hwy. 13, 1.6-2.1 miles n()rth of junction

with U.S. Hwy. 40 (I-70); SW% sec. 16, T. il S., R. 8 E.

nzSp-mMw; G. (36). T. earl'. (/Wh, molluscan Is., 1; /Ws,

cherty Is., 1).

RY5: Road cut on Kan. Hwy. 13, 1.4 miles north of juncti n 41
with U.S. Hwy. 40 (I-70); NW% NW% sec. 21, T. II S.,

R. 8 E. uSp-uWt; F.

RY06: Road cut on Kan. Hwy. 13, 1.2 miles north of junction

with U.S. Hwy. 40 (1-70); SW% NW% sec. 21, T. 11 S., R. 8
E. ttWh-/Ws; F.

RY8: Road cut on U.S. Hwy. 40 (1-70); 0.4-0.5 mile west of

county line; NW% SE% sec. 27, T. Il S., R. 9 E. uSp-uWt; G.

RY9: Road cut on U.S. Hwy. 40 (1-70), 0.7-0.9 mile west of

county line; NW% SW% sec. 27, T. 11 S., R. 9 E. t»Wh-/Ws;
G.

RY10: Road cut on U.S. Hwy. 40 (1-70), 1.1-1.4 miles west of

county line; N1/2. SE% sec. 28, T. 11 S., R. 9 E. u Wh-/Ws: G.

RY11: Road cut on U.S. Hwy. 40 (1-70), 1.5 miles west of county

line; center sec. 28 . T. 11 S., R. 9 E. /-mWh; F.

RY12: Road cut on U.S. Hwy. 40 (1-70), 1.6-1.7 miles west of

county line; NE% SW% sec. 28, T. 11 S., R. 9 E. /-mWh; F.

RYI3: Road cut on U.S. Hwy. 40 (1-70), 1.8-1.9 miles west of

county line; NW% SW% sec. 28, T. 11 S., R. 9 E. mWh-/Ws;
F. T. curb. (uWh. calc. sh., 2).

RY14: Road cut on U.S. Hwy. 40 (1-70), 2.1-2.4 miles west of

county line; NY2 SE% sec. 29, T. Il S., R. 9 E. /Sp-/Ws; VG.

(Moore & Merriam, 1959, p. 26-27). T. earl'. (/Wh, cale. sh.,

2).

WABAUNSEE COUNTY (Figure 4)

WA1: Road cut on U.S. Hwy. 40 (I-70), 1.3-1.6 miles west of

junction with Kan. Hwy. 99; SW% NW% sec. 28, T. Il S.,

R. 10 E. uSp-uWh; G. T. curb. (/Wh, calc. sh., I).

WA2: Road cut on U.S. Hwy. 40 (1-70), 1.7-1.8 lodes west of

junction with Kan. Hwy. 99; SW% NE% sec. 29, T. 11 S.,

R. 10 E. tiSp-ttWh; G. T. earl'. (/Wh, cale, sh., 1).

WA3: Road cut on Kan. Hwy. 99, 1.4 miles northwest of junc-

tion with Kan. Hwy. 4 in Eskridge; NEI/4 NE% s'N. I. T. 14 S.,

R. Il E. /Sp-tnWh; VG. (49).

WA4: Road cut on Kan. Hwy. 99, 3.7 miles east of junction with

Kan. Hwy. 4; SW% SW% sec. 32, T. 13 S., R. 11 E. uSp-
mWh; G.

WA05: Road cut on Kan. Hwy. 99, 3.3 miles cast of junction with

Kan. Hwy. 4: SE% SE% sec. 31, T. 13 S., R. 11 E. /-uWs; G.
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WA6: Small quarry just south of Kan. Hwy. 99, 3.1 miles east

J,f junction with Kan. Hwy. 4; NW% NE% sec. 6, T. 14 S.,

R. 11 E. r/Wt; P.

WA7: Road cut on Kan. Hwy. 99, 3.1 miles east of junction with

Kan. Hwy. 4; SW% SE% sec. 31, T. 13 S., R. 11 E. uWt; P.

WA8: Road cut on Kan. Hwy. 99, 3.0 miles east of junction with

Kan. Hwy. 4; SE% SW% sec. 31, T. 13 S., R. 11 E. /Sp-uWt;
G.

WA9: Stream cut on Illinois Creek, 6 miles east of Alta Vista;
NW% NE% sec. 35, T. 13 S., R. 9 E. uSp-uWt; P. (135).
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