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TREPOSTOMATOUS BRYOZOA OF THE HAMILTON GROUP OF NEW YORK STATE

By RicHarp S. BoarpMAN *

ABSTRACT

The trepostomatous Bryozoa known from the Middle De-
vonian Hamilton group of New York represent 26 species and
two subspecies belonging to 10 genera and 1 subgenus.
genera, Polycylindricus and Lozophragmae; the subgenus,

Leptotrypella (Pycnobasis) ; and 19 species and.the 2 sub-

species are new.

In the area of study from Lake Erie to Owasco Lake,
Trepostomata are known only from the Ludlowville and Mos-
cow formations. Some species have a restricted stratigraphic
distribution. In the Ludlowville shale, four species are re-
stricted to the Centerfield limestone member, 1 subspecies to
the Ledyard member of Cooper (1930), three species to the
Wanakah member as used by Buehler and Tesmer (in press),
and 1 species is restricted to the King Ferry shale member
of Cooper (1930). In the Moscow shale, 1 species and 1 sub-
species are restricted to the Kashong member of Cooper (1930)
and 4 species are restricated to the uppermost Windom mem-
ber.

The Hamilton rocks of western and central New York con-
sist largely of calcareous mudstone, shale, and limestone.
Five rock types are represented, and these are closely corre-
lated with the distribution of faunas. Trepostomata are
abundant in the calcareous mudstone facies, sparse in the silt-
stone and coral-bearing limestone, and were not found in the
dark shale and sandstone. Application of Stach’s findings on
Recent Bryozoa to the Hamilton species suggests that growth
habit was controlled largely by the amount of agitation in
the water, “unstable” species developing ramose colonies in
quiet water and incrusting colonies in agitated water. The
predominantly incrusting colonies and bioclastic matrix in
the coral-bearing limestone facies suggest agitated waters;
the predominantly ramose colonies preserved as complete
zoaria in the calcareous mudstone facies suggest quieter
waters.

The defined members of the Ludlowville and Moscow forma-
tions are considered, on the basis of the distribution of the
bryozoan species,,to be essentially coeval, and phylogenetic
linenges are inferred in three genera. A general increase in
size of zoaria is demonstrated in the lineages of the three
genera.

The present study indicates that amalgamate and intergrate
wall structures in tangential sections are not reliable sub-
ordinal criteria, primarily because occurrence of amalgamate
or integrate walls is not always constant within a species or
genus. Longitudinal sections demonstrate that either an
amalgamate or an integrate appearance can be produced by
variations in either one of two wall structures now tentatively
considered to be fundamentally different and taxonomically

! Now with the Smithsonian Institution, Washington, D.C.
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important. ‘Hamilton genera do not’ ﬁt into the present family
classification,. partly due to the lack of recognlzable “primary?
and “secondary” parts of zooecial walls. A tentative group-
ing of the Middle Devonian genera is based. on, the configura-
tion of the laminae in the zooec1a1 walls as seen .in both
longitudinal and tangentlal sectlons One tentative subordmal
group includes genera displaying stereotoechid, leioclemid,
trachytoechid, .and leptotrypellid wall structures, all defined
in this paper. The other.group includes the genera showing
atactotoechid wall structure, also defined. The wa\l structure
for each of the Hamilton genera is descnbed in deta11 and
previously described species are reas51gned where necessary

The nearly complete ramose zoaria collected in the Hamilton
group furnished material for study of morphologic variation
within a colony. The amount of variation indicates that
“species” could be and probably have been .differentiated on
characters commonly occurring in a single zoarlum Intra-
zoarial variation of characters falls into two natural groups :
that controlled by growth stages (ontogeny), and that largely
independent of ontogeny. To -evaluate and. make: usable
characters affected by ontogeny, growth stages are arbitrarily
defined by numbers of diaphragms in the zooecia. Measure:
ments of the other ontogenetic characters, primarily width of.
ephebic zone and axial ratio, are recorded for each of these
growth stages and presented either in scatter diagrams or
tables. After study of complete trepostomatous zoaria of the
Hamilton group, it is evident that if a reasonable number of
disassociated fragments of trepostomes from the average collec-
tion is studied, an adequate approximation of growth stages
can be obtained and more realistic species concepts established.

The nearly complete ramose zoaria also provide information
on the nature of growth in branching colonies. A iproposed
growth hypothesis is based on cyclic growth and resorption.
Thick zooecial walls were periodically formed around the ends
of the branches, as shown by their presence in 80 percént of
the sectioned growing tips. The thf(’zk zooecial walls were
partly resorbed in the growing tip region and act}ve thin-
walled growth followed, extending the neanic zones and
branch lengths distally. The formation of new thick-walled
zones around -the tips completed the cycle. Proximal to the
growing tips, the zooecia assumed permanent posit'i"ons opening
along the sides of the branches. Here growth was relatively
constant with no sign of resorption and progressively older
growth stages occur toward the bases of zoaria.

INTRODUCTION

The Hamilton group of New York State has been
considered one of the classic Middle Devonian sec-
tions of the world since the early work of James Hall

1



2 TREPOSTOMATOUS BRYOZOA, HAMILTON GROUP

with the New York Geological Survey. The Hamil-
ton fauna is noted for its abundance, diversity, and
excellent preservation. The bryozoan element of the
fauna includes representatives of all four Paleozoic
orders and is especially distinguished by the common
occurrence of essentially complete zoaria.

This paper deals with one of the four Paleozoic
orders of the Bryozoa, the Trepostomata. The pur-
pose of the study is to review and re-evaluate the mor-
phology and its bearing on taxonomy and to describe
the fauna and investigate its possible stratigraphic
value.

The fieldwork was done during the summer of 1952
and 1953. The material studied includes collections
made available by the U.S. National Museum in addi-
tion to those collected by the author for the U.S.
Geological Survey. Within the Hamilton group, the
Trepostomata were found only in the Ludlowville and
Moscow formations of the Tioughnioga stage of
Cooper and others (1942) and were geographically
limited to the region between Lake Erie and Cayuga
Lake, with the exception of a few rare occurrences
farther east in New York (fig. 1).

Previous work on the Bryozoa of New York State
was done almost entirely by James Hall and his col-
leagues. Hall did not use thin sections in his work
and most of his species will not be recognizable until
the types are sectioned. Few of the species Hall
described are of the Trepostomata, as this order shows

- 4s5°
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LIST OF QUADRANGLES

1 A, Buffalo B, Eden 5 Caledonia

2 Depew 6 Honeoye

3 Attica 7 Canandaigua-Phelps
4 Batavia 8 A, Geneva B, Ovid

9 A, Auburn B, Genoa

FIGURE 1.—Map of New York State showing the area of the outcropping
belt of the Hamilton group and outlines of the Geological Survey quad-
rangle maps covering the area studied.

little differentiation externally. Most of Hall’s work
is concerned with the Cryptostomata and Cyclostomata
and was published between 1873 and 1891. His most
comprehensive work on the Bryozoa was published
in 1887 (Hall and Simpson).

A few other trepostomatous Bryozoa from New
York are described in papers dealing largely with
other areas or with general faunal studies. Ulrich
(1890, p. 416, pl. 45, figs. 5-5d) described Dekayia
devonica, some of the cotypes coming from the
Eighteen Mile Creek section, Erie County, New York
(present report, p. 67). Grabau (1899, p. 137, fig.
22) described Monotrypa amplectens from the Averys

Creek section, Erie County, New York, in a general

faunal study of the Hamilton group of the Eighteen
Mile Creek section (present report, p. 60). Ulrich
and Bassler (1904, p. 39, pl. 11, figs. 10-12) described
Leioclema monroei from a locality near Bethany, N.Y.
(present report, p. 45). ,

The known work on the Trepostomata of the Hamil-
ton of New York is covered in this short summary.
The large proportion of new species described in this
paper reflects the lack of work done on the order.

The only major study of Trepostomata of Hamilton
age outside of New York State is that of Duncan
(1939) on the fauna of the Traverse group of Michi-
gan. Eleven new genera were erected, 6 of which
occur in New York. Other authors described one to
several species of Traverse Trepostomata without
attempting a complete study (Winchell, 1866 ; Romin-
ger, 1866; Ulrich, 1890; and Bassler, 1911b). Scat-
tered species are also described from strata of Hamil-
ton age in Ontario by Nicholson (1874a, 1874b) and
Fritz (1930). Bassler (1911b) described several spe-
cies from the Devonian of Wisconsin, and Ulrich and
Bassler (1913b) described a single species from the
Romney shale of Maryland. Single species were de-
scribed from Hamilton equivalents in Iowa (White,
1876) and Ohio (Stewart, 1927).

This work was done under the guidance of Helen
Duncan, of the U.S. Geological Survey. U. S. Na-
tional Museum specimens included in the study were
collected by G. A. Cooper, A. R. Loeblich, Jr., and
I. G. Reimann. Collecting localities were suggested
by the late R. R. Hibbard, of Buffalo, N.Y., J. W.
Wells, G. A. Cooper, and I. G. Reimann. James Hall’s
type specimens were generously made available for
sectioning and study by D. W. Fisher, C. F. Kilfoyle,
and N. D. Newell. Type thin sections of Traverse
species were loaned to the writer by G. M. Ehlers.
Many helpful suggestions were made by G. A. Cooper,
W. A. Oliver, Jr., F. H. T. Rhodes, and H. R.
Wanless.
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STRATIGRAPHY

The Hamilton group of New York is part of the
standard North American Devonian column and is
correlated with the Eifelian and most of the Givetian
of Europe (Cooper, and others, 1942). With the ex-
ception of the Tichenor limestone member and the
Wanakah shale member as used by Buehler and Tes-
mer, in press of the Ludlowville shale, the strati-
graphic units used in the present paper are as defined
in a definitive paper on the detailed stratigraphy of
the Hamilton group by G. A. Cooper (1930).

Trepostomatous Bryozoa occur most commonly in
the Hamilton outcrops between Lake Erie on the
west and Cayuga Lake in central New York State
(figs. 1, 6). The outcrop area of the Hamilton be-
tween these lakes is a 10-mile belt extending eastward
from Lake Erie. The rocks are nearly flat lying; the
prevailing dip is to the southeast about 34 feet per
mile (Cooper, 1930, p. 119). The main stratigraphic
problems are concerned with facies changes and rather
obscure lithologic differences at the boundaries be-
tween some members. Fortunately, thin distinctive
faunal zones appear to be continuous over large areas
and afford a measure of stratigraphic control.

The Hamilton group is primarily a clastic sequence
consisting of calcareous mudstone, shale, and siltstone.
A few thin, persistent limestone units, such as the
Centerfield and Tichenor limestone members, are inter-
bedded with the shales. The group shows a general
increase in thickness eastward, and is 285 feet thick
at Lake Erie and 680 feet thick at Cayuga Lake
(Cooper, 1930, p. 121). As the clastic beds thicken
eastward, the shale and mudstone that predominate in
the Lake Erie region gradually change to siltstone in
the Finger Lakes region. East of Cayuga Lake sandy
beds are predominant.

MARCELLUS AND SKANEATELES FORMATIONS

No trepostomatous Bryozoa were found in the two
lower formations of the Hamilton in the area studied.
The Marcellus shale is generally 4 dark gray to black,
bituminous, fissile shale that contains a sparse fauna.

The Skaneateles shale has the thin Stafford lime-
stone member at the base. The Stafford is 15 feet
thick at Lake Erie (Cooper, 1930, p. 216) and thins
eastward, finally losing its identity east of Seneca
Lake, where its position in the section is occupied by
the Mottville member of Smith, 1916. At Lancaster,
the Stafford contains small brachiopods, gastropods,
trilobites, and fistuliporoid and fenestellid bryozoans.
The superjacent Levanna shale of Cooper (1930) is
a fissile to platy dark shale containing a sparse fauna

very similar to that of the Marcellus shale (Cooper,
1930, p. 217).
LUDLOWYVILLE SHALE

Trepostomatous Bryozoa first appear in the Center-
field limestone member at the base of the Ludlowville
shale (fig. 2). They are very rare in the overlying
Ledyard member of Cooper (1930) and become com-
mon to abundant in the poorly bedded, light-gray,
calcareous shale and mudstone members in the upper
part of the formation.

Centerfield Uimestone member.—The Centerfield
limestone member is predominantly limestone and
occurs at the base of the Ludlowville shale. The mem-
ber contains the lowest occurrence of trepostomatous
Bryozoa known in the Hamilton group. The type
locality is on Schafter Creek, 1 mile north of Center-
field in the Canandaigua quadrangle. Here the Cen-
terfield member is about 20 feet thick and is comprised
of alternate thin limestones and shales. Both the
limestones and shales are abundantly fossiliferous,
typically containing large colonial and solitary corals
and massive and encrusting fistuliporoid ‘Bryozoa.
Surrounding the larger more massive fossils is a
matrix of comminuted fossil debris. Westward the
member thins and is less shaly. At Blossom in the
Depew quadrangle the Centerfield is only 414 feet
thick; and west of this locality, typical Centerfield
lithology is not known.

The Centerfield thickens east of the type section,
and shale and mudstone become predominant. At
Seneca Lake the lower 12 to 15 feet of the Centerfield
1s homogeneous mudstone containing a few thin, shaly
limestone layers. The mudstone is sparsely fossili-
ferous; the limestones contain the typical coral assem-
blage. The matrix of the limestone between larger
corals is a fine calcareous mud, not the broken fossil
debris that is common farther west. The upper 15
feet of the Centerfield at Seneca Lake is a soft,
medium- or poorly bedded shale; 1- to 2-inch layers
of more resistant fossil debris are common in this
interval, and large nodules of limestone are scattered
throughout. The fauna consists largely of brachio-
pods, trepostomatous bryozoans and a few small speci-
mens of Pleurodictyum. The typical Centerfield coral
fauna is not developed in this upper zone. '

At Moonshine Falls on Cayuga Lake, the upper 3
to 4 feet of the Centerfield is well exposed. This
uppermost rock is composed of shaly limestone and
limy shale. Large colonies of tabulate corals occur
sparsely, and brachiopods, trepostomatous and fistuli-
poroid bryozoans, horn corals, and trilobites are
common.
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Lake Erie
Cazenovia Creek
Murder Creek
East Bethany
Genesee Valley

Livonia
Canandaigua Lake
Seneca Lake
Cayuga Lake
Owasco Lake

Windom member

Kashong member of Cooper (1930)

Moscow shale

Menteth limestone member

Portland Point member
of Cooper (1930)

T
T

Deep Run member of Cooper (1930)
King Ferry

Tichenor limestone member

shale member

HAMILTON GROUP

Wanakah shale member as used by Buehler and Tesmer (in press)

éof Cooper (1930)

Ludlowville shale

Ledyard member of Cooper (1930)

Pteropod bed <

Centerfield limestone member

F16URE 2.—The members of the Ludlowville andi Moscow forxﬁations are arranged relative to their inferred time and geographic position (mod-
ified from Cooper and others, 1942) ; time lines are horizontal, geographic position from west to east along the outcrop belt of the Hamil-

ton group is indicated by the place names at top of diagram.

The Centerfield limestone member has a distinctive
trepostome fauna. In general, zoaria of the-Center-
field species occur in the interbedded shales and be-
come more abundant eastward as the member becomes
more shaly. Thus, the trepostomatous bryozoan ele-
ment in the Centerfield faunule is most useful strati-
graphically in the Finger Lakes region. Four species
(fig. 3) are presently known only from the Centerfield
member. Three of these, 7'rachytoechus wvariacellus,
Leptotrypella mesostena mesostena, and Loxophragma
leptum are fairly widespread geographically. Stereo-
toechus cf. S. typicus is known from one specimen
in the Centerfield member in the Batavia quadrangle
and is not important stratigraphically. 7. variacellus
is common in the upper few feet of the Centerfield
member in the Finger Lakes region. In addition,
Polycylindricus clausus is widespread geographically
in the Centerfield member and occurs with 7. varia-
cellus in large numbers in the upper few feet of the
Centerfield at Cayuga Lake; P. clausus also is very
rare at a single Ledyard locality and there are a few
specimens in the Windom member at the top of the
Hamilton. Both 7. wariacellus (see p. 49) and the
genus Polycylindricus (p. 67) have distinctive exter-

| nal appearances, and if found together in abundance

are indicative of the Centerfield limestone member in
New York.

Ledyard member of Cooper (1930)—The Ledyard
member is a shale that overlies the Centerfield lime-
stone member. The type section is on Paines Creek,
Ledyard township, Cayuga Lake. The Ledyard is
continuous from its type locality to Lake Erie, and,
except for local lenticular thickening, thins westward
(see Sutton, 1951, p. 366). At Cayuga Lake the thick-
ness ranges from 60 to 100 feet (Cooper, 1930, p. 224)
and at Lake Erie the member is 30 feet thick. - At the
type section the Ledyard is a dark fissile shale with a
few thin beds of medium to light gray, poorly bedded
shale at irregular intervals. The fauna is sparse and
generally similar to that of the Marcellus shale
(Cooper, 1930, p. 224). In the White Creek area of the
Batavia quadrangle the lower 15 feet of the Ledyard
member is a light gray, poorly bedded shale that
contains an abundance of chonetid brachiopods and
the only specimens of Trepostomata found in the
member. Above the 15 foot basal unit, the Ledyard
is thin-bedded to fissile and fossils are rare. Because
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Stereotoechus cf. S. typicus Duncan
Trachytoechus variacellus (Hall)
Leptotrypella mesostena mesostena Boardman, n. subsp.
Loxophragma leptum Boardman, n. sp.

Lezoclema confertiporum (Hall)
Polycylindricus clausus Boardman, n. sp.

Atactotoechus acritus Boardman, n. 4sp.

Dyoidophragma polymorphum Boardman, n. sp.

Leptotrypella mesostena provecta Boardman, n. subsp.

Loxophragma lechrium Boardman, n. sp.

Calacanthopora ? senticosa Boardman, n. sp.
D

Leptotrypella amplectens (Grabau)

Polycylindricus asphinctus Boardman, n. sp.

Leptotrypella pachyphragma Boardman, n. sp.

multitecta Boardman, n. sp.

Atactotoechus cartus cartus Boardman, n. subsp.

Letoclema decipiens (Hall)

Leptotrypella asterica Boardman, n. sp.

amphelicta Boardman, n. sp.

magniporta Boardman, n. sp:

tuberata Boardman, n. sp.

Atactotoechus parallelus Boardman, n. sp.

Leptotrypella polita Boardman, n. sp.

Atactotoechus cartus pilatus Boardman, n. subsp.

Leioclema elasmaticum Boardman, n. sp.

Leptotrypella furcata (Hall)

Atactotoechus hystricosus Boardman, n. sp.
Sfruticosus (Hall)

Ficure 3.—Stratigraphic distribution of the trepostomatous Bryozoa of the Hamilton group of New York. Numbers from 1 to 4 indicate increas-

ing relative abundance of zoaria of a species in localities where that species occurs.

‘The King Ferry shale member of Cooper (1930) is an

eastern silty facles considered to be laterally equivalent to the Wanakah shale member as used by Buehler and Tesmer (in press), Tichenor

limestone member and Deep Run members .of Cooper (1930).

of their scarcity, trepostomatous Bryozoa have little
stratigraphic value in the Ledyard member. However,
the few specimens from the White Creek locality are
important in tracing the phylogenies of several genera
(p. 14).

Wanakah shale member as used by Buehler and Tes-
mer (in press).—The Wanakah shale member overlies
the Ledyard member of Cooper (1930) and is gen-
erally a fossiliferous shale and mudstone. The type
locality of the Wanakah shale member is in the Wana-
kah and Lakewood Beach cliffs, along Lake Erie. As
used here and by Buehler and Tesmer (in press), the
Wanakah shale member includes the shale and mud-

stone sequence beginning with the Strophalosia and
Pleurodictyum beds and terminating at the lowest
limestone layer of the overlying Tichenor limestone
member.

The Wanakah shows little regional change in thick-
ness (see Sutton, 1951, p. 367) and can be traced as
far east as Seneca Lake. East of Seneca Lake the
member becomes more silty and sandy and Joses its
identity, becoming part of the King Ferry shale mem-
ber of Cooper (1930). Trepostomatous Bryozoa are
generally abundant in the Wanakah and are concen-
trated in two zones: the Pleurodictyum zone at or near
the base of the member, and the Stropheodonta de-
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missa zone in the upper few feet of the Wanakah
shale member.

The Pleurodictyum zone is well exposed in the bed
of Cazenovia Creek (locality 9, Depew quadrangle)
where the zone is essentially a series of lenses of highly
calcareous fossil material. The lenses are generally
less than 1 foot thick and are separated by 3 to 4
inches of less fossiliferous shale and mudstone. A few
ramose zoaria were found with intact branches extend-
ing from the lenses into the surrounding shale. The
fauna is characterized by the small tabulate coral
Pleurodictyum, abundant small horn corals, brachio-
pods, and branching trepostomes, all well preserved.
These relatively large fossils are embedded in a matrix
of mudstone and comminuted fossils consisting mainly
of broken crinoid columnals. In the Genesee Valley
to the east, the Pleurodictywm zone is largely shale
and mudstone with only a few thin lenses of fossilifer-
ous material. Still further east of the Pleurodictyum
zone is less conspicuous though it can be found in the
King Ferry shale member in the Cayuga Lake area.

The strata of the Wanakah member between the
Pleurodictyum zone and the Stropheodonta demissa
zone are generally homogeneous poorly bedded shale
and mudstone. These beds are poorly to moderately
fossiliferous; a few half-inch layers of broken fossil
material occur at random. '

The Stropheodonta demissa zone, which lies near
the top of the Wanakah shale member west of the
Finger Lakes area, contains most of the ramose tre-
postomes that are common in the Pleurodictyjum zone.
The lithology is generally similar to that of the
Pleurodictyum zone. In the Canandaigua quadrangle,
the upper 15 feet of the Wanakah has thin, limy fos-
siliferous beds and lenses that average 1 to 2 inches in
thickness. These limy beds are separated by unfossili-
ferous shale and mudstone beds 3 inches to 2 feet thick.
In the Seneca Lake region farther east, the thin fossili-
ferous zones containing trepostomatous Bryozoa occur
throughout the Wanakah member.

Three species are restricted to the Wanakah shale
member. Of these, Leptotrypella amplectens (Gra-
bau) is easily recognized in the field by its constant
association with the brachiopod Spinocyrtia granulosa
(Conrad) and Awlocystis tubaeformis (Goldfuss) an
auloporoid coral (p. 60). The species is fairly com-
mon where found, but appears restricted geographi-
cally in New York to the Buffalo and Depew quadran-
gles, the two extreme western quadrangles of the out-
cropping rocks of the Hamilton group. Polycylindri-
cus asphinctus is less common but is found from Lake
Erie to the Genesee Valley area. Calacanthopora?

senticosa is rare and occurs at only one locality, in the
Buffalo quadrangle.

Leptotrypella multitecta (p. 57) is the most char-
acteristic bryozoan species of the Wanakah shale mem-
ber, occurring abundantly in both the Pleurodictyum
and Stropheodonta demissa zones from Lake Erie as
far east as the Batavia quadrangle and appearing
again in the Cayuga Lake region in the King Ferry
shale member, which is partly equivalent to the Wana-

kah member. ZLoxophragma lechrium is abundant in

the Wanakah and King Ferry members from Lake
Erie to the Cayuga Lake region. However, the species
also occurs in the Kashong member (of Cooper, 1930)
of the Moscow shale in the Genesee Valley and at
Seneca Lake.

Tichenor limestone member—The Tichenor lime-
stone member as used in this paper is bioclastic lime-
stone interbedded with minor amounts of shale. The
fauna of the limestones is characterized by massive
colonial corals, encrusting fistuliporoid bryozoans, ex-
tremely large crinoid columnals, and many brachio-
pods. The fauna of massive colonies and bioclastic
matrix probably indicates an ecological similarity with
the Centerfield limestone member. The few trepos-
tomes found in the Tichenor member occurred in the
thin shale beds.

Cooper (1930, p. 226) drew the Wanakah-Tichenor
boundary at the first appearance of the typical Tiche-
nor fauna in the shale underlying the limestone of the
Tichenor. The fauna in the shale beds underlying
the limestones appears to change progressively up-
ward from a calcareous mudstone fauna (see p. 10)
rich in branching trepostomes to the coralline fauna
that excludes the trepostomes. The species of trepos-
tomes that occur in the transitional shale, which is
here included in the Wanakah shale member as used
by Buehler and Tesmer (in press), also occur in the
Pleurodictyum zone near the base of the Wanakah.

Deep Run member of Cooper (1930) —This member
overlies the Tichenor limestone member between the
Genesee Valley area and Seneca Lake, where it is the
highest member in the Ludlowville shale. Generally
it is a hard brittle calcareous medium- to poorly
bedded shale. A single zoarium of Leptotrypella
tuberata was found in the Deep Run member at Can-
andaigua Lake.

King Ferry shale member of Cooper (1930).—The
King Ferry shale member is generally a siltstone and
is considered the lateral equivalent of the Wanakah
shale, Tichenor limestone, and Deep Run members
(Cooper, 1930, p. 228), which are distinguished west
of the Cayuga Lake region (fig. 2). The type locality
is at Clearview, King Ferry, Cayuga Lake. There the
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member is a homogeneous poorly bedded siltstone or
silty mudstone with a sparse fauna distributed fairly
evenly throughout the member. A Portland Point on
Cayuga Lake, however, the member contains abun-
dantly fossiliferous beds averaging about 1 inch in
thickness and separated by 2 to 4 inches of nearly
barren shale. Partly complete branching trepostome
zoaria were found lying horizontally within the fossili-
ferous layers and 1 zoarium was standing vertically
between 2 fossiliferous layers. However, most of the
fossiles in the thin zones are fragmental.

Leptotrypella multitecta is fairly common 30 or 40
feet from the top of the King Ferry shale member
that measures just over 130 feet in total thickness in
the Cayuga Lake region. If it could be assumed that
L. multitecta was restricted to the Wanakah shale
member or time-rock equivalents of that member, the
lower three-fourths of the King Ferry member could
be correlated with the Wanakah. Unfortunately, other
species of Trepostomata occurring in the 2 collections
are of little stratigraphic value in the King Ferry or
Wanakah members and there is no evidence that L.
multitecta could not have continued in post-Wanakah
sediments in the Cayuga Lake region. Atactotoechus
parallelus is known from just 1 zoarium found in the
King Ferry member so the species is too rare to have
stratigraphic significance. Leptotrypella tuberata is
known from a zoarium in the Deep Run member and
another in the King Ferry member, so that species
also has little stratigraphic value. Besides these 2
rare species, the remaining 5 species found in the
King Ferry member also occur in the Wanakah mem-
ber and 3 of them are found in the Moscow shale
above.

MOSCOW SHALE

The Moscow shale is characterized by calcareous
shales and mudstones containing abundant and well
preserved fossils. The dominant Trepostomata are
large ramose species that were apparently short lived
and have considerable stratigraphic and time sig-
nificance.

Portland Point member of Cooper (1930).—The
Portland Point member is essentially an impure lime-
stone interbedded with varying amounts of mudstone
and shale. The type section of the member is in the
creek at Portland Point on Cayuga Lake. The mem-
ber here is 814 feet thick (Cooper, 1930, p. 229) and
has a basal 1 foot crinoidal limestone followed by
alternations of fossiliferous shale and impure limestone
in discontinuous beds and lenses.

The basal limestone of the Portland Point member
extends westward and is considered to be equivalent
to the Menteth limestone member (Cooper, 1930, p.

230). The Menteth limestone member can be traced
westward beyond the Genesee Valley and no tre-
postomes were found in it.

The Portland Point member continues westward to
the Canandaigua Lake region where the interval above
the basal limestone is a homogeneous mudstone 15 feet
thick followed by a 3-foot bed of 1- to 3-inch clastic
limestone layers interbedded with thin shale partings.

Only three species were collected from the Portland
Point member. Atactotoechus cartus cartus occurs
abundantly, but only at one locality on Canadaigua
Lake. Dyoidophragma polymorphum and Leptotry-
pella asterica are very rare in the Portland Point and
are not important stratigraphically in that member.

Kashong member of Cooper (1930).—The Kashong
member is composed of shale, mudstone, and limestone
and extends from the Cayuga Lake region westward
into the Depew quadrangle. The type locality is on
Kashong Creek where the unit is 24 feet thick (Cooper,
1930, p. 231). The lower 15 feet of the Kashong here
consists of hard, limy fossiliferous layers averaging
1 inch in thickness alternating with relatively unfos-
siliferous mudstone and shale beds ranging from 3
inches to more than 1 foot in thickness. Overlying
the 15-foot basal zone is a zone of large calcareous
pyrite-bearing concretions in a shale matrix. Fos-
sils are rare in this zone. The concretion zone is
overlain by resistant hard homogeneous, impure lime-
stone beds containing few fossils, interbedded with
fossiliferous shale and mudstone averaging 1 foot in
thickness. The limestone beds range in thickness from
2 inches to more than 1 foot. The fossils in the shale
and mudstone beds are concentrated in thin layers.
West of the Genesee Valley the Kashong loses most
of the thin fossiliferous layers and consists of homo-
geneous mudstone yielding few fossils.

Leptotrypella asterica is the most abundant and
characteristic species in the Kashong member. The
species is very rare below this member although its
range extends down to the Wanakah shale member.
The other stratigraphically important species is Atac-
totoechus cartus pilatus that is known only from the
Kashong and is common and geographically wide-
spread. Leptotrypella polita is known from a single
zoarium at the type locality of the member. Two
other species that are abundant in the Kashong,
Dyoidophragma  polymorphum and Loxophragma
lechriwm, are long ranging and common in members
below the Kashong member.

Windom member—The Windom is the shale at the
top of the Hamilton group and its type section is on
Smokes Creek at Windom, in the Buffalo quadrangle.
The member increases in thickness eastward from 50
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feet at the type locality to 120 feet at Cayuga Lake
(Cooper, 1930, p. 232). In the Depew quadrangle the
Windom is a light-gray mudstone or shale containing
few fossils and few thin limy zones. In the Genesee
Valley the Windom is abundantly fossiliferous; the
fossils are concentrated in 1- to 3-inch layers that are
interbedded with relatively unfossiliferous mudstones
averaging 1 foot in thickness. Some thin layers con-
tain comminuted fossil debris, others contain forms
showing little disturbance or mechanical breaking.
This same general lithology persists eastward to Cayu-
ga Lake as the member thickens. Large branching
trepostomes, fistuliporoids, and favositid corals are
abundant at various levels in the upper half of the
Windom in the Cayuga Lake region.

The Windom has a distinctive trepostome fauna
with four species (fig. 3) restricted to the member.
Of these, Leptotrypella furcata and Atactotoechus
fruticosus occur abundantly between the Genesee Val-
ley and Cayuga Lake. Leioclema elasmaticum is
fairly common from the Genesee Valley to Seneca
Lake and Atactotoechus hystricosus is known only
from - the Windom member at Owasco Lake. The
remaining species known in the Windom are not
common in the member and are also found in other
members in the Hamilton group.

PALEOECOLOGY
BRYOZOA AND ENVIRONMENTS

Bryozoa are considered to be potentially useful in-
dicators of physical environment owing to the varied
growth habits of the colonies and the observed en-
vironmental significance of comparable growth habits
in living species. L. W, Stach (1935, 1937) studied
zoarial forms of living Bryozoa with reference to dif-
ferent environments and separated them into “(a)
stable forms and (b) unstable forms” (Stach, 1937,
p. 80). Zoaria in the first group are incapable of
modifying their growth form, regardless of environ-
ment or changes in environment. “The stable zoarium
therefore cannot adjust itself to or survive adverse
environmental conditions, and is consequently re-
stricted to definite habitats.” The unstable types are
capable of modifying their zoarial growth habit in
response to the environment. For example, a species
that is normally ramose (“vinculariform”) and verti-
cally elongated in quiet waters becomes incrusting
(“membraniporiform”) in strongly agitated waters
(Stach, 1937, p. 82).

The developing zoarium of a species with an unstable zoarial
form apparently has a tendency to assume an erect slender

form which, in quiet water, will enable it to extend through
a greater volume of water from which to obtain food. When

the larva of such a form is carried into a zone where the
motion of the water is strong, the uncalcified growing points
are unable to assume an erect position and are kept flattened
to the substratum, and are thus forced to assume a mem-
braniporiform habit, the continual movement of the water
ensuring adequate food supply and aeration.

The principle of stable and unstable growth forms
for bryozoan species appears to be valid in the Hamil-
ton trepostomes, since some species show two growth
habits in the same zoarium and in different zoaria and
other species display constant growth forms. Species
with unstable growth habits include: ZLeioclema con-
fertiporum (pl. 3) with incrusting and subramose
habits in separate zoaria; Leptotrypella multitecta
(pls. 7, 8), L. furcata (pl. 11), L. amplectens (pl. 12,
figs. 1-5), Atactotoechus acritus (pl. 17, figs. 1-5), and
Loxzophragma lechrium (pl. 22) all exhibiting incrust-
ing and ramose growth habits in the same and separate
zoaria. Until proved otherwise, however, most of the .
Hamilton species must be considered as stable species
existing in a constant growth habit.

The possible application of the stable and unstable
concept of colonial growth habit of bryozoans to paleo-
ecology requires considerably more data than are now
available. The incrusting mode of growth in itself
has little significance, for incrusting species belonging
to stable groups can occur in both quiet and rough
water. But the absence of vertically extended branch-
ing zoaria in addition to the dominance of incrusting
forms would be suggestive of a rough-water environ-
ment. The coral-bearing limestone facies of the Ham-
ilton group (p. 9) is an example. If the incrusting
forms belonged to unstable species that were also
known to be branching, their occurrence in the absence
of ramose forms would suggest rough water more
strongly. The occurrence of branching forms, espe-
cially branching forms of species known to be of the
unstable group, would suggest a relatively quiet water
environment. The more robust branching colonies
would have greater physical strength to resist rough
water and would be a weaker argument for absolutely
quiet water. If both ramose and incrusting growth
habits of unstable species occur together, it could mean
that the environment alternated between water quiet
enough for branching growth and rough enough to
require incrusting growth. The calcareous mudstone
facies of the Hamilton group (p. 10) contains ramose
forms of species that are found in minor numbers in
incrusting growth habits. Such occurrences, with
other types of evidence such as the general lack of
transportation of fragments of the colonies after death,
suggest a generally quiet water environment with
minor areas or times of rougher water.
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LITHQFACIES AND BRYOZOAN FAUNAS OF THE
HAMILTON GROUP

The general distribution of bryozoan faunas of the
Hamilton group is closely correlated with lithofacies
(rock types). Stratigraphic application of these
faunas requires recognition of at least the major en-
vironments and their geographic and inferred time
relationships.

In the outcrop area of the Hamilton group between
Lake Erie and Cayuga Lake are five major lithofacies,
each with a characteristic fauna. Both vertical and
horizontal transitions between lithofacies and their
associated faunas are common within the members of
the formations in the Hamilton group. Trepostomat-
ous bryozoans have not been found in two of the litho-
facies, occur in small numbers in two others, and are
abundant in the fifth.

Dark shale facies.—This facies is characterized by
black to medium-gray well-bedded shale. No trepos-
tomes have been found. The dark shale fauna is
meager, and the number of species is restricted. It
has been called the “Marcellus” or “Letorhynchus”
fauna by Cleland (1903) and Cooper (1930). The
typical “Leiorhynchus” fauna listed by Cleland (1903,
p. 23) includes Ledorhynchus, Chonetes, Orbicu-
loidea, Strophalosia, Lunulicardium, Nuculites, Nu-
cula, Styliolina, Tentaculites, and Phacops.

The dark shale facies is best developed in the Mar-
cellus shale, the Levanna shale (of Cooper, 1930) of
the Skaneateles shale, and the Ledyard member (of
Cooper, 1930) of the Ludlowville shale. The most
extreme development of the dark shale facies is found
in the Marcellus. This formation normally is a dark-
gray to black shale that is fissile and commonly devel-
ops platy bedding cleavage. The Ledyard member of
the Ludlowville is black and fissile in the Cayuga Lake
region and gradually becomes lighter in color and less
well bedded to the west.

The black shale facies with its restricted fauna is
ordinarily interpreted to indicate unfavorable environ-
mental conditions for normal marine assemblages.
The general makeup of the fauna suggests a poorly
aerated, possibly brackish water environment. Stylio-
lina and Tentaculites (Wells, 1947, p. 123, 124) might
be considered planktonic forms living in the surface
waters. The remainder of the fauna was benthonic,
living on and in black, organic, oxygen poor muds.

Sandstone facies—Sandstones are rare in the Hamil-
ton group between Lake Erie and Cayuga Lake, but
more common eastward. The trepostomatus Bryozoa
do not occur in the sandy beds and thus are generally
rare east of Cayuga Lake. The fauna of the sand-
stones is characterized by an increase in the number of

pelecypods and a relative decrease in the number of
brachiopods as compared with the siltstone and cal-
careous mudstone facies to the west.

Siltstone facies—The siltstone facies might be con-
sidered to represent a transitional environment be-
tween the optimum environment of the calcareous
shale and apparently inhospitable environment of the
sandstone. Cooper’s King Ferry shale member of the
Ludlowville is a typical representative of this litho-
facies in the Cayuga Lake region. The trepostomes of
the siltstone facies are few. Of the 15 species occur-
ring in the Wanakah shale member as used by Buehler
and Tesmer, Tichenor limestone member, and Deep
Run member of Cooper, the westward equivalents of
the King Ferry, only 6 occur in the siltstones of the
King Ferry. One species, Atactotoechus parallelus is
known only from the King Ferry member but is very
rare.

The lack of trepostomes in the sandstone facies and
their restricted occurrence in the siltstone facies is at
least in part due to lack of adequate substrate for
attachment of the zoaria. Duncan (1957, p. 784)
states that—
shifting sands and muddy bottoms without admixture of
larger debris are not suitable for fixation of most larvae
* * * The general absence of bryozoans in most marine sand-
stone and some shale is attributable in large part to lack of
objects for attachment.

Coral-bearing limestone facies.—The limestone facies
is typically developed in the Centerfield limestone and
Tichenor limestoné members of the Ludlowville shale.
The limestones are largely of organic origin, display-
ing large colonies of Favosites, large solitary corals
such as Heliophyllum and Cystiphyllum, incrusting
fistuliporoid Bryozoa, and many species of well-pre-
served brachiopods. This fauna of relatively large,
massive specimens is surrounded by a clastic limestone
matrix consisting of crinoid columnals and the broken
debris of fenestellid bryozoans and other fragile fossils.

Trepostomatous Bryozoa are very rare in the lime-
stone beds and gradually increase in numbers as the
limestone becomes more shaley and approaches the
composition of a calcareous shale or mudstone. Tre-
postomes occur in the shale partings in the limestone
members. Examples of transitions to normal calcare-
ous shales are common both vertically and horizon-
tally. As the Centerfield becomes more impure and
muddy eastward in the Finger Lakes region (p. 3),
the trepostomes increase in number. 7Trachytoechus
variacellus and Polycylindricus *clausus are few in
number west of the Finger Lakes region but occur
abundantly at Cayuga Lake. The fauna of the basal

mudstone and shale in the Tichenor shows a gradual
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vertical change from the fauna of brachiopods and
ramose trepostomes of the underlying Wanakah to the
fauna of corals and incrusting fistuliporoid bryozoans
of the Tichenor.

The coral-bearing limestone facies seems to represent
a shallow, rough-water environment. The comminuted
debris of the more fragile elements of the fauna, the
massiveness and apparent physical strength of the well
preserved forms, and the predominance of low, in-
crusting fistuliporoid Bryozoa over ramose trepostomes
all support this interpretation.

Calcareous mudstone facies—Optimum environmen-
tal conditions for trepostome development were af-
forded by the light-gray calcareous mudstones and
shales of the Hamilton group. Sediments of the mud-
stone facies that contain abundant macrofossils are
characteristically an alternation of 1- to 3-inch beds of
concentrated fossil material and 1 foot beds of unfos-
siliferous shale or mudstone. Individual unfossilifer-
ous zones have a considerable range in thickness and a
few fossiliferous concentrations develop 1-foot thick-
nesses in discontinuous lenses. Some of the thin fos-
siliferous beds consist of comminuted fossil debris,
others contain whole specimens showing little sign of
wear or transportation. Also within the calcareous
mudstone facies are relatively large thicknesses of
homogeneous mudstone and shale that contain few
macrofossils.

The Wanakah shale member consists of calcareous
shale and mudstone throughout. The important faunal
zones in the Wanakah—such as the Strophalosia zone,
the Pleurodictyum zone, the trilobite zones, and the
Stropheodonta demissa zone—are all examples of the
thin beds of concentrated fossil material. The inter-
vening thicknesses of the Wanakah member generally
consist of the homogeneous shales and mudstones
showing few fossils. From the Genesee Valley region
to Seneca Lake, Cooper’s Kashong member and the
Windom member of the Moscow shale are charac-
terized throughout their thicknesses by the alternating
thin fossil beds and. unfossiliferous shales. The Win-
dom member extends eastward to Cayuga Lake dis-
playing similar alternations and abundant macro-
faunas.

In all occurrences of ramose trepostomes found in
place in the sediments of the mudstone facies the
broken pieces of the branches are in zoarial groupings.
Most commonly the fragments occur in lense-shaped
or irregular masses as if the zoaria were compressed
by the weight and compaction of the sediments with-
out otherwise being moved from their living position.
A few zoaria are oriented either perpendicularly or
parallel to the bedding without any differential move-

ment of the constituent fragments. Most zoaria seem
to have originated in the thin fossiliferous beds. Very
rarely a zoarium can be followed vertically from one
thin fossiliferous bed, through an unfossiliferous mud-
stone, and into the superjacent fossil concentration.

The fauna that is characteristically associated with
the trepostomes in the calcareous mudstone facies in-
cludes a number of brachiopods. Especially common
are spirifers, Athyris spiriferoides (Eaton) and species
of Stropheodonta. Small horn corals, species of the
small colonial coral Pleurodictyum, the ramose favosi-
tid genus 7rachypora, and a few auloporoid corals
are commonly associated with the trepostomes.

“John L. Rich (1951) suggested two slightly dif-
ferent hypotheses for the origin of the thin limy
fossiliferous beds and the interbedded unfossiliferous
mudstones. If a slight difference in depth is as-
sumed between the depositional surface and wave base
the deposits could have been affected by wave action
during storms. The temporary lowering of wave base
would have winnowed the mixture of mud and bottom
life placing at least the finer muds into suspension.
As a result a concentrate of benthonic life would be
left on the bottom. After storms the fine muds settled
again forming a relatively unfossiliferous layer rest-
ing on the thin fossiliferous zone (Rich, 1951, p. 5).

The alternative origin (Rich, 1951, p. 18) seems
more plausible when applied to the thin zones that
contain relatively unbroken fossils and ramose colonies
in growing position. Lag concentrates might have
formed (Rich, 1951, p. 13) consisting of “* * * fossil
shells * * * concentrated locally as a result of con-
temporaneous nondeposition of the finer sediments in
which they would normally have been bedded.” Thus,
abundant benthonic communities would be formed
during periods of bypassing of terrigenous muds
under normal but variable current or wave action.

Whatever the mode of origin, physical conditions
were repeated many times during deposition of the
shales of the Ludlowville and Moscow formations.
Wave or current action was not generally strong
enough to prevent growth of branching colonies or to
transport the colonies after their death. The colonies
were robust enough, however, and possessed of enough
strength so that some current or wave action cannot
be completely ruled out. It is not uncommon to see
more fragile shells badly broken in the matrix sur-
rounding a nearly complete branching zoarium.

In thicker beds of shale and mudstone that do not
contain the thin limy zones, the fauna appears to be
scarce. The scarcity of fossils in the homogenous
shales may be real or merely reflect the difficulty of
finding the specimens that could be scattered evenly
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through the rock. In either case, deposition of muds
seems to have been too rapid and continuous to allow
benthonic faunas to form coquinoid concentrations.

TIME AND STRATIGRAPHIC RELATIONS

Several of the lithologic and faunal features of the
rocks of the Hamilton group suggest a means of re-
lating the rocks within the group to their relative
time of deposition. If correctly interpreted, such
time relationships are extremely useful in the taxo-
nomic evaluation of morphologic characteristics that
would otherwise be difficult to understand.

The Hamilton group contains several extremely
thin beds, measured in inches, characterized by coqui-
noid concentrations of one to several species that can
be traced for many miles along the outcrop (p. 10).
Examples include the Strophalosia beds (Cooper,
1930, p. 225) at the base of the Wanakah member that
can be traced from Lake Erie to the Genesee Valley
area, and the trilobite beds (Cooper, 1930, p. 225) that
are traceable from Lake Erie to Canandaigua Lake.

Distinctive lithologic units are a second feature of
the Hamilton group and are also widespread geo-
graphically. Examples are the Centerfield limestone
member of the Ludlowville that extends from the
Depew quadrangle to Canandaigua Lake with little
lithologic change. The Tichenor limestone member of
the Ludlowville and the Menteth limestone member of
the Moscow shale have essentially the same lithology
over comparable areas. The nodular zone near the
top of Cooper’s Kashong member of the Moscow in
the Finger Lakes region is another widespread litho-
logic zone. These lithologic units are generally strati-
graphically parallel to the thin coquinoid beds men-
tioned in the preceding paragraph.

Superimposed on the pattern of the widespread litho-
logic units of the Hamilton rocks are the zonules,
locally recognizable biostratigraphic units, based upon
morphologically distinct species of trepostomatous
Bryozoa. These zonules are widespread geographically
and are parallel to the thin lithologic units and the
coquinoid beds of the preceding paragraphs. Further,
these zonules are wholly contained within individual
named members of formations of the Hamilton group.
Examples of easily identifiable species on which zonules
arve based include: 7rachytoechus wariacellus, found
only in the Centerfield limestone member of the Lud-
lowville (the only species of 7rachytoechus in the
Hamilton group) ; Polycylindricus asphinctus, occur-
ring in the Wanakah shale member as used by Buehler
and Tesmer from Lake Erie to the Genesee Valley
area and easily distinguished by the lack of an internal
cylinder (p. 68) ; Leptotrypella asterica, the dominant

bryozoan species in the Kashong member of the Mos-
cow shale that occurs very rarely in the Ludlowville
shale below (three Ludlowville specimens identified) ;
Leptotrypella furcata and Atactotoechus fruticosus,
two species with easily recognized morphologic char-
acteristics that are known only from the Windom
member of the Moscow shale. L. furcata occurs
throughout the thickness of the Windom and is found
abundantly from the Attica quadrangle to Owasco
Lake. A. fruticosus occurs between the Genesee Val-
ley and Cayuga Lake.

In addition to the morphologically distinct group of
species for which zonules are named, several genera
show morphologic trends that are considered to be
evolutionary in origin. The same stage of evolution,
morphologically defined, in any one lineage, occurs at
the same stratigraphic position, as defined by the
marker beds and by the zonules of distinctive species.

As a result of the noted alinement, marker beds,
zonules, and evolutionary stages are considered to be
isochronous throughout the area studied. Therefore,
the named stratigraphic members defined primarily on
marker beds are considered to be parallel to time lines.

If it were possible to assume fairly constant rates of
speciation for the bryozoan lineages discussed in this
paper, a rough estimate could be made of the relative
amounts of time represented by the members and the
periods of nondeposition between the members. Such
an estimate would indicate that considerably more time
elapsed between the Kashong and Windom members
with their distinct faunal differences than between the
Centerfield and Ledyard members or between the
Ledyard and Wanakah members, both showing only
subspecific differences in two genera. Also, there is a
strong indication that less time is represented by the
preserved sediments than the intervals of nondeposi-
tion in the Hamilton group. TUnfortunately, the
assumption that time is uniformly proportional to
morphologic change in phylogenetic lineages probably
is not defendable when applied to a problem in such
detail.

The paleogeographic setting for the Hamilton de-
posits would no doubt clarify and explain many fac-
tors in the time and stratigraphic relationships of the
beds. Data on the location of the margin of the basin
of deposition nearest the western and central New
York area would be of considerable help. TUnfor-
tunately, the writer knows of no acceptable evidence
establishing the position or positions of such a strand-
line. Grabau (1917, p. 950) inferred the Buffalo axis,
running through the Lake Erie region in a generally
northeast direction, to explain the westward thinning
of the Hamilton group and superjacent Tully lime-
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stone in New York. There is no evidence, however,
that this axis was subaerial and formed a land barrier
between the New York and Ontario basins.

The paleogeographic map of the Skaneateles, Lud-
lowville, and Moscow formations (Schuchert, 1955,
map 36) shows the northern boundary of the Hamilton
basin to be generally parallel to the present east-west
outcrop of the Hamilton in western and central New
York. Such a northern boundary was also suggested
by G. A. Cooper (oral communication, 1954) to ac-
count at least partly for the nature of the Hamilton
rocks and their inferred relations to time. Thus the
thin coquinoid layers, the distinctive lithologic units,
and the parallel zonules would have their east-west
distribution controlled by elongated east-west belts of
similar environment that were controlled in turn by
distance from the hypothetical northern shoreline. If
the belts of similar environment were wide enough in
the north-south direction, embayments causing north-
south indentations of the standline and generally par-
allel shifting of benthonic environments would not be
important enough to mask the general east-west con-
tinuity of the thin and distinctive sediments. The
northern emergent area would be low lying, contribut-
ing small amounts of terrigenous material to the basin,
in contrast to higher lands in the emergent area east
of the present Hamilton outcrops that contributed
more and coarser clastics, as reflected in the Hamilton
rocks of eastern New York.

Another plausible hypothesis for the paleogeo-
graphic setting of the, Hamilton would place the west-
ern and central New York region in the center of the
basin without shoreline control. The rocks now ex-
posed in outcrops could have been part of the deposits
of a large equidimensional area of generally equal
benthonic environment during any one period of time.
Subsurface investigation could yield information that
would effectively test this hypothesis.

EVOLUTION

Species of the trepostomatous Bryozoa of the Ham-
ilton group can be divided into two groups according
to their morphologic distinctness and observable phy-
logenetic relationships. One group of species shows
no taxonomically important morphologic change in
time or space and is easily recognizable. A second
group of species demonstrates transitional morpho-
logic changes or trends in time and space that are
considered to be of taxonomic value. This second
group of species, plus a limited number of the mor-
phologically distinct species that contain comparable
morphologic features, have been arranged into in-
ferred: phylogenetic lineages (see Leptotrypella, p.
52, 63, figs. 23-24; Atactotoechus, p. 70, figs. 25, 26;

o

and Lozophragma, p. 79, fig. 27; for more detailed
discussions).

The morphologically distinct species are strati-
graphically short or long ranging. The easily recog-
nized species of restricted stratigraphic range are
ideally suited for the establishment of zonules (see p.
11). Species that are long ranging include Dyoido-
phragma polymorphum, occurring from the Center-
field limestone member of the Ludlowville to the Win-
dom member of the Moscow; ZLeioclema decipiens,
ranging from the Wanakah shale member of the Lud-
lowville to the Kashong member of the Moscow; and
Leptotrypella magniporta, ranging from the Wanakah
to the Windom member of the Moscow shale at the
top of the Hamilton group.

Species of the group containing transitional forms
are short or long ranging in time and develop recog-
nizable morphologic changes considered to be of taxo-
nomic value within the time of the Tioughnioga stage
of Cooper. These gradual morphologic changes with
time permit the recognition of phylogenetic lineages.
Species and subspecies of a phylogenetic lineage gen-
erally are difficult to recognize because of a few transi-
tional forms. In this paper the placing of morpho-
logically transitional zoaria into taxons is based on
the essentially isochronous nature of each member of
the Hamilton group. A group of zoaria from a mem-
ber that shows variation about a central tendency and
morphologic characteristics that are transitional with
taxons in adjacent members, is considered an inter-
breeding complex and a single taxon in a restricted
interval of time. Therefore, a species or subspecies
contains the zoaria of the plexus or phylogenetic line-
age that are closely related in time as well as in mor-
phology.

The grouping of the zoaria of a phylogenetic line-
age into species and subspecies partly on the basis of
occurrence in time and statigraphic units in the Ham-
ilton .group results in some morphologic overlap be-

"tween taxons if evolution is slow relative to the verti-

cal representation of the available fossil record.

The alternative solution to the treatment of mor-
phologically transitional or overlapping forms from
several superimposed zones would be the differentiat-
ing of species wholly on morphology, resulting neces-
sarily in arbitrary morphologic boundaries for taxons
without regard for time and stratigraphic relation-
ships. It is believed that consideration of time and
stratigraphic occurrences and the recogition of pos-
sible phylogenetic lineages as indicated by morpho-
logic trends is the more natural and statigraphically
useful basis for the solution of otherwise confusing
taxonomic problems.
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FI1GURE 4.—Time-space diagram of the occurrence of the genus Leptotrypella in the Hamilton group of New York. The members of the Ludlow-
ville and Moscow formations are arranged relative to their inferred time and geographic position (modified from: Cooper and others, 1942) ;
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(Leptotrypella) that are discussed phylogenetically in this paper.

TIME AND SPACE RELATIONS OF LINEAGES

Figures 4 and 5.depict the inferred time and space
relations of some of the species involved in phylo-
genetic lineages. A polygon is drawn about the outer-
most points of occurrence of collections that are lo-
cated by plotting their inferred time, taken from
stratigraphic data, against their known geographic
position. The geographic positions can be fairly
accurately represented in the plane of the chart be-
cause of the fortuitously linear configuration of the
outcropping area of the Hamilton rocks.

Two species showing overlapping areas on such a
time-space chart, are potentially sympatric in occur-
rence during the time and in the region represented
by the overlap. Unfortunately, an overlap obtained
on such a basis does not definitely demonstrate a sym-
patric relationship. The large polygon representing
A. acritus in fig. 5 no doubt has little reality in indi-
cating the actual occurrence of the species in time and

space within the outcrop area. The collections them-
selves give a minimum representation of the occur-
rence of a species. Expansions and contractions of
east-west geographic occurrence with time could very
well have occurred, giving the eastern and western
margins of the polygons many fluctuations. There
could have been geographic areas of nonoccurrence in
the outcrop belt during any time unit. In addition,
migrations completely out of the outcrop area and
back again were possible during the time unit repre-
sented by the surviving sediments. Sympatric exist-
ence is indicated only when two species are commonly
found in the same beds over a considerable area.

The range chart (p. 16) shows that Letoclema con-
fertiporum and L. decipiens occur together in two
geographically widely separated collections in the
Wanakah shale member of the Ludlowville, indicating
that the species were probably sympatric. Lack of
morphologically transitional specimens precludes plac-
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ing these two species in a single species. Leptotrypella
multitecta, L. amplectens, and L. magniporta occur
together in 1 locality in the Wanakah member, and
L. multitecta occurs in 2 other collections with L.
magniporta and in 3 other collections with L. amplec-
tens. There is no morphologic evidence of phylo-
genetic connections between the 3 species, and the
environmental niche of L. amplectens was certainly
highly specialized (p. 61) and different from the
other 2 species. Leptotrypella asterica occurs in 2
collections with L. multitecta, 1 collection from the
Wanakah member of the Ludlowville, the other from
the partly equivalent King Ferry member, so these 2
species may well have been sympatric before L. as-
terica. became prolific in the Kashong member of the
Moscow. The few other instances of any 2 species of
the same genus in the same collection are single occur-
rences and their possible sympatric relationships can-
not therefore be demonstrated.

On the basis of known occurrence, the bryozoan
fauna of the Ledyard member of the Ludlowville was
geographically restricted within the Hamilton area to

the White Creek locality, represented in figure 4, by
the pattern for L. mesostena provecta. Atactotoechus
acritus also occurs in the Ledyard at that locality so
the polygon for A. acritus in figure 5 might better be
indented to that single locality at the level of the
Ledyard member. The generally unfavorable environ-
ment of the Ledyard sediments (p. 9) and resulting
geographic restriction is accompanied by recognizable
morphologic changes in several lineages. Conceivably,
the generally unfavorable environment could have
started the evolutionary trends recorded in the single
White Creek collection and continued in the subse-
quent Wanakah deposits. Besides the intermediate
subspecies Leptotrypella mesostena- provecta (p. 56),
the Atactotoechus cartus lineage probably started in
the Ledyard (p. 70) and the Loxophragma leptum-L.
lechrium lineage contains intermediate zoaria from the
Ledyard member (p. 79).

The time-space diagram of Leptotrypella (fig. 4)
and Atactotoechus (fig. 5) suggests a certain amount
of geographic localization of speciation within the
trepostomes (see also p. 81). All four of the species
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of the subgenus L. (Pycnobasis) are limited geo-
graphically to the Finger Lakes region. L. (Lepto-
trypella) asterica first appeared in the King Ferry
member of the Ludlowville at Cayuga Lake and
spread westward out of the Finger Lakes area during
the deposition of the Kashong member of the Moscow,
where it became abundant. Atactotoechus parallelus
and 4. hystricosus ave limited geographically to the
Cayuga and Owasco Lake areas.

An explanation for the apparent geographic re-
strictions of these morphologically distinct forms is
suggested by the proximity of the eastern limit of the
occurrence of the trepostome fauna. The amount of
silt and sand in the sediments increases very gradually
in the Finger Lakes area and extends eastward, be-
coming the dominant lithology. No doubt the influx
of silt and sand was effective in limiting the eastward
occurrence of trepostomes and could have produced
an eastward-changing environment within the Finger
Lakes region that influenced speciation.

The changing environment of the Finger Lakes area
was not unfavorable to several species of trepostomes
that grew abundantly there in Tioughnioga time.
Trachytoechus variacellus and Polycylindricus clausus

are abundant in the Centerfield limestone member at.

Cayuga Lake, Leptotrypella multitecta is fairly com-
mon in the siltstones of the King Ferry member at
Cayuga Lake, and Leptotrypella furcata and Atacto-

toechus fruticosus are abundant in the Windom mem-

ber in the Finger Lakes area as well as further west.
As might be expected, different lineages and species
had difterent ecological requirements and tolerances.

MORPHOLOGIC TRENDS OF LINEAGES

Size increase in phyletic lineages has been cited as
a common evolutionary trend (Newell, 1949). In-
ferred phylogenetic lineages of three genera, Lepto-
trypella, Atactotoechus, and Loxophragma, reveal a
common tendency to progressive increase in size of
the branches and lengths of the zooecia. Species of
the three genera in the oldest member, the Centerfield
limestone member of the Ludlowville, display branches
relatively small in diameter and zooecia that contain
relatively small maximum numbers of diaphragms in
correspondingly narrow ephebic zones. Stratigraphi-
cally higher in the section the zoarial branches gen-
erally increase in diameter within individual lineages.

The increase in total diameter is largely a result of
an increase in the diameters of the neanic zones that
in turn are controlled by the number of zooecia in the
branches. In addition to the increase in the diameters
of the neanic zones, the ephebic zones show a general
increase in their maximum widths and the maximum
numbers of diaphragms. These general size increases
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are conveniently expressed in the axial ratio—the ratio
of the neanic diameter to the total diameter. Since
the increase of the neanic diameter is proportionally
greater than the ephebic width increase in the lineages,
and the total branch diameter consists of the ephebic
width plus the neanic diameter, the axial ratios be-
came larger with time. The axial ratio is still more
useful if plotted against the corresponding number of
zooecial diaphragms, a measure of the growth stage of
the individuals in a colony, to form scatter diagrams.

The Leptotrypella mesostena-multitecta lineage (p.
52) demonstrates such a size increase. Figure 24
shows the maximum number of diaphragms of L.
mesostena to be 7, the maximum number of diaphragms
for L. multitecta is 12. The shift to the left in the
diagram of the plotted points from L. mesostena to
L. multitecta reflects the size increase in the lineage.
Parallel increases occur in the L. mesostena-L. amphe-
licta lineage (p. 63) and the Lozophragma leptum-L.
lechrium lineage (p. 79, fig. 27). The same shift to
the left of the axial ratios is revealed in figure 26 for
the Atactotoechus acritus-A. hystricosus lineage. How-
ever, the intervening species, A. parallelus developed a
slightly higher number of diaphragms than the species
from the Windom so the gradual increase in the maxi-
mum number of diaphragms with time is not strictly
followed in this lineage, according to the data pres-
ently available.

Some of the morphologic characters developed in
species of Leptotrypella (Pycnobasis) (p. 62) ap-
proach characters typically found in Atactotoechus
(p. 69) and Lowophragma (p. 78), two genera that
probably belong in a different family. The compound
structure and the configuration of the diaphragms
that appear in L. (Pycnobasis) are considered an ex-
ample of parallel evolution. Aside from this simi-
lavity with the diaphragms of Atactotoechus and
Loxophragma there are no morphologic characteristics
to indicate possible phylogenetic connections between
the subgenus L. (Pycnobasis) and the two atactotoe-
chid genera.

COMPARISON OF TREPOSTOMATA FROM HAMILTON
AND TRAVERSE GROUPS

The only Middle Devonian trepostome fauna thor-
oughly studied using thin sections is that of the
Traverse group of Michigan (Duncan, 1939). The
New York and Michigan faunas are so different in
named species that little or no detailed stratigraphic
correlations can presently be established between the
two areas on the basis of comparable assemblages.
The lack of species common to the two stratigraphic
groups is no doubt explained in large part by differing
age. The Devonian correlation chart (Cooper, 1942)



16

TREPOSTOMATOUS BRYOZOA, HAMILTON GROUP

g
2
2
& g
<l g & &
g “ EiS :
Q| = 'E 71 = o] 8
5 =1 8l & ; gl |8 &8
‘& Q . @l . % 8 NEI =]
. . . § S| g =% ] | . E = 2| @ .
Stratigraphic unit ol e @ S &) - al g) & ° 42 ] L] a
m|e — g 2] & e
Locality (member of Ludlow- g gl= S S|E| & . @ =1 g g S5 82
Collection | number | ville shale and Moscow |Q § ‘g éﬁ' g £ § E ] & |l e g @l oM %5 nEIEE
! ] = . <) Iy . N =] o
o?ﬂgr'nea;p shale, 1a.i%r.sl‘%own on §»§ s E g z K ﬁ:' g ?g ég :~:§ o §-§'§ gg
] 8/.8 2= [2|elEl8 |80 IR
SRR
438|530 E] |3 5]5IEI(8I8| 8] 2 Tl & 51| 518 5| 5| &
31518 %5 518 81 5212 2| 1| ool 52| Bl 2| &L 5| ElE( 5
§15| 5] 23] 3l s| ol 3| SIRIZ| 553 5T] 2 SR | 5|5 8| 2
gg’&.8§‘5.§§§w363‘3&8'&3@':”30&30
SR A R HEHERHERE R RN EHNEHERE R
HEHHEEHEEEHEEEEERR A EEEHEHEEELE
33| 8RS 28| 3| 5| §| 8|S 5| 85| &3] & B35 8/ 8|82
518138 SR S8
DB S)os | © 53 -~
SISISIEN SHSHN Rl
(20) 30 | Upper Wanakah X
(35) 19 | Kashong X
(52) 16 | Windom X
250B 9 | Tichenor X
260C 1 | Tichenor
1006 14 | Centerfield X
1011 18 | Upper Wanakah X
(39), 3500 22 | Kashong X X X X
3501 24 | Kashong . X X
1017, 3502 3 | Wanakah-P X| T|X|X XX X X
275A, 3503 17 | Centerfield X X X T X | X
3506 2 | Wanakah-P X X
3508 12 | Kashong X
280, 3509 6 | Wanakah-d X
1015, 3511 4 | Wanakah-d X X X
1014, 3512 8 | Wanakah—d X
3513 15 | Wanakah-P
3514 6 | Wanakah—d X
3515 7 | Wanakah-P X X X X X
3516 9 | Wanakah-P X X X X X
3518, 3519 10 | Upper Wanakah X X X X
3524 11 | Wanakah-P X T T
3526 13 | Wanakah-P X X
3528 15 | Centerfield X
277A, 3528a 15 | Kashong X
3529 15 | Centerfield X
3531 16 | Kashong X . X
3532 16 | Wanakah-d X
3534 18 | Upper Wanakah
3539 20 | Centerfield X
3541 20 | Ledyard T XX
3542 19 | Kashong X X
3543 25 | Kashong T X
3545 21 | Upper Wanakah X
3547 26 | Wanakah-P
3547a, 26 | Centerfield X
3548 23 | Windom X X X
3551 27 | Portland Point X X T
3552 27 | Kashong X X X X T
3553 27 | Windom Xt X X T
3555 28 | Wanakah-P X
3555a 28 | Deep Run X
3556 28 | Kashong X
3558 32 | Kashong X X X X T X
3558a 32 | Wanakah X XX T
3559 32 | Windom X T T XX
3561 31 | Centerfield X T
3562 41 | Windom

fruticosus (Hall)
Lozophragma leptum Boardman, n. sp.

lechrium Boardman, n. sp.

XX

XXX XXXXXX X X X

X

XX




EVOLUTION 17
g
8
=l
w2
& ol .
£l g gl & &
& @ g£|o .
3| el 3 = A .
gl S| . . = [« % 7 %
<IBI& | |. e & 215183 p
s 2 1 I e @ .
Stratigraphic unit 8 < E @ | 18 3 g, &gl = B =% el ald |2l
Locality| (member of Ludlow- |57} &|z| | €8] |S|E|&] 4 A0 2l gl 18] <l & 5] =] 3| &
. - . gl o|= s 2| B .| & IR R gl gl o & 2| € gl«
Collection | number | ville shale and Moscow |AQ|§ 2|3 =l HEEE I alR 15| €85 |5
on map shale, as shown on al2|TEL (SIS |83 2 115l €l @] | 2| Bl 2{E] 2| £ 2| =
(fig. 6) fig. 2) HEEMNEBEHENEER ’:‘ES;,;:'%“SE'E%E I
L5 3
S R I T = P R B e ot PR
S HREE N HE IR EREERE EEREEE R
RN EE N R R R EEE EE EEE
w| 858 | g3 2 g Q |2 KRR Ml st et 3|33 217
©| 8| & ‘5 ol S| 2| @ MRS EIEIRTES o1 S|Mm 5= fé: Sl @2
2l 83| 2|S 333§ 183 (<=| sl S 2138|8588
3| 8| & 3. -ﬁﬁﬁ&gcdgg'ﬁg-“ 5 8|S 3| &gl 3
SR HEEEEHEHEE R SRR N RE
HEHHEEEREREEEREREHBEEEHEEEREREERERE
§3§§%3§53S53§553&§a§3§9ga§§§£
{G Q= S S| a ~ S
SSEEREEEE Sk K
3563 42 | Portland Point X
3564 42 | King Ferry T X T X
3565 5 | Wanakah-P X X X X|T X X
3567 42 | Windom X
3569 40 | Windom X X
3570 43 | Windom X T
3571 36 | Centerfield X X XX
3572 36 | King Ferry X[ X
3575 37 | Windom X X X
3579 38 | Windom X X
3581 34 | King Ferry X
3582 33 | King Ferry X T
3585 29 | Windom X X
3586 28 | Tichenor X| T .
3593 35 | Centerfield X X XX
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indicates that the Centerfield limestone and Wanakah
shale members of the Ludlowville shale are the only
trepostome-bearing members of formations in the
Hamilton that have time and rock equivalents in the
Traverse group.

Comparison of the Traverse and Hamilton faunas
at the species level reveals only one species now con-
sidered to be common to both groups. Leioclema de-
cipiens (Hall) is considered to be conspecific with L.
traversense Duncan and L. attenuatwm Duncan (see
p. 47). Unfortunately, L. decipiens is a fairly long
ranging species in the Hamilton group, occurring in
the Wanakah and King Ferry shale members of the
Ludlowville shale and the Kashong member of the
Moscow shale. The holotype of L. ¢traversense comes
from the Norway Point formation, which is correlated
with the Wanakah member, and the holotype of L.
attenuatum comes from the Potter Farm formation,
which is considered. to be slightly younger than the
Windom member at the top of the Hamilton group.

T=type locality.

The lack of trepostome species common to both the
Traverse and Hamilton groups is paralleled by a
similar lack of common species in the brachiopod
fauna (G. A. Cooper, oral communication, 1956).
In addition to different ages for some of the strati-
graphic units of the 2 groups, differences of environ-
ment or partial or complete physical separation of
the 2 basins could have contributed to the faunal
differences.

Measurements (p. 53 and fig. 24) of the holotype
specimen of the species of Leptotrypella described by
Duncan (1939) from the Traverse group of Michigan
give a preliminary indication that branch size defines
stages of evolution that have some time significance
in the Traverse as well as in the Hamilton groups.
All of the Traverse species of Leptotrypella come
from formations now considered equivalent to the New
York Skaneateles shale (Cooper, 1942). The table
(p. 53) indicates that neanic diameters are generally
comparable to those of L. mesostena mesostena, the sub-
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species occurring in the Centerfield limestone member
at the base of the Ludlowville shale, and are noticeably
less than the neanic diameters of specimens from the
younger Ludlowville species. Figure 24 indicates the
older Michigan species generally developed more ad-
vanced growth stages than Centerfield species, but
otherwise developed approximately the same evolu-
tionary level, as expressed by diaphragm-axial ratio
plots.

REGISTER OF LOCALITIES

The following is the list of collection numbers in
numerical order. Opposite each is the appropriate
locality number that appears on the index map ‘(fig.
6). All collections except the first 14 were made by
the writer and the identifying numbers refer to the
Silurian-Devonian catalog of U. S. Geological Survey
collections. TU.S. National Museum collection num-
bers are those marked by asterisks. Collections
marked with one asterisk were made by G. A. Cooper,
those marked with two asterisks were made by A. R.
Loeblich, Jr., and I. G. Reimann.

USNM and Geological Survey No. on USNM and Geological Survey No. on
collection numbers . figure 6 collection numbers figure 6

(20)* .. 30 3534 _ . ___________ 18
(B35)* . 19 3539 _________ 20
(61 R 22 3541 ___ . ____ 20
G* . 16 3542 ____._. 19
250B*_ __ ____________ 9 3543 . ___ 25
260C* . _____________ 1 3545 _ . ___._ 21
275A% ______________ 17 3547 _ .. 26
27TA* . 15 3547a________________ 26
280% ... 6 3548 ____ . ____ 23
1006**_______________ 14 3551__. .. ______._ 27
1001**_______________ 18 3552 _ ... 27
1004**_______________ 8 3553 __ . ____ 27
1016%*_______________ 4 3555 ... 28
1017**_______________ 3 355b8a_ . _.__ 28
3500 .. ____ 22 3556________________. 28
3501 ... 24 3558 ______________ 32
3502 . _____. 3 3b588a_____ .. __.__ 32
3503 . 17 3559 _. .. 32
3505 . _____. 2 3561 ______ 31
3508 . .. 12 3562_____ __ . _____ 41
3509 ________________ 6 3563 __ o aoo-- 42
3511 .. ... 4 3564_________________ 42
3512 _____ 8 3565 __ - 5
3513 ... 15 3567___ ... 42
3514 _ . ______ 6 3569 ___ . _____ 40
3616 ... 7T 8570 .. 43
3516 .. 9 3571 .. 36
3518 _________________ 10 3572 _________________ 36
3619 . 10 3575 37
3524 ________________ 11 3579 38
3626 _____. ) 8- 2

3528 .. 15 898l 84
3528a.________._______ 15 3582 ..o 33
3529 15 3585 . 29
3531 ... 16 3586 ______________ 28
3532 ______ 16 3593 . __.___._ 35

No. on Geological
figure 6 Survey

(map  collection

TREPOSTOMATOUS BRYOZOA, HAMILTON GROUP

Stratigraphic unit
(member of Ludlowville
shale or Moscow shale,

Description

locality  nmumber as shown on fig. 2)
number) .

1 260C Tichenor________ Eighteen Mile Creek, west
of railroad, Eden quad-
rangle, Erie County.

2 3505 Wanakah, Road cut and bare inter-
Pleurodictyum fluvial area between state
zZone. route 75 and Morse Creek,

and just southeast of
railroad underpass.
Morse Creek is just south
of Athol Springs, Buffalo
quadrangle, Erie County.

3 1017, Wanakah, Shale pit between Big Tree

3502 Pleurodictyum Road and first creek
zone. north of Athol Springs,

and just southeast of

railroad, Buffalo quad-

rangle, Erie County. '

4 1015, Wanakah, Railroad cuts paralleling

3511 S. demissa Rush Creek 0.5 mile
zone. north of Big Tree Road,
Buffalo quadrangle, Erie

County.

5 3565 Wanakah, Large quarry just west of
Pleurodictyum railroad tracks and 0.5
zone. mile north of Bay View,

Buffalo quadrangle, Erie

County. -
6 280, Wanakah, South branch of Smoke
3509 S. demissa Creek at Windom, Buf-
zone. falo quadrangle, Erie
County. )

6 3514 Wanakah, Tributary of south branch
S. demissa of Smoke Creek at Win-
zone. dom. Tributary just

north of northeast corner
of Windom. Buffalo
quadrangle, Erie County.

7 3515 Wanakah, South branch .of Smoke
Pleurodictyum Creek, downstream ap-
zone. proximately 0.5 mile from

locality 6.
8 1014, Wanakah, North Branch Smoke Creek,
3512 S. demissa zone. northeast of Windom 1.25
) miles at Berg Road,
Buffalo quadrangle, Erie
County.
9 250B Tichenor________ Cazenovia Creek, at Trans-
3516 Wanakah, it Road bridge, 1.5 miles
Pleurodictyum northwest of Spring
zone. Brook, Depew quadran-
gle, Erie County.
10 3518, Wanakah North flowing tributary of
3519 (Upper). Buffalo Creek between

Bullis Road and rail-
road. Northeast of
Spring Brook, 1.5 miles,
Depew quadrangle, Erie
County.
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FIGURE 6.—Map of western and central New York showing the outcrop location of the Hamilton group, and the collecting localities.

No. on  Qeological Stratigraphic unit No. on  Geological Stratigraphic unit
ﬁémre(i Survey (member of Ludlowville figure 6 Survey (member of Ludlewville
map  collection  shale or Moscow shale, Description (map  collection  shale or Moscow shale, Description
locality  mumber as shown on fig. 2) locality  mumber as shown on fig. £2)
nwmber) number)

11 3524 Wanakah, Pond Brook, a tributary of 14 1006 Centerfield_______ Crooked Creek, 0.5 mile
Pleurodictyum Buffalo Creek. South of south of railroad and 1.25
zone. Elma 0.25 mile, Depew miles west of North Dari-

quadrangle, Erie County. en, Attica quadrangle,

12 3508 Kashong_______._ West flowing tributary of Genesee County.

Cayuga Creek, 1.25 miles 15 3513 Wanakah, Murder Creek; Centerfield

SSE of West Alden, Pleurodictywm outcrops 1.2 miles north

Depew quadrangle, Erie zone. of Darien just west of

County. 3528 Centerfield school, ¥ mile south of

13 3526 Wanakah, Eleven Mile Creek, 1.1 35282, Kashong road .mtersectlon; War.)a-

. . 277A kah is north of Darien
Pleurodictyum miles north of route 20 . .

zone at fork in stream. Elev 0.5 mile, just south of

’ . N m, m. e.en stream intersection with

Mile Creek 15 1.7 miles northwest trending road;

west of Darien Center, Kashong is just south of

Attica quadrangle, Gen- Darien. Attica quad-

esee County. rangle, Genesee County.
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oo CLUM  momber of Trsdiowyitl . furet Cumey (momber of Lasitomeitle »
map  collection  shale or Moscow shale, Deseription map  collection  shale or Moscow shale, Desceriplion

locality  mumber a8 shown on fig. £) locality  number as shown on fig. )

number) number)

15 3529 Centerfield__.___ Field exposure, just north 23 3548 Windom_______._ Pearl Creek, west of rail-
of eastwest trending road approximately 0.25
road, 0.75 mile E.N.E. mile. Straight north of
of Murder Creek ex- Leicester 1.7 miles. Cal-
posure of Centerfield. edonia quadrangle, Liv-

16 (52) Windom Bowen Brook, 1000 paces ingston County.

(Upper). south of bridge (up- 24 3501 Kashong.________ Little Beards Creek, 1 mile
stream) 1 mile south of NNE of Leicester at
Ray and northwest of farmhouse east of Leices-
Alexander, Attica quad- ter-Greigsville highway.
rangle, Genesee County. Caledonia  quadrangle,

17. 275A, Centerfield______ Exposure just north of D. Livingston County.

3503 L. and W. railroad tracks 25 3543 Kashong________ Fall Brook, 1.5 miles SSW
at milepost 357, 2.5 miles of Genesee, section just
east of East Alexander, east of Genesee-Cuyler-
Batavia quadrangle, ville road. Caledonia
Genesee County. quadrangle, Livingston,

18 1011 Wanakah Road cut, 3.8 miles north- County.

(Upper). west of Pavilion, Batavia 26 3547 Wanakah, Jaycox Run, 2.3 miles
quadrangle, Genesee ‘ Pleurodictyum north of Genesee, below
County. (Shaly lower zone. falls, Caledonia quad-
beds 5’ below limestone). 3547a Centerfield rangle, Livingstorn

18 3534 Wanakah Roadside exposure, 1.5 County.

(Upper). miles southeast of East 27 3551 Portland Point_. Menteth Creek, 5.5 miles
Bethany, at the inter- 3552 Kashong south of Canandaigua,
section of Stafford-Wy- 3553 Windom west side of Canandaigua
oming road and White Lake, Canandaigua quad-
Creek. Just east of rangle, Ontario County.
locality 1011. 28 3555 Wanakah, Deep Run, 1 mile north of

19 3542 XKashong_ _______ Shale pit just west of inter- Pleurodictyum Cottage City, east side
section of White Creek zone. Canandaigua Lake, Can-
and route 20, 3 miles east 3555a Deep Run andaigua quadrangle,
of Bethany, Batavia 3556 Kashong Ontario County.
quadrangle, Genesee 28 3586 Tichenor._______ Creek at Green’'s Landing,
County. 0.5 mile north of Deep

19 (35) Kashong________ White Creek; Kashong out- Run.
crops in Creek at inter- 29 3585 Windom________ Creek at Goodings Land-
section with route 20, ing, 0.8 mile south of
just east of collection Cottage City, east side
3542. Canandaigua Lake, Can-

20 3539 Centerfield______ White Creek; Centerfield andaigua quadrangle,

3541 Ledyard outcrops just south of D. Ontario County.

L. and W. Railroad and 30 (20) Wanakah Fall Brook, 3 miles ESE of
west of Stafford-Wyo- (Upper). Canandaigua, Canan-
ming Road. Ledyard daigua quadrangle, On-
outcrops just upstream. tario County.

21 3545 Wanakah East flowing creek at inter- 31 3561 Centerfield__.___ Wilson Creek, 4 miles south

(Upper). section with north-south of north end of Seneca
road, 1.2 miles west of Lake, on west side of
York, Caledonia quad- lake, Geneva quadran-
rangle, Livingston gle, Ontario County.
County. 32 3558 Kashong________ Kashong Creek, 7.5 miles

22 (39), Kashong________ Dump of salt company, 0.5 3558a Wanakah south of north end of

3500 mile southeast of Greigs- 3559 Windom Seneca Lake, west side of

Caledonia quad-
Livingston

ville,
rangle,
County.

Lake, Geneva quadran-
gle, Ontario and Yates
Counties.
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No. on  Geological

figure 6 Survey
gma collection

number

Stratigraphic unit
(Member of Ludlowville
shale or Moscow shale,

as shown on fig. &)

Description
localtty
number)

33 3582 Big Hollow Creek, west
side of Cayuga Lake, 4.5
miles NE of Ovid, Ovid
quadrangle, Seneca
County.

Sheldrake Creek, west side
of Cayuga Lake, 3 miles
NNE of Interlaken,
Genoa quadrangle, Sen-
eca County.

Gould’s Falls, creek just
north of Aurora, east side
Cayuga Lake, Auburn
quadrangle, Cayuga
County.” ’

Paines Creek, east side
Cayuga Lake, 1 mile
south of Aurora. Center-
field at Moonshine Falls,
King Ferry at Black
Rock. Genoa quadran-
gle, Cayuga County.

Clearview Creek, King
Ferry Landing, east side
Cayuga Lake, Genoa
quadrangle, Cayuga
County.

Taughannock Falls, west
side Cayuga Lake, 2.5
miles ESE of Trumans-
burg, Genoa quadran-
gle, Seneca County.

Tributary of Salmon Creek,
northernmost of the two
west flowing tributaries
at Ludlowville, Genoa
quadrangle, Tompkins
County.

Quarry of the Penn-Dixie
Portland Cement Com-
pany. 0.75 mile south-
west of South Lansing,
east side of Cayuga Lake,
Genoa quadrangle,
Tompkins County.

Portland Point or Nortons
Landing on Cayuga Lake,
1.1 miles southwest of
South Lansing, Genoa
quadrangle, Tompkins
County.

Fillmore Glen, in Fiumore
State Park, 1 mile south
of Moravia, Moravia
quadrangle, Cayuga
County.

GLOSSARY

The bryozoan terminology used in this .paper is
largely defined by R. S. Bassler in the “Treatise on

King Ferry_____

34 3581 King Ferry.____

35 3593

Centerfield_.-_ -

36 3571
3572

Centerfield-_____
King Ferry

37 3575 Windom________

38 3579 Windom________

40 3569 Windom__._____

41 3562 Windom________

42 3563
3564
3567

Portland Point. .
King Ferry
Windom

43 3570

508925 O—60——2

Invertebrate Paleontology, part G, Bryozoa, p. G7
to G16.” Additional terms and variant usages are
defined below.

Amalgamate wall structure or appearance—Term
used for zooecial walls as seen in tangential section in
which the zooecial boundaries are not visible and the
positions of these boundaries are marked by relatively
broad bands of apparently nonlaminated skeletal mate-
rial. (Fig. 8 and pl. 11, fig. 3a.)

Atactotoechid wall structure—See p. 32.

Azial Ratio—Ratio between neanic diameter and
total branch diameter.

Compound diaphragm.—Diaphragm formed by two
or more simple diaphragms that are in contact most or
all of the way across a zooecium. (Pl. 21, figs. 1-3.)

Cyst—Small, hollow, subspherical body occurring
within the zooecial cavity and composed of laminated
material that is continuous with the laminae of sup-
porting diaphragms or zooecial walls. (Pl. 10, fig. 4.)

Cystiphragm.—Skeletal partition extending from
the zooecial wall into the zooecial cavity and recurved
proximally to form a closed compartment by abutting
against the zooecial wall or-adjacent cystiphragm or
diaphragm. Cystiphragms either partly or completely
encircle the zooecial cavity to form a hollow ring and
commonly occur in closely packed or overlapping series
lining the zooecial cavities. Cystiphragms do not ex-

tend completely across the zooecial cavity. (Pl 17,
fig. 5.)
COystoidal  diaphragm.—A  transverse structure

formed by two diaphragms in contact only part way
across the zooecial cavity to form a completely en-
closed compartment between them. At least one of
the partitions is a complete diaphragm. (Pl 20, fig.
4b.) ' :
Diaphragm.—Skeletal partition extending trans-
versely across the zooecial tube or mesopore.
Diaphragm-wall unit—The diaphragm and that
part of the distally adjacent zooecial wall that are
directly connected to form a continuous skeletal unit.
(Fig. 8.) . '
Ephebic zone—Part of individual and colony pos-
sessing most of the taxonomic structures. In the
Trepostomata, the ephebic zone consists of the outer
parts of zooecia and zoaria characterized by thickened
zooecial walls, relatively abundant diaphragms, and
mesopores and acanthopores, if present. Synonymous
with mature region of authors. See figure 7.
Hemiphragm.—Shelf-like platform in the ephebic
part of zooecial tube, joined to the walls on the proxi-
mal side only and extending part way across the tube.
The platform consists of laminae that are continuous
with the laminae of the zooecial walls. (Fig. 22.)
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Diameter of
zooecium

\angle
N

—Zoecium with
4 diaphragms

Fieure 7.—Diagrams illustrating standard measurements. A, tangen-
tial section of a single zooecium ; B, longitudinal section of ramose
zoarium. .

Independent wall unit.—A segment of the zooecial
wall that is not connected to the laminae of a dia-
phragm. (Fig. 8.)

Integrate wall structure or appearance.—Term used
for zooecial walls as seen in tangential section in which
zooecial boundaries appear as lines, either light or
dark in shade. (Pl 20, fig. 4a.)

Leioclemid wall structure.—See p. 30.

Leptotrypellid wall structure.—See p. 32.

Longitudinal section.—Section exposing the zooecia
parallel to their length. In a ramose zoarium the
plane of the section is in the center of the branch,
parallel to branch length. In a massive or incrusting
zoarium the plane of the section is perpendicular to
the surface of the zoarium.

Measurements—Numbers of zoaria included in the
table of measurements for a species commonly are
fewer than the total number of zoaria of that species
available for study. In species in.which few zoaria
were available, these discrepancies were caused by
orientations of thin-sections that were oblique enough
to affect or make impossible the measurements. Pre-

cise orientation of thin-sections is especially difficult
in irregularly massive or incrusting forms, and in
zoaria that can not economically be freed from the
matrix. In species in which many zoaria were avail-
able, it was considered not necessary to measure sec-
tions from all of the zoaria.

Megazooecium.—An enlarged zooecium developed in
the monticules. (Pl 12, fig. 7b.)

Mesopore.—Skeletal sac or tube, parallel to the
zooecia but appreciably smaller in diameter and in
most genera limited to the ephebic zone. Included
diaphragms are generally more closely spaced than
those in zooecia. (Pl. 2, figs. 2 and 5.)

Monticule—Clusters of modified zooecia (generally
megazooecia, mesopores, and acanthopores in differ-
ent combinations) regularly spaced throughout a
zoarium and appearing on the surface generally as
small protuberances. (Pl 11, fig. 3b; pl. 12, fig. 7b;
pl. 14, fig. 2b.)

Mural lacuna.—Small equidimensional void in zooe-
cial walls. (Pl 11, fig. 3a.)

Mural spine—Small laminated spine continuous
with the laminae of the surfaces of zooecial walls and
diaphragms and projecting into the zooecial cavity.
(P1. 8, figs. 4, 5a, and 6.)

Neanic zone—Part of individual and colony too un-
developed to possess many taxonomic characters. In
the Trepostomata the neanic zone consists of the basal
or inner part of a zooecium and zoarium, characterized
by thinness of zooecial walls and relative sparseness or
absence of transverse structures. Synonymous with
immature region or axial region of authors (fig. 7).

Owvergrowth.—Conspecific secondary growth incrust-
ing a zoarium and separated from the zoarium by a
basal lamina. (Pl. 7, fig. 4a.)

Stereotoechid wall structure.—See p. 30.

Tangential section.—Section parallel to and just
under the surface of a zoarium. The section normally
cuts the zooecia transversely.

Transverse section.—Section at right angles to the
branch of a ramose zoarium.

T rachytoechid wall structure.—See p. 31.

Zoarium.—The collective skeletal parts of a bryo-
zoan colony.

Zone of curved laminae.—That part of the zooecial
wall characterized by strong curving of the laminae as
seen in longitudinal section. The laminae in the zone
are continuous with the distal ends of the laminae of
the diaphragms, or zooecial lining if present, and end
at the zooecial boundary. (Pl 10, fig. 1a.)

Zooecial bend.—Relatively sharp bend in the zooe-
cium generally located either at the boundary between
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the neanic and ephebic zones or in the early ephebic
zone. The concave side of the bend is always toward
the proximal direction of the zoarium. (Pl 6, fig. 8c.)

Zooecial boundary—Narrow zone in which the wall
laminae from adjacent zooecia merge or abut against
each other. (Pl 17, fig. 6a.)

Zooecial lining.—A zone in a zooecial wall consisting
of the laminae that line a zooecium and trend parallel
to the longitudinal direction of the zooecia for a con-
siderable distance. The zone is continuous proximally
with the laminae of the diaphragms and distally with
the zone of curved laminae. (Fig. 12 and pl. 15, figs.
3a, 4.)

Zooecial surface angle—The acute angle at which
the zooecia intersect the surface of the zoarium.
(Fig. 7.)

Zooecium.—Skeletal sac or tube that contained the
soft parts (polypide) of the whole animal or zooid.

MORPHOLOGY AND TAXONOMY

The devising of a satisfactory classification of the
trepostomatous Bryozoa is seriously handicapped by
our complete ignorance of the living animal. The bio-
logic significance of structures occurring in the order
is speculative, consequently the taxonomic principles
that can be applied to this large extinct group are
limited. Most skeletal structures must be treated
empirically and evaluated by indirect means. These
indirvect approaches provide the basis for many of the
practical and usable features of the classification, but
by themselves ave likely to result in a high degree of
artificiality.

The extent to which a natural classification of the
Trepostomata can be established will depend on how
much success students have in using biologic principles
to substantiate and modify the largely artificial classi-
fication. The attainment of a natural phylogenetic
classification throughout is an impossible goal; but a
generally satisfactory classification, in part phylo-
genetic, and based on biologic principles whenever
possible, should be attainable by careful study.

In establishing taxonomic criteria indirectly, the
value of a character commonly is judged by its con-
stancy in a number of forms. That is, a structure or
characteristic that occurs throughout a group of obvi-
ously diverse forms is generally given a more im-
portant taxonomic role than another structure or
charactervistic that is seen in only a quarter of the
forms. The reliability of a character is strengthened
if it is associated with other characters that occur in
the same grouping of specimens.

It happens commonly that there is a negative corre-
lation between morphologic characters that are ap-
proximately equal in numbers of occurrence. Such

negative correlations result in different groupings, de-
pending on which character is given preference. It is.
then necessary to accept one character as most impor-
tant and downgrade the others in order to present
a single taxonomic arrangement. Purely subjective
suppression of certain taxonomic characters is cer-
tainly not a sound basis for a natural classification.

If established biologic principles can be applied to
problems of taxonomic evaluation, many preferential
decisions can be made with the hope of approximating
the natural grouping. In the Trepostomata, the study
of complete zoaria contributes to the understanding of
ontogeny, polymorphism, and mode of colonial
growth. Distributional studies in time and space fur-
nish data for the evaluation of more realistic species
concepts. These distributional studies are based on
the essentially nondimensional collections that provide
data on morphologic variation in inferred population
samples, and superimposed collections from  single
localities that give relative time relationships. Geo-
graphic distribution and paleoecologic interpretations
complete the distributional data. These and other
biologic principles are essential factors in inferring
evolutionary trends and patterns and developing a
more nearly natural, phylogenetic classification.

EARLY HISTORY OF THE STUDY OF THE ORDER
TREPOSTOMATA

Study of the Trepostomata is separable into two
periods based on techniques and approach used in
morphologic and taxonomic investigations. Students
in the earlier period mainly observed growth habits
of the zoaria and details of external appearance. The
second period is marked by the additional study of
internal features of the zoaria by means of thin sec-
tions, and the increased importance of the zooecia in
the classification. The more recent approach has
shown the earlier work to be ineffectual and mislead-
ing in both biologic and stratigraphic applications.
Growth habits of the zoaria are now considered of
minor taxonomic importance in the Trepostomata, for
zoaria that are similar in growth habit and external
appearance are known to differ conspicuously in micro-
scopic internal structure. The current classification
of the order is based on internal characters and ex-
ternal homeomorphy is generally an important factor
in the study of Trepostomata.

The Trepostomes have “stony” and massive zoaria
rather than the “mosslike” skeletons that are charac-
teristic of many living bryozoans. Consequently, tre-
postomes were relegated to the coral group when the
Bryozoa was first recognized in 1830 by Thompson
(Polyzoa) and in 1831 by Ehrenberg (Bryozoa). In
the latter half of the nineteenth century an active
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controversy aros. concerning the zoological affinities
of the trepostome group. The arguments on both
sides were confused because of poorly defined con-
cepts of taxonomic groups called the “favositids,”
“monticuliporoids,” “stenoporoids,” ‘“chaetetids,” and
“trepostomes.” At one time or another, all of these
groups contained both bryozoans and corals in varying
proportions depending on the prejudices of individual
authors. When thin-section studies were first intro-
duced, many structures were misinterpreted. Certain
genera were declared to be “truly” corals or bryozoans
on erroneous grounds. These genera were then used
as standards for comparison with related genera, and
all were designated either corals or bryozoans.

In 1876 Nicholson (p. 85-95, pl. 5) published what
are probably the first illustrations of thin sections of
Bryozoa. Nicholson followed this paper by a series
of outstanding publications that established the need
for thin sections, and recognized the major internal

structures subsequently used in the modern classifica- |

tion of the trepostomes, or monticuliporoids as they
were then known. Nicholson recognized the minor
taxonomic value of zoarial growth habit (1879, p. 273)
and the occurrence of apparently dimorphic individu-
als in the zoaria (1879, p. 276). He correctly de-
scribed the structure of acanthopores (1879, p. 278)
and distinguished inner thin-walled zones and outer
thick-walled zones in the zoaria (1881, p. 31).

Nicholson was probably the leading advocate of
the view that the affinities of the monticuliporoids were
with the corals rather than with the bryozoans. One of
his main arguments favoring coral affinities was the be-
lief that the bryozoan genus Stenopora Lonsdale had
mural pores and was an undoubted favositid coral (1879,
p. 173). As comparisons between the monticuliporoids
and Stenopora were convincing and valid, he consid-
ered all of the monticuliporoids to be tabulate corals.
However, his discussion indicates he experienced some
difficulty in interpreting the wall structures in thin
sections. Waagen and Wentzel (1886, p. 886) pointed
out that Nicholson was working with imperfect ma-
terial in which the actual walls had been removed by
solution, leaving internal molds of the zooecia. Thus,
the presence of mural pores actually could not have
been determined. Nicholson subsequently (1889, p.
350) accepted the interpretation of Waagen and Went-
zel and placed Stenopora with the monticuliporoids,
but remained uncertain as to the affinities of the gen-
eral group.

Waagen and Wentzel (1886, p. 855) and G. R. Vine
(1884, p. 182) agreed with Nicholson on the coralline
affinities of monticuliperoids. Waagen and Wentzel
attempted to develop a line of argument in favor of

corals based on the mode of propagation of the indi-
viduals in colonies. Their description of gemmation
in monticuliporoid zoaria assumed that mesopores and
acanthopores are not polymorphic individuals but
merely young zooecia in the initial stages of forma-
tion. This concept has not been subsequently sub-
stantiated.

The first attempt to assign the general trepostome
group to the bryozoans probably was made by Romin-
ger of Michigan (1866, p. 1-3). IHe compared some
of the genera now included in the Trepostomata with
the genus Heteropora, a post-Paleozoic form that he
considered transitional between Paleozoic trepostomes
and undoubted bryozoans. Heteropora was mentioned
throughout the controversy by other authors also, pro-
coral advocates either denying morphologic similari-
ties with the trepostomes or arguing that Heteropora
was not a bryozoan.

In 1873 Dr. Gustav Lindstrom published a paper
on the affinities of the Anthozoa Tabulata in the Pro-
ceedings of the Swedish Academy of Science, later
translated (1876, p. 1-17), in which he cited Romin-
ger’s work and placed a number of the known genera
of trepostomes in the Bryozoa. Lindstrom was one
of the first to use astogeny as an approach toward
answering the question. He claimed that as a colony
developed from the first few cells it passed morpholo-
gically from one “genus” to the next, as genera were
then defined. Further, he claimed he could trace ma-
ture colonies of trepostomes back to initial stages that
belonged to genera of undoubted bryozoans. Unfor-
tunately, no illustrations were published and stages
of development were defined by comparing them with
poorly understood genera. Lindstrom’s work is dif-
ficult to evaluate and served only to heighten the
argument. About the same time Dollfus (1875, p.
681-683) and Zittel (1880, p. 575-641) placed the fam-
ily Chaetetidae, then containing most of the trepos-
tomes, in the Bryozoa.

In 1882 E. O. Ulrich began a series of publications
that produced our: present classification of the Paleo-
zoic Bryozoa. Using the techniques and approach
outlined by Nicholson, Ulrich -established the suborder
Trepostomata (Ulrich, 1882, p. 151) and began the
first comprehensive study of the group. Ulrich agreed
with Nicholson on the interpretation of many strue-
tural features but believed the group to be Bryozoa,
comparing them with post-Paleozoic Cyclostomata,
which were accepted bryozoans.

In 1902 E. R. Cumings began a series of definitive
papers on early Paleozoic Bryozoa, presenting factual
evidence that helps clarify many of the perplexing
problems relating to the Trepostomata. Cumings made
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a detailed study of the initial stages in the develop-
ment of zoaria belonging to the fenestellids and the
monticuliporoids. He showed that the Cryptostomata
and Trepostomata started zoarial growth in the same
manner and that the development of bryozoan zoaria
was radically different from that of typical tabulate
corals (1912, p. 365). Cuming’s observations have
since been accepted as critical evidence bearing on the
zoological affinities of the trepostomes and, added to
the mass of morphologic comparisons, ended the con-
troversy about the zoological relationships of the
Trepostomata.

WALL STRUCTURE AND TAXONOMY
PREVIOUS WORK

The early descriptions of zooecial wall structure by
Nicholson were based on tangential views and were
concerned largely with the amalgamate or discrete
appearance between adjacent tubes, depending upon
the presence or absence of a dark line marking the tube
boundaries. The dark line was interpreted as the
primordial wall (Nicholson, 1881, p. 37).

Nicholson’s methods and his reliance on the tan-
gential sections in interpretations of wall structure
were perpetuated by Ulrich and later by Bassler. In
1890 Ulrich published a monograph on the Paleozoic
Bryozoa that is probably the most important single
work on the trepostomes. The classification proposed
is the basis for the one used today (Bassler, 1953, p.
G91-G119). Wall structure of trepostomes in gen-
eral was described. The line dividing adjacent zooecia
was termed the “primitive wall” (Ulrich, 1890, p. 310)
and the material thickening the zooecial walls in the
ephebic zones was called a “secondary deposit” (Ulrich,
1890, p. 307).

Ulrich and Bassler published a revision of the
Paleozoic Trepostomata in 1904. Two “divisions” of
the trepostomes were recognized on the .basis of
zooecial wall structure as seen in tangential thin
sections.

The classificatory value of the structure of the walls separat-
ing neighboring zooids, especially the degree in which the
calcareous investment of adjoining zooids is either amalga-
mated or maintains for each its integrity, continues to im-
press us more and more favorably (Ulrich and Bassler, 1904,
p. 15).

Accordingly, they divided the Trepostomata into the
Amalgamata, including four families, and the Inte-
grata, including three families.

The families currently recognized (Bassler, 1953)
remain essentially unchanged since the 1904 revision.
In 1911, Bassler published a paper on the early Paleo-
zoic Bryozoa of the Baltic Provinces that best ex-

presses the Ulrich-Bassler classification of the trepos-
tomes. Wall structure was considered to provide
fundamental criteria for family groupings (Bassler,
oral communication 1952). The following quotations
taken from either the 1904 or 1911a papers summarize
the published information on the wall structures in
their classification.

DIVISION I. AMALGAMATA, 1904

“Trepostomata in which the boundaries of adjacent zooecia
are obscured by the more or less complete amalgamation of
their walls” (Ulrich and Bassler, 1904, p. 15).

Family MONTICULIPORIDAE Nicholson (Emend. Ulrich)

The wall structure of the family is best expressed by a de-
scription of the type genus, as follows:

“The peculiar granulose walls, the vary slight development
or total absence of the laminated secondary deposit * * *”
(Ulrich and Bassler, 1904, p. 15).

Family HETEROTRYPIDAE Ulrich, 1890

“As seen in tangential sections of well preserved specimens,
the wall separating adjacent zooids consists (1) of a moder-
ately wide, light-colored, transversely dotted or lined, central
band, which represents the amalgamated original walls, and
(2) bordering it on each side, a concentrically laminated,
secondary deposit” (Ulrich and Bassler, 1904, p. 23).

Family CONSTELLARIIDAE Ulrich in Zittel, 1896

“The most obvious characteristic of the family is the usually
stellate shape of the maculae. More important features are
the small, hollow spines or granules which occur in place
of true acanthopores, and a somewhat granular wall structure
occurring in the more mature portion of the zoarium” (Bassler,
1911a, p. 218).

Family BATOSTOMELLIDAE Ulrich in Miller, 1889

“In this family the amalgamate nature of the zooecial walls
is most marked, in fact so much so that adjoining walls
usually appear as completely fused together” (Bassler,
1911a, p. 240).

DIVISION II. INTEGRATA 1904

“Trepostomata inwwhich the boundaries of adjacent zooecia
are sharply defined by a black divisional line” (Ulrich and
Bassler, 1904, p. 40).

“This line in all probability represents the fossilized re-
mains of animal matter which filled this space during the
life of the organism. Occasionally, this narrow, intervening
area is occupied by a light-colored tissue, and in this case
the outer boundaries of the walls of each zooecium can be
seen.” (Bassler, 1911a, p. 177).

Family AMPLEXOPORIDAE Ulrich in Miller, 1889

“The simplest types of Integrata are included in this family,

‘which, because of this simplicity as well as the practical

absence of mesopores, shows the duplex character of the
walls most distinetly” (Bassler, 1911a, p. 265).

Family HALLOPORIDAE Bassler, 1911
(emend. Calloporidae Ulrich, 1890)

“The family includes those integrate trepostomatous bryo-
zoans in which the zooecial tubes are thin-walled and attain
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their full size slowly, but chiefly in which acanthopores are
absent” (Bassler, 1911a, p. 325).
Family TREMATOPORIDAE Ulrich in Miller, 1889

“Walls thickened in the mature region, with a distincet di-
visional line where the zooecia are in contact. As a rule the
Trematoporidae have a general looseness and slight obscurity
of structure quite unlike that of any other family. For ex-
ample, the walls are not as clear and distinct as in the
Amplexoporidae or Halloporidae, the acanthopores have a less
definite, clear cut structure, and the walls are often undulat-
ing” (Bassler, 1911a, p. 267).

In 1915 Cumings and Galloway published a signifi-

cant paper on the morphology of the trepostomes.
They found a species of the genus Heterotrypa (placed
in the Amalgamata by Ulrich and Bassler) that dis-
played both an amalgamate and integrate appearance
in tangential sections. This observation led them to
study wall structure in longitudinal views using thin-
ner sections and higher magnifications than had been
previously employed. Cumings and Galloway (1915,
p- 860) found that wherever wall laminae are sharply
bent, the deposit appears darker. If the laminae
intersect the boundaries at low angles they are most
sharply bent at the zooecial boundaries. Cumings and
Galloway considered the sharp bending of the laminae
to be the origin of the dark “primary” wall exhibited
in tangential sections and used to define the Integrata
of Ulrich and Bassler. Also, (Cumings and Galloway,
1915, p. 365)
the presence or absence of a dark median line in the wall
depends to a large extent on the steepness of pitch of the
laminae, which in turn depends on whether the growing edge
of the wall is thin and sharp or blunt and smoothly rounded.
“Pitch of the laminae” was found to be variable within
a species and even within a specimen (1915, p. 359).
In evaluating the taxonomic use of the amalgamate
and integrate appearance they state—
If the differences above described are due primarily to the
steepness of pitch of the wall laminae, it is likely that the
classificatory value of this phase of wall structure in the
Trepostomata is also of subordinate rank (1915, p. 361).

Cumings and Galloway (1915, p. 361) interpreted

the laminae lining the zooecial walls and extending
into the diaphragms and cystiphragms to be secondary
In origin.
The secondary deposits we have designated the cingulum, be-
cause in tangential sections * * * they give the appearance of
a well defined ring or zone of deposits adjacent to the zooecial
cavity.

G. W. Lee (1912, p. 145) also found difficulty with
the amalgamate-integrate concept.. He wrote:

In the British fauna, so far as examined, a black line is
occasionally exhibited in forms which are otherwise referable

to the division Amalgamata. Its adoption as a classificatory
character in the case of the materials considered here would

lead to an inconsistent grouping of the species, and is there-
fore deferred pending further investigation.

Helen Duncan (1939, p. 186) had difficulty in plac-
ing the Traverse genera in the Ulrich-Bassler classi-
fication and proposed the family Atactotoechidae to
include genera displaying both amalgamate and inte-
grate structure. In discussing the genus Atacto-
toechus, Duncan comments:

The fact that some species of Atactotoechus have integrate
and others amalgamate walls does not seem to be an adequate

reason for placing in different families forms having other
homogeneous structural characters.

WALL STRUCTURE AND TAXONOMY IN THE HAMILTON
TREPOSTOMATA

A study of the well-preserved Trepostomata from
the Hamilton group of New York indicates that some
genera cannot be placed in suborder and family cate-
gories as presently defined in the literature. Several
species of both Atactotoechus and Leptotrypella show
both amalgamate and integrate wall structure in tan-
gential sections, the same condition also observed by
Duncan in Traverse species, and by Cumings and Gal-
loway, and Lee in trepostomes of other systems. Such
variation within a species, and even within a zoarium,
conflicts with the degree of constancy expected for
usable subordinal characters.

The writer also had difficulty applying recognized
criteria for families. Species of Leptotrypella in the
Hamilton group do not have a “transversely dotted
or lined, central band, which represents the amalga-
mated original walls” described as characteristic of the
Heterotrypidae by Ulrich and Bassler. Rather, the
“central band” in well preserved specimens of Lepto-
trypella appears to be structureless and hyaline in all
but a few tangential sections. A few specimens ex-
hibit uniformly spaced mural lacunae or rare clusters
of irregularly spaced mural lacunae, that can be con-
sidered small “dots” but they are unknown in some
species of Leptotrypelle and are interpreted as a
species character at best in the genus.

A still more difficult problem is posed by the genera
now referred to the family Stenoporidae (DBassler,
1953, p. G101). No essential differences were seen be-
tween tangential thin sections of Hamilton stenoporid
genera and sections of the heterotrypid genus Lepto-
trypella lacking mural lacunae. All the New York
species of Stereotoechus, Dyoidophragma, Leioclema,
and 7rachytoechus have the hyaline “central band”
typical of the amalgamate wall, surrounded by a lami-
nated zone that appears to line the zooecia. The rela-
tive thicknesses of the “central band” and the
laminated zone are fairly constant for Stereotoechus
and Dyoidophragma but relative widths of these zones
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have not been considered in the definition of families
and generally do not appear constant enough for such
application.

Because of these difficulties with the supergeneric
classification, a detailed study of the skeletal morphol-
ogy of the Hamilton Trepostomata was made. The
writer resorted to the approach first used by Cumings
and Galloway, and studied longitudinal sections as
well as the tangential sections, both under high mag-
nifications, better to understand zooecial wall struc-
ture in three dimensions.

As a general rule, the laminated material of all
diaphragms continues without interruption into the
zooecial walls (fig. 8). The laminae of the diaphragms
normally increase in number as they join the walls
so a single diaphragm is continuous with a consider-
ably thicker wall deposit. In the wall, the laminae
may run parallel to the longitudinal direction of the
zooecium for a considerable distance to form a lining
to the zooecial tube; or, the laminae may extend di-
rectly into the wall at an angle to the longitudinal
direction of the zooecium. Regardless of the inclina-
tion of the laminae as they enter the wall, all, or a
part of the laminated material can be traced to its
termination at the zooecial boundary in well preserved
specimens from the Hamilton group. A diaphragm
plus the distally connected wall deposit are interpreted
to form a unit of skeletal growth that was deposited
at approximately the same time and is here termed a
diaphragm-wall unit (fig. 8).

The exact, boundaries of a diaphragm-wall unit are
difficult to define in many species and in poorly pre-
served material. It is commonly evident, however, that
short, disconnected lengths of a zooecial wall are not
continuous with diaphragm laminae. These inde-
pendent wall units (that is, not connected to dia-
phragms) may completely encircle the zooecium
(shaded area in fig. 8); or they may pinch out be-
tween two converging diaphragm-wall units (coarsely
laminated area in fig. 8) so that no independent wall
unit can be distinguished in a corresponding position
in the opposite wall of the zooecium. In these inde-
pendent wall units, structure and inclination of the
laminae are exactly the same as in the diaphragm-wall
units and are interpreted to be essentially similar in
origin to the wall portions of the diaphragm-wall
units. One type of wall unit followed another in ap-
parently no particular order as the zooecium grew
distally. Distally placed units are considered pro-
gressively younger. Thus, active addition of skeletal
material occurred only in the outermost wall unit at
any one time.

Position of zooeciol boundary

Laminated zone
(Secondary woll of authors)

Hyaline zone
(Primary wall of authors)

Zooecial boundary
Diaphragm

Limits
single z

of a
ooecium

Diaphragm wall unit
Independent wall unit (discontinuous)
I 'ndependent wall unit (continuous)

Fi1cUrg 8.—Diagrammatic tangential and longitudinal sections of a
zooecium of a generalized trepostome bryozoan illustrating the lami-
nated structure of the skeleton. Line 7-7" in the longitudinal view
indicates the position of the trace of the plane of -the tangential
gsection. The position of the zooecial boundary in the tangential view
is indicated by a dashed line because the boundary is not seen {in
this view of an amalgamate wall. The small circular laminated
structure is an acanthopore. In the longitudinal view the outlined
walls outside the inferred limits of the single zooecium are thought
to be deposited by the two adjacent polypides.

The above interpretation of the structural relation-
ships of the wall laminae indicates that no part of the
zooecial wall can be considered to be of secondary ori-
gin in the Hamilton trepostomes. However, some
specimens of Leptotrypella (pl. 6, fig. 7; pl. 8, figs.
4, 5b, and 7) have zooecial linings that suggest sec-
ondary deposition. The laminae run parallel to the
longitudinal direction of the zooecia for a consider-
able distance, commonly passing under two or three
distally located diaphragms before finally bending
outward to the zooecial boundary. The apparent dis-
tinctness of this zooecial lining is emphasized by the
light color of the laminated deposit of the lining rela-
tive to the darker appearing deposit of the zone of
curved laminae. However, Cumings and Galloway
observed that the laminae become distinctly darker in
appearance in thin section if they are curved. This
curving of laminae might be the explanation of the
darkening, as the laminae in the lining are straight
and generally much lighter in shade than the distal



28 TREPOSTOMATOUS BRYOZOA, HAMILTON GROUP

extension of the same laminae as they bend toward
the zooecial boundary. The important structural fea-
ture, however, is the continuity of the laminae from
the light-colored lining into the darker curved part
of the wall. In the specimens referred to in plates 6
and 8 above, only a small proportion of the laminae
of the zooecial lining can be traced to the zooecial
boundary. Continuity of laminae from diaphragm to
zooecial boundary is more generally seen as shown in
text figure 8, however, and is characteristic of all
the Hamilton genera except Leptotrypella.

Study of the longitudinal views of zooecial walls
such as that carried on by Cumings and Galloway
(1915, p. 359) suggests that a polypide contributes the
inner half (relative to the polypide) of the deposits
in the double or compound wall surrounding the
polypide. The extent of the deposits formed by one
polypide is marked by the zooecial boundary (text
fig. 8). Adjacent polypides surrounding a zooecium
contribute the material for the other half of the com-
pound wall. The wall building from both sides of a
zooecial boundary by adjacent polypides results in one-
half of the compound wall being the mirror image of
the other, when viewed in longitudinal or tangential
thin sections. Laminae commonly can be seen to end
abruptly in the zooecial boundary region and abut
against the ends of laminae from adjacent zooecia
(see .Cumings and Galloway, 1915, pl. 14, 15) and
(pl. 14, fig. 1d and pl. 17, fig. 6a) throughout the
Trepostomata. Zooecial boundaries in general, how-
ever display a wide range of appearances that can
be constant for a genus or that can vary considerably
within a species or specimen. Some species and genera
show little or no evidence of discontinuity at the
‘boundaries as seen in longitudinal sections (pl. 10,
fig. 1a). The laminae from adjacent zooecia in such
specimens appear to merge without interruption at
the position of the boundary. Little notice has been
taken of the longitudinal aspect of zooecial boundaries
in previous descriptions. Future observations may
prove that this feature is a useful taxonomic charac-
ter in some groups.

The laminated zones seen lining the zooecia in
tangential sections and interpreted as being secondary
by Nicholson, Ulrich and Bassler, and Cumings and
Galloway must be correlated with primary structures
if observations and interpretations based on the longi-

tudinal views of Hamilton trepostomes are correct.

The fundamental reason for the contrasting laminated
appearance of the zooecial linings and the hyaline or
dotted “central bands” of the amalgamate wall was
first pointed out to the author by Helen Duncan. The
material of the zoaria, at least in the ephebic zone, is

laminated throughout. If the plane of a thin section
cuts the skeletal material at right angles to the plane
of the laminae, the laminae will obviously be seen in
transverse view, one lamina upon the other. If the
plane of a thin section cuts the skeletal material paral-
lel to the plane of the laminae, the plane of the thin
section will lie within a very few laminae, the lami-
nated structure will not be apparent, and a hyaline
or granular appearance will result, depending on the
texture of the laminated material. Considering the
orientation of the plane of the tangential section while
looking at a longitudinal thin section, it is readily
seen that in the usual amalgamate walls (text figs.
9-12) the curving laminae intersect the plane of the
tangential section at varying angles. Near the margin
of the wall adjacent to the zooecial chamber, the
laminae are approximately at right angles to the
tangential section. Therefore, these laminae are cut
transversely and appear as laminated areas in the
tangential section. As the laminae approach the
zooecial boundaries, however, they gradually curve
through an arc of 90 degrees. Finally the laminae
are parallel to the plane of the tangential section, and
that area of the tangential slide appears to be non-
laminated and hyaline. The hyaline area, which ex-
tends for varying distances on either side of the
zooeclal boundary, is the “central primary band” of
previous authors. The “secondary, laminated, zooecial .
linings” of previous authors are merely those areas
where the wall laminations are cut at high angles by
the tangential section.

In most integrate zooecial walls, the laminae, as
seen in longitudinal section (fig. 13) never curve
enough to become parallel to the plane of the tan-
gential section over an appreciable distance. Thus,
a tangential section intersects nearly all the wall
laminae at high angles resulting in the laminated na-
ture of the wall material being displayed throughout
the thickness of the wall. At the narrow zooecial
boundary zone the laminae terminate or bend sharply
and are parallel to the plane of the tangential section
only at the line of junction of zooecia. The zooecial
boundary thus appears in tangential section as a line
or narrow light shaded hyaline zone differentiated
from the typical laminated structure on either side of
the boundary.

Laminated structure must inevitably appear in
tangential sections wherever the laminations are at a
high angle or perpendicular to the planes of the sec-
tions. The laminated structure of the acanthopores as
seen in tangential sections is attributable also to per-
pendicular orientation of the deposits to the section.
The laminae surrounding the central tubes of the acan-
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thopores were deposited as a series of superimposed
cones pointing distally and making spinelike projec-
tions on the surfaces of the zoaria. The laminae are
approximately perpendicular to the plane of the

tangential section within the cones. If the cones are

truncated by a tangential section the acanthopore
appears as a concentrically laminated structure.

Mural spines are characteristic of many species of
Leptotrypella, and of two species of Atactotoechus,
in the Hamilton group. Spines of similar size and
position in zooecia have been reported in other Paleo-
zoic and post-Paleozoic species. The spines in Hamil-
ton species are projections of the laminated material
either of the zooecial walls or of diaphragms. The
spines are laminated throughout, the laminae paral-
leling the surfaces of the spines as the spines were
secreted. Sections cutting spines longitudinally show
a series of superimposed cones which extend their
laminae into the wall laminae without interruption.
Sections cutting the spines transversely show a con-
centrically laminated structure.

Many spines appear to have a nonlaminated core
(pl. 11, fig. 5a) of clear calcite. The nonlaminated
appearance is again due to the approximate parallelism
of laminae and the plane of the thin section. Minor
adjustments of the focus of a microscope at higher
magnifications readily demonstrate the completely
laminated structure of the spines.

The spines apparently developed as the wall laminae
formed. The base of a spine lying distal to another
spine in the same zooecium is connected to wall laminae
that partly surround or imbed the older spine (pl. 8,
fig. 4). Thus, a spine developed in the early ephebic
zone can be partly buried by subsequent deposits.
There is some evidence that each spine originated at
an approximately constant distance from the advancing
aperture in the genus Leptotrypella. }

The function of spinose structures lining the skele:
ton and pointed toward the soft polypide is a matter
for speculation. From the study of recent bryozoans,
it can be assumed that the polypide need not fill the
entire chamber of the zooecium, so such a projection
would not necessarily have interfered with the soft
parts. The spines might possibly have been attach-
ment supports for muscles or ligaments, but such
speculation is premature.

The spines are not. considered comparable with those
discussed by Elias (1956 reference to spines not made
‘In abstract but included in talk) as nonbryozoan sym-
bionts or penetrants. The direct connection of the
laminae of the spines with those of the zooecial walls
or diaphragms is convincing evidence that the spines
were produced by the bryozoans.

Some of the Hamilton species of Leptotrypella and
Trachytoechus display minute pores in tangential
views that are here termed mural lacunae (pl. 5, fig.
3a; pl. 11, fig. 3a). The nature of at least some of
these pores is clarified by study of longitudinal sec-
tions. In many of the species involved, the zooecial
boundary is a relatively wide serrated zone, the laminae
from adjacent zooecia either overlapping or falling
short of the actual center line (pl. 6, fig. 5, 8a). Over-
laps from one side are matched by shortened laminae
from the other. Failure of groups of laminae from
opposite sides of the boundary to make contact with
each other results in minute equidimensional voids.
The voids or lacunae are the minute pores of tangential
sections. .

In the Hamilton material the mural lacunae are
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