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ABSTRACT

COMPARATIVE VALUE OF FOURIER SHAPE, MOSAIC-STRUCTURAL,
AND BINARY SKELETAL CHARACTERS IN A LATE DEVONIAN
BRYOZOAN FAUNA ( THREEFORKS FM., MONTANA)

By
Dennis Prezbindowski

The purpose of this study is to introduce and
examine the relationships among three independently
derived sets of morphological characters in a Paleozoic
stenolaemate bryozoan fauna. These characters including
both intrazoarial means and standard deviations, are
sources of biological information. The bryozoan fauna
was collected from seven localities within the Upper
Devonian Threeforks Formation (Famennian) of southwestern
vMontana., The fauna consisted of a usable sample of 61
zoaria, The three character sets are Fourier harmonic
amplitudes, quantitative (multistate) nonfourier continuous
variates, and binary (two-state) characters. R-mode
principal components analysis of the six Fourier shape
variables and nine quantitative variables reduced the
data to the most independent sources of information which

accounted for 86.3 percent of the variance observed within



the total sample used. Nine of the 15 selected characters
were intrazoarial standard deviations. Fisher's exact
probability matrix of association was generated for the

53 binary characters used. An R-mode factor analysis

of this probability matrix showed that based, on their
lack of association, 20 binary characters were the most
independent. The residual character sets analyzed with
Parks' (1970) R-mode and Q-mode program using simnle
distance based on principal component values with

results illustrated in dendrogram form.

Four phenograms were produced using the three basic
character sets and various combined sets of characters.
The binary character set alone produced the best phenogram
(nine misclassifications), followed by Fourier harmonic
amplitudes (10 misclassifications) and the nonfourier
continuous variates (15 misclassifications). The
combined set of all characters produced five misclassifications.
The use of intrazoarial standard deviations measures
colony variation within a localized area. This variation
is a measure of disorder within the measured area. These
measures of variation generally captured more indevendent
information than their associated means. The amount of
disorder or variation can be related to the budding
pattern. The results of this study strongly support the
hypothesis that species have characteristic astogenetic

variation patterns. This variation can be used to



claseify bryozoans., Binary and Fourier shape characters
provide more independent information than the standardly
used quantitative characters. The newly introduced
quantitative characters of nearest neighbor statistc
(controlled by budding) and interzooecial area per unit
volume have vroven to be two of the more important
quantitative characters used. Through the use of these
three independent character sets, Sekal and Sneath's
(1963) Hypothesis of Nonspecificity appears to be only
partially true. The resulting phenograms show only
a tendence toward similiarity.

Two species dominated the bryozoan fauna of the

Threeforks Formation, the trepostome Leptotrypella

pellucida Duncan, and Nicklesopora renzettiae n. so..

The fauna also includes two single specimens, a

cystoporate (Fistulipora sp.), and an indeterminate

rhylloporinid. The unabraded zoaria of Leptotrypella

and Nicklesopora invariably have very thin exozones,

suggesting that periodic burial by terrigenous muds
prevented the development of mature populations of

these bryozoans.
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INTRODUCTION

The purpose of this study is to introduce and examine
the relationships and information content of three
independently derived morphological character sets
in a stenolaemate bryozoan fauna. Secondly, a description
and discussion of the bryozoan fauna from seven localities
(Figure 1) in the Upper Devonian Threeforks Fermation
(Famennian) of southwestern Montana is based upon the
analysis of the morphological information.

The character sets used in this study were designed
to obtain information from as many aspects of a fossil
bryozoan skelton as possible, including shape, spatial
arrangement of individuals in the colony, measurements
of internal structures, and coding of nominal state
characters,

It is generally accepted now that Sokal and Sneath's
(1963) Hypothesis of Nonspecificity, is only partially
true (Sneath and Sokal, 1973). This hypothesis states
"there are no distinct large classes of genes affecting
exclusively one class of characters such as morphological,
physiological, or ethological, or affecting special regions
of the organism such as head, skeletoén, or leaves"

(Sokal and Smeath, 1963). The partial failure of this



Figure 1. Map showing location of the seven collecting
localities (exact locations in Table 1).
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4
hypothesis is accepted, although the extent of this

failure is subject to debate, Sokal and Sneath (1963)
suggested a possible test for the hypothesis of non-
specificity. 1If separate classifications could be formed
by the division of taxonomic characters into logically
independent sets, testing their degree of concordance
would test the theory of nonspecificity. This test may
shed more light on this problem. The search for new
descriptive characters and the evaluation of o0ld as well
as new characters within groups of organisms is essential
to provide a meaningful basis for numerical taxonomic
analysis. Because different parts of an organism carry
varying degrees of independent information, an R-mode
intercharacter analysis is necessary to understand this
distribution.

In most numerical taxonomic studies the investigator
is faced with several basic questions; how many characters
should be measured and which characters will provide the
most independent information? Generally the answer to
the former question is determined by the structural
complexity of the organism and the time and resources
of the investigator. Michener and Sokal (1966) stated
"The number of characters to be recordéd and used is
a problem in both orthodox and numerical taxonomy.
Further studies are badly needed to determine how many
characters are likely to be sufficient to satisfactorily

classify groups of various sizes." This problem remains
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unsolved and because it is not the object of this study,
it will not be treated further. The latter question
presupposes the existence and use of a large number of
taxonomic characters and methods of measurement. 1In
terms of provious bryozoan studies, such is not the case
and only a dozen or so measurements are generally used.
A8 noted by Oxnard (1969), numerical taxonomy is an
attempt to delineate mathematically, shape as a means
of classification. The more precisely Qe can define the
shape both internally and externally, the more taxonomic
information can be retrieved. Throckmorton (1968)
demonstrated that different taxonomic characters carry
different amounts of independent information. The use
of characters should be justified by R-mode analysis to
determine whether standard or newly introduced characters
contribute significant independent information. This l

study intends to focus on these questions.



MATERIAL

The fauna used in this study was collected from
seven localities in the trident member of the Threeforks
Formation (Upper Devonian) of southwestern Montana
(Figure 1). This formation extends from southwestern
and central Montana through southeastern Idaho., The
characteristic lithology is reddish and yellow brown
argillaceous shale with numerous lenticular beds of
greenish gray argillaceous limestone. The Threeforks
Formation is underlain by the Jefferson Formation,
(Middle Devonian) and overlain by the spongiostromated
bearing sandstone, and shale of the Sappington Formation
(Upper Devonian). The bio-stratigraphic position of
the Threeforks Formation is with the Scaphignathus

subserratus-Pelekysgnathus inclinatus conodont zone,

and the upper Polygnathus styriacus conodont zone of

the Upper Famennian Stage (Klapper, 1971).

The bryozoan fauna was collected from weathered
slopes, The general scarcity of good material necessitated
the use of purposeful sampling of as many weathered
exposures as were easily accessible in khe study area.
Additional specimens were obtained from the Renzetti
(1963) material, in the Paleontological Collections of

Indiana University.
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A sample of 134 specimens were sectioned using
standard sectioning techinques from the seven localities
collected, A severe limitation was placed on the amount
of material that could be sectioned and feasibly studied
because preservation was generally poor. Siderite and
pyrite replacement had occured to varying degrees in
nearly all material, making the zoaria brittle and
difficult to section. Many of the colonies have had
their axial areas bored out by other organisms (Plate 1,
Figure 7), resulting in crushing and varying degrees of
distortion of the zoaria during postdepositional compaction
of the sediments., Only 61 sectioned specimens were
suitable for study on the basis of their quality.
Unfortunately certain localities were better represented

than others by this method of selection (Table 1).



Table 1. Localities and Specimen Distribution, Indiana
University accession numbers,

1. Red Hill
NWz, Nw%, SE%, Sec. 22, T2N, R3W Jefferson Island Quad.
Montana.

Nicklesopora renzettiae: figured paratypes 6102-1, 6103-19,

6102-2, 6104-1; unfigured paratypes 6101-R, 6102-3R,
6103-1R, 6103-9, 6103-12, 6103-13R, 6103-24, 6103-32,
6103-47, 6103-48, 6103-49, 6103-50, 6101-R; unfigured
specimens 6102-2, 6103-15, 6103-19, 6103-31, 6103-33,
6103-36, 6103-38, 6103-42, 6105-15

Leptotrypella pellucida: figured hypotypes 6100-R,

6103-20, 6103-22R, 6103-43; unfigured hypotypes 6102-3,
6103-1, 6103-4, 6103-5, 6103-6, 6103-7, 6103-11, 6103-13,
6103-21, 6103-22, 6103-23, 6103-27, 6103-28, 6103-29,
6103-30, 6103-45; unfigured specimens 6102-1, 6102-4,
6103-3, 6103-2, 6103-8, 6103-10, 6103-14, 6103-16,
6103-18, 6103-25, 6103-26, 6103-34, 6103-37, 6103-39,
6103-40, 6103-41, 6103-46, 6103-48, 6105-33.

2. Mt, Doherty
Sec., 21, T2N, R2W Jefferson Island Quad. Montana,

Nicklesopora renzettiae: figured holotype 6107-1;

unfigured paratypes 6105-11, 6105-18, 6105-23,
6108-10, 6108-12; unfigured specimens 6104-1, 6104-2,



Table 1, Continued.

6105-3, 6105-4, 6105-6, 6105-8, 6105-17, 6105-20,
6105-25, 6105-27, 6105-29, 6105-31, 6105-34,
Leptotrypella pellucida: unfigured hypotypes 6105-1,

6105-9, 6105-12, 6105-13, 6105-14, 6105-19, 6105-21,
6105-22, 6105-24; unfigured specimens 6105-2, 6105-7,
6105-10, 6105-16, 6105-26, 6105-28, 6105-30, 6105-32,
6108-11,

3., Carmichael
Sec. 33, T1IN, R3W Jefferson Island Quad. Montana

Inadequate material for sectioning

4, Logan Gulch
SEz, Sec. 25 T2N, R2E Manhattan Quad. Montana

Nicklesopora renzettiae: figured paratype 6105-R;

unfigured specimens 6107-3, 6107-4.
Leptotrypella pellucida: unfigured hypotype 6107-2;

unfigured specimen 6107-1,
Phyloporinid: 6107-5. figured.

5. Nada Mine
SEz, Sec. 5, T4N, R1W Radersburg Quad. Montana

Nicklesopora renzettiae: unfigured paratype :6108-2,

Leptotrypella pellucida: unfigured hypotype 6108-1;

unfigured specimen 6108-3,



10

Table 1, Continued.

6. Horse Gulch
NW3, SWi, Sec. 6, TSN, R2W Devils Fence Quad. Montana

Leptotrypella pellucida: unfigured specimens 6109-1,

6109-2, 6109-3, 6109-4, 6109-5, 6109-6, 6109-7, 6109-10,
6109-11, 6109-12,

7. Milligan Canyon
SWi, NE%, Sec. 36, T2N, R1W Threeforks Quad. Montana

Nicklesopora renzettiae: unfigured paratypes 6111-3,

6111-4, 6110-1; unfigured specimens 6110-2, 6110-3,
6110-6, 6111-2,
Leptotrypella pellucida: figured hypotype 6110-9;

unfigured hypotype 6110-8; unfigured specimens 6110-4,
6110-5, 6110-10, 6110-11, 6111-1,
Fistulipora sp. figured 6110-7.




METHODS

Fourier Shape Analysis

The Fourier method of shape characterization
(harmonic analysis) was first developed and used in
studies of closed forms in geology by Ehrlich and
Weinberg (1970). Recently Anstey and Delmet (1972, 1973
), and Delmet and Anstey (1974) have demonstrated
applications of this method to the study of fossil,
tubular bryozoans. Descriptions of the underlying
mathematics and techniques are provided in the four
previously cited papers and Davis (1973). The important
aspect of this particular Fourier method is the
quantification of closed form shapes as a series of
independent harmonic amplitudes (Appendix 2).

Twenty, randomly selected, zooecial outlines from
the tangential section of each specimen were visually
centered and traced onto a starburst pattern. The star-
burst consisted of 48 equiangular lines radiating from
a center point at 7.5 degree intervals. The intersections
of the traced outline and the radiating lines of the
starburst pattern were automatically digitized and
punched in Cartesian coordinates. The punched coordinates
for the 20 outlines of each specimen were used as input

to program Fourier (Appendix 2). A zoarial mean and

11
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intrazoarial standard deviation for the harmonics
amplitudes 2-20 and the normalized roughness coefficient
were subsequently calculated from the 20 shape revnlicates
per goarium (zoarium = thin section). The roughness
coefficient is the square root of one half the sum of

the squared normalized Fourier coefficients (Ehrlich

and Weinberg, 1970). In calculating the roughness
coefficient, all Fourier amplitudes are normalized by
dividing each value by its overall mean in the entire
sample,

Quantitative Measurements

Thirteen quantitative characters were randomly
and repetitively measured 20 times in each speimen,
nine of these measures are shown in ( Figure 2).
These characters include several that are commonly used
by bryozoan taxonomists, as for example, those used by
Cuffey (1967). Measurements were made on a projected
image of the slide on a horizontal screen. Means and
intrazoarial standard deviations of the 20 replicates
per character per specimen were calculated and punched
onto cards for later analysis., Mean radius is the
average length of the 48 radial lines from the calculated
center of gravity to the zooecial margin for each zooecial
shape., The mean and standard deviation of the mean radius
were calculated for each section.

Included in the quantitative data was the calculation
of the nearest neighbor statistic. This statistic,
developed by Clark and Evans (1954) in plant ecology,
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Figure 2. Diagrammatic illustration of Non-Feurier
quantitative characters measured.
A. Characters measured in tangential section;
DA, diameter of acanthopores; ZWT, zooecial
wall thickness; APZ, acanthopores per
zooecium,
B, C. Characters measured in longitudinal
section; AN, angle at which zooecial tubes
meet surface of colony; DLC, depth of living
chamber (mm); NDPR, number of diaphrams in
axial region per 2.5 mm., distance; DAR, diameter
of endozone (mm); TMR, thickness of exozone (mm).
See table 2 for discription of quantitative

and Fourier shape characters.
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Table 2. Fourier shape and standard quantitative characters,
all means and standard deviations are based on
20 random measurements per colony, see appendix
3 for raw data of the 61 specimens studied.

ZRM Zooecial Radius, Mean (mm)
ZRS Zooecial Radius, Standard Deviation
ZWTM Zooecial Wall thickness, Mean (mm)

ZWTS Zooecial Wall Thickness, Standard Deviation

APZM Number of Acanthopores per Zooecium Mean (mm)
APZS Number of Acanthopores per Zooecium, Standard
Deviation

TMRM Thickness of Exozone, Mean (mm)
TMRS Thickness of Exozone, Standard Deviation
DARM Djameter of Endozone, Mean (mm)
DARS Diameter of Endozone, Standard Deviation

ANM Angle at which Zooecial Tubes meet Surface of
Colony, Mean (degrees)

ANS Angle at which Zooecial Tubes meet Surface of
Colony, Standard Deviation

NDPRM Number of Diaphragms in the Exozone, Mean

NDPRS Number of Diaphragms in the Exozone, Standard
Deviation

NDARM Number of Diaphragms in the Endozone per 2.5 mm
Distance, Mean

NDARS Number of Djaphragms in the Endozone per 2.5 mm
Distance, Srandard Deviation

DLCM Depth of Living Chamber, Mean (mm)
DLCS Depth of Living Chamber, Standard Deviation
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Table 2, Continued.

DaM
DAS
AREAM
AREAS

NNS

Diameter of Acanthopores, Mean (mm)
Diameter of Acanthopores, Standard Deviation
Interzooecial Surface Area per cubic mm, Mean

Interzooecial Syrface Area per cubic mm, Standard
Deviation

Nearest Neighbor Statistic

HM2 to HM20 - Harmonic Mean 2 through Harmonic Mean 20

HS2 to HS20 - Harmonic Standard Deviation 2 through

RCM
RC3

Harmonic Standard Deviation 20
Roughness Coefficient, Mean

Roughness Coefficient, Standard Deviation
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was used to quantify the spatial arrangement of zooecia
in the colony. A randomly selected location on the
tangential section was projected onto a horizontal screen.
The center points of all neighboring zooecia were visually
located and marked, to attain a standard sample size of
33 in a roughly circular area. A noncircular sample
area would strongly bias the result. The spatial patterns
of the zooecial centers for each specimen were digitized
and punched in Cartesian coordinates. The nearest
neighbor statistic was calculated from these data by
the NABOR module of the GEOSYS package (Wittick, 1973).
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Interzooecial Surface Area

20o0ecial tubes in the mature region of a colony can
be thought of as a series of dispersed particles or
empty volumes in a matrix of skeletal material. The
surface area of zooecial walls to skeletal volume can
be quantified by the following equation: SV = 4N1
(mm2 / mm3). The surface area per cubic mm is equal
to four times the number of zooecial tubes to skeletal
wall intersections in a random 1 mm line in tangential
section (N1). This method is discussed in detail by
Underwood (1970). This method provides an absolute
measure of surface area only for randomly oriented
sections., Because tangential sections are not random
in orientation, the measurement is only relative, but
serves as a compariative statistic. The intersects for
each of the 20 random 1 mm lines were counted and averaged.

This average number of intersections was used to calculate

the surface area per cubic mm for each specimen.

Binary Characters

Fifty-three binary characters (Table 3) were choosen
from a 1list of 150 binary characters used by Eftaxiadis
(1973). Characters were scored one for positive and
zero for negative statement responses, The characters

not used were redundant in all of the Threeforks material,
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Table 3. Binary characters taken from Eftaxiadis (1973),
characters were scored one for positive
response and zero for negative response, see
Appendix 3 for raw binary data values for the
61 specimens studied.

I. Characters of Zoarial Growth

A. Budding Patterns

1,

2.

Zooecia
to long

Zooecia
to long

Budding
base of

arranged in longtdinal rows, parallel
axis of zoarium.

arranged in diagonal rows, oblique
axis of zoarium.

of new zooecia mostly limited to
colony.

Intercalated budding particularly prominent
in vicinity of endozone-exozone boundary.

Zoarial

growth characterized by numerous

rejuvenated zones (recurrent mature zones)
of zones of iterative budding, commonly
containing brown bodies just posterior to
plane of rejuvenation.

B. Nonzooidal Colony Structures

7. Longitudinal ranges of zooecia separated by
continuous dark line in wall.

8. Dark lines in wall forming unbroken polygons
around each zooecial aperture.

II. Characters Observable in Tangential Section

A. 2Zooecial Apertural COutlines

9. Circular or elliptical to subpolygonal,
having rounded corners.

10. Polygonal, having angular corners.
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Table 3., Continued.

11,
12,
13.
14,

More elongate than equidimensional,
Rhombic or quadrate.
Pentagonal or hexagonal.

Invaginated, having a kidney, peanut or
dumbbell shape.

Zooecial Size and Spacing

15.

16.

17.

18.

19.

Maximum intermacular diameter generally
greater than 0.15 mm,

Maximum intermacular diameter generally
greater than 0.20 mm.

Maximum intermacular diameter generally
greater than 0.25 mm.

Minimum intermacular diameter generally
greater than 0.20 mm,

Maximum interzooecial distance generally
greater than one zooecial diameter,

Wall Structure

20,

21.

22,

23.

Dark divisional 1line in wall in thick-walled
areas between adjacent zooecial apertures.

Wall amalgamate, having bread nonlaminated
central area in wall in thick-walled areas
between ad jacent zooecial apertures,

Apertural walls lined by sharply differentiated
peristome or cingulum,

Maximum wall thickness between adjacent
zooecial apertures generally greater than
0.04 mm,

Intrazooecial Structures

25,

Single cystiphragms or curved diaphragms
very large, generally constricting more
than one third of zooecial aperture.



Table 3,

E.

21

Continued.

Acanthopores

26,

27.

28,

29.

30.

31.

32,

33.

Small dark spots observable at junction
angles of intergrated walled zooecial apertures,

Acanthopores of junction angles of most
adjacent zooecial apertures.

Acanthopores numerous, ringing zooecial
apertures.

Centered acanthopores common along zooecial
walls,

Acanthopores differentiated into two
distinct size classes (endacanthopores

and exacanthopores, or magacanthopores and
micracanthopores).

Lumen diameter generally greater than
one-half acanthopore diameter,

Generally more than two acanthopores associated
with each zooecial aperture,

Acanthopore diameter (of larger class if
bimodal) generally greater than 0.03 mm.

III. Characters Observable in Longitudinal Section

A.

B.

Zooecial Geometry

34.
35.

36.

Zooecia in exozone inclined at less than
60 degrees to zoarial surface,

Zooecia displaying conspicuous bend at
endozone-exozone boundary.

Zooecia in overgrowth layers displaying
short recumbent endozone.

Wall Structure

37.
38,

39.

Zooecial walls crenulated  in endozone,

Zooecial walls granular appearing, may be
poorly laminated locally.

Wall laminae sharply arched, resembling
inverted V's, not broadly convex outward
(as seen in thick-walled regions of monilae).



Table 3.

C.

D.
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Continued.

40.

41,

42,

43.

44,

45.

Zooecial walls generally amalgamate, lacking
divisional 1line.

Amalgamate wall structure, area of central
flexure broad with respect to total wall
thickness,

Amalgamate wall structure, portions of wall
laminae vparallel to zooecial length
extending posteriorly for a distance greater
than one zooecial diameter.

Diaphragm laminae continuous across two or
more adjacent mesopores or zooecia, represent-
ing an unconformity in laminar deposition.

Zones of wall laminae separated anteriorly
and posteriorly by growth unconformities,

the laminae of which do not pass into any

diaphragms.

Diaphragm (or cystiphragm or hemiphragm)
laminae forming lining inside zooecial walls
passing upward beneath one or more diaphragms
and merging anteriorly with mural laminae,
producing a structure resembling a stack of
nested tumblers.,

Diaphragms

417.

48.

49,

50.

51.

52,

Diaphragms present in endozonal portions of
most zooecia,

Distance between successive diaphragms in
exozone generally less than one zooecial
diameter,

Depth of living chamber generally greater
than one zooecial diameter.,

Most diaphragms oriented obliquely to
zooecial walls,

Most diaphragms slightly curved, concave
outward.

Most diaphragms slightly curved, convex
outward.

Cystiphragms

53.

Cystiphragms present in most zooecia in
exozone,



DATA ANALYSIS

Fisher's exact probability (Siegel, 1956) was
calculated for all possible 2X2 contingency tables for
the 53 binary characters, thus generating an R-mode
probability matrix. Unlike'X? approximation values,
Fisher's values are exact measures of the probability
of dependence of one character state on the other,

( Appendix 1 provides a listing of Fisher's exact
probability program DMAT ) This R-mode probability
matrix was clustefed by means of Bonham-Carter's (1967)
CLUST3 program using the weighted pair-group average
linkage method. The resulting dendrogram (Figure 3)

was the basis for the final selection of the twenty
most independent binary characters to be used in the
final Q-mode analysis. The 0.38 level of Fisher's

exact probability of association was arbitrarily
selected as the cutoff level for independent characters,
because that level reduced the data to 20 characters,
The 1limit of 20 binary characters for the final analysis
was determined by a initial R-mode principal components
analysis using the Fisher matrix as input to the

FACTOR program of the SPSS package with PA1 and VARIMAX

options (Nie, Bent, and Hull 1970), which extracted

23



24

Figure 3. R-mode dendrogram of Fisher's exact probability
of the 53 initial binary characters; the 0.38
level of probability was used as level of
character selection. Characters 10 and 29
were dropped from further analysis. These
two characters correlated at a zero of a
one level with other characters in an off
diagonal position in the initial R-mode
analysis of rfarks' CLUST6 program. This
program will not execute with a zero of one
in an off diagonal position. The 20 characters
selected at the 0.38 level of probability

are indicated by an apostrophe,.
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20 rotated princinal components that collectively
accounted for 82.0 percent of the total variance.

The standard quantitative and Fourier shape characters
were subjected to an R-mode principal components analysis.
This analysis was carried out by means of vrogram FACTCR
using PA1 and VARIMAX rotation options (Nie, Bent,
and Hull, 1970). Fifteen rotated principal components
accounted for 86.3 percent of the total variance. The
variable showing the highest loading on each component
was chosen as the best representative of that component
axis, These 15 variables represent the 15 sources of
information closest to the rotated components., These
15 variables were converted to logarithms for the final
R- and Q-mode analysis. The data were converted in order
to approximate better the logarithmic growth pattern
of these organisms. These 15 variables included six
Fourier shape, and nine quantitative variables (Table 4
).

The final analysis using :rarks' (1970) CLUST6
orogram with all options set to default values was
carried out using the 20 binary characters, six
Fourier harmonics, and nine quantitative non-Fourier
characters, both independently and in combination.
CLUST6 is a program designed for use with mixed
qualitative and or quantitative data, which uses
simple distance as a measure of association. This

program first normalizes all data to a 1.0 scale,
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Table 4, Initial R-mode principal components results
on quantitative and Fourier shape characters.

p.c.' E.2 P.V.> c.p.? V.H.L.P.C.>

1 25.10327 44.0 44.0 HM8

2 5,21582 9.2 53,2 HM18
3 2.86882 5.0 58, 2 TMRS
4 2.26567 4.0 62.2 HS15
5 2.05877 3.6 65.8 RCS

6 1.79911 3.2 69.0 NNS

7 1.59421 2.8 71.8 ANM

8 1.47802 2.6 74.4 NDARM
9 1.24979 2.2 76.6 NDARS
10 1,08057 1.9 78.4 ZWTS
11 1,02140 1.8 80.2 ZRS
12 .94752 1.7 81.9 HS 2
13 .90617 1.6 83.5 DARS
14 .83662 1.5 85.0 RCM
15 .76730 1.3 86.3 AREAS

1. Principal component

2. Eigenvalue

3, Percent of variance explained

4, Cumulative percent of variance explained

5. Variable with highest loading on principal component
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It then performs an R-mode principal components analysis
on the data, and extracts the principal components
which explain 80. percent or more of the variation in
the data provided. Factor loadings are calculated and
used to convert the original data to orthogonal
coordinate values., A final Q-mode cluster analysis
using unwieghted pair group average linkage method
is carried out using principal component values generated
in the R-mode analysis. The results of the Q-mode
cluster analysis are then displayed on a line printer

generated dendrogram.



R-MODE RESULTS

Twenty binary characters were chosen from the
initial 53 as representing the most independent sources
of variation (Figure 3).

The SPSS R-mode princivnal components analysis on
the combined quantitative and Fourier shape data sets
indicated that the shape characters loaded significantly
higher on the first two components than the non-Fourier
quantitative characters., Harmonic means three through
16 collectively loaded on the first component at a high
level. The standard deviations of harmonics four through
14 also loaded on the first component at a high level.
Variable HM8 had the highest laoding on component one.
All other variables loaded with significantly lower
values, The second factor was closest to the higher
harmonics and their standard deviations, Harmonic means
17 through 20 and harmonic standard deviations 15 through
20 loaded on principal component two at a high level.
Harmonic mean 18 had the highest loading on principal
component two. All other variables had significantly
lower loading. Principal components three through 15
were characterized by single characters loading at very
high values on each, with all others loaded at very low

values (Table 4).

29
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Parks' CLUST6 program was also used with the six

independent Fourier shape variables alone. Two principal
components were extracted in the initial R-mode analysis.
All variables Zoaded on the first principal component

at high levels (Table 5). Variable RCM had the highest
loading on component two. The resulting phenogram was
thus based on two non-Fourier quantitative variables,

and six shape variables (Figure 4).

Three principal components were extracted from
the initial R-mode analysis using Park's CLUST6 program
on the quantitative character set (Table 6), Variable
ZRS loaded the highest on principal component one, All
other variables loaded at significantly lower values.
Variable NDARM loaded significantly on principal component
two. Only variable AREAS loaded on principal comvoonent
three at a significant level.

Nine principal components were extracted from the
20 binary characters. These nine principal components
explained 80,553 percent of the variation (Table 7).

The final CLUST6 analysis incorporated all the
characters previously used in the first three analyses,
This combined analysis used 35 binary and continuous
variables., Nine principal components were generated
which explained 79.34 percent of the variation observed
in the data (Table 8).

The shape characters and most of the standard
quantitative characters loaded at a very high level

on the first principal component (Table 5)., This
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Table 5. -rincipal component loadings for Fourier shape
characters (CLUST6é Program), total percent
of variance explained by the two components
is 84.829 percent.

Character Component 1 Component 2
HM8 0.853 -0.382
HM18 0.912 -0.146
HS2 0.868 0.271
HS15 0.898 -0.236
RCM 0.833 0.404
RCS 0.898 0.111

Eigenvalues 4,619 0.471

Percent of
Variance Explained 76.978 7.851
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Table 6. ZrPrincipal component loadings for quantitative
character set (CLUST6 Program), total percent
of variance explained by the three components
is 81.826 percent.

Character Component 1 Component 2 Component 3
ZRS 0.858 -0.092 -0.004
ZWTS 0.858 0.03%4 0.229
TMRS 0.793 -0.393 -0.223
DARS 0.814 -0.335 -0.197
ANM 0.765 0.497 0.084
NDARM 0.729 0.576 -0.003
NDARS 0.713 0.483 -0.313
AREAS 0.817 -0.209 0.335
NNS 0.762 -0.446 -0.037

Eigenvalues 5.638 1.330 0.397

Percent of
Variance Explained 62,640 14.778 4,408
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2, HM13B;
28; 25, 31;
43; 31, 45;

24,
30,

Character 1, HMS8;
5, RCM; 6, RCS; 7, ZRS; 8, ZWTS;
52.

quantitative and binary
35,

character sets for initial R-mode analysis of

Park's CLUST6 program.

3, HS2;

11, ANM; 12, NDARM; 13, NDARS;
34, 51;

10, DARS;
21, 18; 22, 23%; 23, 25;

4, HS1S;

14, AREAS; 15, NNS; 16, 9; 17, 11; 18, 13; 19, 16;
33, 49;

Principle component loading of combined character
20, 17;

sets Fourier shape,

9, TMRS;

26, 32; 27, 34; 28, 35; 29, 42;
32, 48;

Table 8.
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principal component accounts for 47.365 percent of the
observed variance in the data. Blackith and Reyment
(1971) noted that the first principal oomponent often
represents size variation of a growth vector. In this
study characters which are accepted as controlled by
growth, such as thickness of the mature region and
number of diaphragms per unit area loaded at very

high levels on the first factor. This would tend to
confirm the idea that the first principal component
generally represnets a growth vector. Because the loading
of the Fourier shape variables are generally larger

than the standard quantitative characters, these shave
variables must be to a large extent controlled by growth,
Binary characters, on the other hand, are far less
sensitive to this source of variation due to their
nominal level of measurement., These characters dominate
principal components two through nine,

Oxnard (1969) stated, "The mathematical delineation
of shape has frequently been aimed at problems of
classification; some of the most recent attempts have
been described as numerical taxonomy by Sokal and Sneath,"
Quantitative measurements are commonly used as a crude
attempt at the description of the internal and external
structure of the organism being studied. As noted by
Oxnard, "The shape of a biological specimen may be

represented by a series of measurements of different
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kinds taken on the specimen." The Fourier shape analysis
provides an exact description of shape. This description
represents an advancement over the use of one or two
measures of length or width as a measure of shape.

The degree and rate of astogenetic variation of
different species may be as dfagnostic as the measures
of characters free from such variation. Blackith and
Reyment (1971) have péinted out that astogenetic variation
differs from one species to another, This variation is
thought to be a product of both genetic and envirommental
influence., A combined influence of these factors makes
the interpretation of variation in widely scattered
localities representing substantially different
environments difficult. 1In this study a generally
uniform lithology points to an environment in which
genetic influences might possibly outweigh environmental
ones.

The importance of intracolonial variation is in-
dicated by the large proportion of standard deviations
that were better measures of the rotated components than
the means. Nine of the 15 Fourier shape and quantitative
characters 8o chosen were standard deviations or measures
of localized intra-colony variation.

The nearest neighbor statistic loaded significantly
on both principal components one and three, and thus

contribute significantly independent information. Clark
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and Evans (1954) pointed out that the pattern of distribution

of a population of vlants or of animals is a fundamental
characteristic of that population. Inasmuch as a

colony can be treated as a collection of individuals
with varying degrees of interdependence, the pattern of
distribution of the individuals, in the case of this
study, the zooids, should also be of fundamental
importance. The only apparent control on the spatial
pattern of distribution is the degree of budding. This
pattern is spatially controlled, as demonstrated by
Anstey and Pachut (1974) in Amplexopora filiasa.

"The distributions exhibited by populations of living
organisms in ‘their natural environments include an
almost infinite variety of patterns" (Clark and Evans,
1954)., Such a variety of spatial budding patterns are
certain to exist in colonial organisms, especially the
ectoprocts,

The standard deviation of interzooecial surface area
(Underwqod, 1970), also contributed independent information.
This character also appears to be controlled by the
budding pattern. In this study the variance of the
characters measured in the exozone of the zoarium appear
to be controlled by the budding pattern. The budding

of Leptotrypella pellucida for the most part takes

place in the exozone. This budding leads to a wide range
of zooecial sizes and shapes at the surface and sub-
sequently to large degrees of variation for all characters

measured in this region. In Nicklesopora renzettiae n.

sp. budding generally occurs in the endozone and zooecia
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at the surface are for the most part ontogenetically
uniform. Such uniformity leads to lower standzard
deviations and more consistent spatial patterns and
surface area per unit volume. This difference explains
the greater information content of most standard
deviations in comparison with their associated means.
Further studies are needed to determine if this
discrimination holds true at lower, more similar

taxonomic levels,



Q-MODE RESULTS

The taxonomic placement of the specimens was
based on comparison with oreviously published literature
(Tables 14, 15, and 21), The two species were sufficiently
distinct to make visual sorting easy and reliable.
The two species clusters were constructed so as to
minimize misclassifications. The number of misclass-
ifications was determined by counting the number of
OTU's (Operational Taxonomic Units) of one species found
in the other species' cluster. The phenograms generated
from the three character sets, (shape, quantitative,
and binary) (Figure 4, 5, 6, 7), indicate that the
binary character set provided the best phenogram on
the basis of the fewest misclassifications. The Fourier
shape character set provided nearly as good a phenogram,
while the quantitative character set provided the worst
phenogram. The same OTU misclassifications are not
always present in any two of the character set generated
phengorams, and never in all three basic phenograms.
Each of these sets provide a certain amount of independent
information.

One can not say exactly how much unique information

t8 being carried by each character set. It has been

39
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Figure 4. Phenogram based on six Fourier shape variables;
HM8, HM18, HS2, HS15, RCM, RCS; ten mis-
classifications vresent in phenogram, asterisks
indicate misclassifications; see Table 1 for

explanation of character abbreviations.

Asterisk indicates specimen clustered in

the wrong group, or is misclassified.
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Figure 5.

42

+henogram based on nine quantitative variables;
TMRS, NNS, ANM, NDARM, NDARS, ZWTS, ZRS, DARS,
AREAS; 15 misclassifications present in phenogram,
asterisks indicate misclassifications; see

Table 1 for explanation of character abbreviations.
Asterisk indicates specimen clustered in

the wrong group (misclassified).
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Figure 6. -henogram based on 20 binary characters;
9, 11, 13, 16, 17, 18, 23, 25, 28, 31, 32,
34, 35, 42, 43, 45, 48, 49, 51, 52; nine
misclassifications present in phenogram;
asterisks indicate misclassifications; see

Table 1 for explanation of character abbreviations.
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Figure 7. Phenogram based on combined set of characters,
Fourier shape, quatitative, and binary character
sets; five misclassificationé present in

phenogram; asterisks indicate misclassifications.
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demonstrated that the standard quantitative character
set does not provide as much independent information
as the other two sets, As seen in Figures 4, 5, and 6
the quantitative character based phenograms generate
no clear boundary between the two species, whereas
the other two basic phenograms demonstrate a somewhat
shaprer break between the two species,

In the case of the binary character set, the larger
amount of independent information retrieved can be
accounted for by the larger number of characters
measured. This large number of characters makes up
for the information loss due to the nominal level
of measurement as opposed to the ratio level of the
quantitative and Fourier shape character sets,

The larger amount of independent information
retrieved by the Fourier shape character set can be
attributed to its greater accuracy of mathematical
description of the zooecial shape. The failure of the
standard quantitative character set to provide a
comparable classification of the studied OTU's appears
to be due to the lesser ability, accuracy and number of
these characters to describe the skeletal shapes both
internally and externally. As expected, the combined
character sets provided a substantially better phenogram.
Sneath and Sokal (1973) suggest the use of all possible
characters, and indeed this study indicates that the
greater the number of characters used, the better the

resulting phenograms,



THE THREEFORKS BRYOZOAN FAUNA

Paleoecology

The bryozoan fauna of the Threeforks Formation is
characterized by juvenile forms, which lack well developed
exozones., Zoaria are generally small and ramose, The
predominatly shaley lithology indicated deposition of
large amounts of terrigenous muds., The sporadic deposition
of muds apparently prevented the growth of fully mature
bryozoan colonies.

The two species Leptotrypella pellucida Duncan, and

Nicklesopora renzettiae n, sp. dominate the fauna of

the Threeforks Fermation. These two species, although
widely separated by systematists, are merphologically
quite similar in external form. This suggest functional
morphological selection of these zoarial forms, As
suggested by the abundance of juvenile zoaria, the
environment was one of stress leading to a large
environmentally induced change in skeletal morphology,
which probably brought about convergence of gross

colony form in divergent taxa.
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Systematic Paleontology
Phylum Ectoprocta Nitsche, 1869
Superclass Tubulobryozoa Cuffey, 1973
Class Stenolaemata Borg, 1926
Subclass Curtaulata Cuffey, 1973
Order Cryptostomida Vine, 1883
Suborder Habrovirgatina Cuffey, 1973
Infraorder Rhabdomesita Astrova and Morozova, 1956
Family Rhabdomesidae Vine, 1883

Genus Nicklesopora Bassler, 1952

Type species.-Nicklesopora elegantula (Ulrich), 1882

Nicklesopora renzettiae n, 8p.

rl. 1, figs. 1-7

pl. 2, figs. 1-5
Diagnosis- Zoarium ramose, low monticules, generally
4 mm apart, composed of larger gooecia. In longitudinal
section, endozonal walls uncrenulated diverge gently
outward, abruptly thickening at base of exozone, numerous
well defined simple diaphragms in endozone. Well developed
superior hemisepta; inferior hemisepta present.
B-acanthopores observable in thickened exozonal walls
as series of pustule like grains. In tangential section,
zooecia thick walled, generally ovate, surrounded by
single row of poorly defined small B-acanthopores centered
on walls, forming polygonal zooecial outlines,
Description- Qualitative and gquantitative characters

given in tables 9-13.
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Discussion- Dye to the confused status of the genus

Rhombopora, and Nicklesopora, generic placement of the

Threeforks taxa was carried out by compariosns of the
type species of each genus with the Threeforks material

(Table 14). Nicklesopora renzettiae is compared with

named species of Nicklesopora in (Table 15). Nicklesopora

renzettiae is most similar to N. elegantula (Ulrich),

the type species of the genus, but differs in having
superior and inferior hemisepta, and well developed
numerous diaphragms in the axial region. In the descrintion

of N. elegantula, Ulrich (1884, p. 33) stated, "... it

seems quite certian that an occasional diaphragm crosses
the tubes in the axial region, but as they are not sharply
defined in my sections, and might not really be such
structures, I have not allowed them to avpear in the
figure." The presenee of axial diaphragms in the type

species remains in doubt but Njcklesopora renzettiae has

well defined and numerous axial diaphragms which are

very distinct; Nicklesopora has not previously been

reported from the Devonian.

Origin of name- Njcklesopora renzettiae is named after

Dr. Phyllis Renzetti for her unpublished study of the
Threeforks fauna #n 1963, Through the recollections of

Dr, Renzetti's localities and the use of material previously
collected by her, this study was made possible.

Type specimens- Holotype: 6107-1
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Paratypes; Pigured, 6102-1, 6102-2, 6103-19, 6104-1,
6105-R. Unfigured, 6101-R, 6102-3R, 6103-1R, 6103-9,
6103-12, 6103-13R, 6103-24, 6103-32, 6103-47, 6103-48,
6103-49, 6103-50, 6106-R, 6105-11, 6105-18, 6105-23,
6108-10, 6108-12, 6108-2, 6111-3, 6111-4, 6110Q-1.
Suborder Fenestrina Elias and Condra, 1957
Family Phylloporinidae

Genus Indeterminate
plo 3, figso 7-8

Diagnosis- Zoaria composed of anastomosing branches with
four rows of avertures on celluliferous side and none on
back. Zooecia and fenestrules sharply ovate in outline.
Fenestrule mean length 1.75 mm; mean width of 1.00 mm;
branches average 0.35 mm wide; zooecial apertures 0,1 mm
x 0.04 mm,

Remarks- Only one specimen of this taxon was found. This
is the first reported occurence of a phylloporinid of
Devonian age, This specimen closely resembles the genera

Cariniphylloporina and Phylloporina but lacks hexagonal

fenestrules and a sharp keel in compariosn with the

former, and lacks observable mesopores and possesses elongate
zooecia which are strongly diagonally aligned in contrast

to the.latter. Therefore, this specimen possibly belongs

to a new genus. This specimen was collected from locality

four.
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Subclass Leptaulata Cuffey, 1973
Infraclass Expletocystata Cuffey, 1973
Order Expletocystida Cuffey, 1973
Suborder Trepostomina Ulrich, 1882
Family Heterotrypidae Ulrich, 1890

Genus Leptotrypella Vinassa de Regny, 1920

Subgenus Leptotrypella Vinassa de Regny emend. Boardman

Type species Leptotryvella barrandei (Nicholson), 1874

Leptotrypella pellucida Duncan, 1939

pl. 4, figs. 1-6

pl. 5, figs. 1-5
Diagnosis~- Zoarium ramose, monticles average 3 mm apart,
walls thin, crenulate with complete simple diaphragms in
axial region. Wwalls thin to moderately thick, thickening
slightly irregular in peripheral region. Numerous
complete simple diapvhragms. Mesopores absent; occasicnally
small zooecia present. A-acanthopores occasionally
present, zooecial subpolygonal to subcircular.
Description- Qualitative and quantitative characters
given in tables 16-20.
Remarks- This taxon agrees with Duncan's L. pellucida in
all respects (Table 21) except in length of mature zone,
axial ratio and substantially larger size of zooecia.
Because of the very narrow mature region and high axial
ratio, this material probably represents astogenetically

younger stages of Duncan's L. pellucida.
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Hypotypes Figured, 6100-R, 6103-20, 6103-22, 6103-43,
6110-9, Unfigured, 6102-3, 6103-1, 6103-4, 6103-5,
6103-6, 6103-7, 6103-11, 6103-13, 6103-21, 6103-22,
6103-23, 6103-27, 6103-28, 6103-29, 6103-30, 6103-45,
6105-1, 6105-9, 6105-12, 6105-13, 6105-14, 6105-19,
6105-21, 6105-22, 6105-24, 6107-2, 6107-5, 6108-1,
6110-8,

Suborder Cystoporina Astrova, 1964
Family Fistuliporidae Ulrich, 1882

Genus Fistulipora McCoy, 1850

Type species.- Fistulipora minor McCoy

pl. 3, figs., 1-6
Diagnosis- Zoarium lamellate, well developed lunaria
projected into zooecial chamber almost appearing trilobate
in cross section. Three to four upright series of
vesicular material between zooecia, mean redius of
zooecia 0,26 mm, mean distance between zooecia, 0.21 mm
diaphrams average one zooecial width apart. This zoarial
fragment measured 1.0 cm x 1.7 cm x 0.4 cm, and was
collected from locality number six.
Remarks- Depending upon generic revision of fistuliporids,
this specimen conforms in all respects to the genus

Dybowskiella, and could be assigned to that genus pending

clarification of the concepts of Fistulioora, Dybowskiella,

and Cyclotrypa.
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Table 9. Nicklesopora renzettiae n. sp. binary character
frequences for 28 colonies.

Frequency of Frequency of

Character positive character Character positive char.
(Table 3) states states
(percent of all zoaria) (percent of
all zoaria)
1 13.8 19 6.9

2 86,2 20 3.4

3 0.0 21 96.6

4 3.4 22 10.3

5 96.6 23 86.2

6 3.4 25 10.3

7 0.0 26 3.4

8 0.0 27 10.3

9 96.6 28 65.5

10 3.4 29 65.5

11 89.7 30 20.7

12 3.4 31 69.0

13 13.8 32 58.6

14 0.0 33 13.8

15 96.6 34 31.0

16 58.6 35 62.1

17 27.6 36 0.0

18 17.2 37 3.4



Table 9.
38
39
40
41
42
43
44
45

Continued,
3.4
93.1
89.7
10.3
17.2
6.9
3.4
58.6
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47
48
49
50
51
52
53

93.1
51.7
86.2
96.6
58.6
41.4

3.4
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Table 10. Nicklesopora renzettiae n. sp. means of
quantitative character data, means based on
28 colonies of N, renzettiae.

Character Mean Standard Deviation Minimum Maximum

ZRM 0.111 0.023 0.072 0.166
ZWTM 0.229 0.078 0.054 0.423
APZIM 16.860 11.783 0.0 38.200
TMRM 0.294 0.173 0.070 0.607
DARM 4.027 1.565 1.488 6.943
ANM 79.389 17.880 9.00 90.00
NDPRM  0.716 1.660 0.0 5.8
NDARM 2,324 0.939 0.0 4.0
DLCM 0.357 0.153 0.103 0.685
DAM 0.020 0.015 0.0 0.083
AREAM 19,263 4.340 10.11 29,800

NNS 0.841 0.142 0.651 1.449
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Table 11. Nicklesopora renzettiae n. sp. standard
deviations of quantitative character data,
represents mean of 28 colony standard deviat-
ions.

Character Mean Standard Deviation Minimum Maximum

ZRS 0.014 0.004 0.006 0.023
ZWTS 0.042 0.016 0.001 0.077
APZS 4.273 2,829 0.0 10.89

TMRS 0.046 0.039 0.011 0.156
DARS 0.195 0.192 0.035 0.883
ANS 3.093 3.576 0.0 13.39

NDPRS 0.116 0.305 0.0 1.056
NDARS 0.576 0.257 0.0 1.005
DLCS 0.074 0.065 0.011 0.333
DAS 0.006 0.008 0.0 0.043

AREAS 1.461 0.242 1.046 1.963
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Table 12, Nicklesopora renzettiae n, sp. Fourier
Harmonic Means data statistics, based on
28 colonies,

Character Mean Standard Deviation Minimum Maximum

HM2 0.184 0.046 0.106 0.300
HM3 0.410 0.011 0.021 0.066
HM4 0.036 0.013 0.015 0.072
HMS 0.018 0.007 0.008 0.040
HM6 0.013 0.005 0.007 0.024
HM7 0.008 0.004 0.005 0.019
HM8 0.006 0.003 0.004 0.015
HM9 0.005 0.002 0,003 0.012
HM10 0.004 0.001 0.002 0.009
HM11 0.003 0,001 0.002 0.005
HM12 0.003 0.001 0.002 0.006
HM13 0.002 0.001 0.002 0.005
HM14 0.002 0,001 0.001 0,004
HM15 0.002 0.001 0.001 0.004
HM16 0.002 0.000 0.001 0,002
HM17 0.001 0.000 0,001 0.003
HM18 0.001 0.000 0,001 0,002
HM19 0.001 0.000 0.001 0.002
HM20 0.001 0.000 0.001 0.001

RCM 3.417 0.037 3.324 3.506




60

Table 13. Nicklesopora renzettiae n. sp. Fourier
Harmonic standard deviation data statistics,
based on 28 colonies,

Character Mean Standard Deviation Minimum Maximum

HS?2 0.063 0.016 0.040 0.102
HS3 0.023 0.008 0.013 0.042
HS4 0:018 0.007 0.007 0.033
HSS 0.010 0.004 0.004 0.019
HS6 0.007 0.003 0.003 0.014
HS7 0.005 0.002 0.002 0.011
HS8 0.003 0.002 0.002 0.007
HS9 0.003 0.001 0.001 0.006
HS10 0.002 0.001 0.001 0.004
HS11 0.002 0.001 0.001 0.003
HS12 0.001 0.000 0.001 0.003
HS13 0.001 0.000 0.001 0.003
HS14 0.001 0.000 0.001 0.002
HS15 0.001 0.000 0.001 0.002
HS16 0.001 0.000 0.001 0.002
HS17 0.001 0.000 0.001 0.001
HS18 0.001 0.000 0,000 0.001
HS19 0.001 0.000 0.000 0.001
HS20 0.000 0.000 0.000 0.001

RCS 0.740 0.302 0.302 1.723

T,
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Nicklesopora and Rhombopora with Nicklesopora

Table 14, Comparison of the type species of the genera
renzettiae.
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5.
6.

7.
8.
9.
10,

11,
12,
13.
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Table 15. Comparison of Nicklesopora renzettiae n. sp.

with all previously described svecies of
the genus Nicklesopora.

/7] (]
ot ot
[} /7] [
3 o a « & &
Characters K & s g 3 e
8§ % H: o &
[)] + o} & o] %]
~ Lal [y A E [\ [
olwn v 0 A ~w zl®
(%] ] 17} o « [}
- C - O « O o C e« O « O
=z o =z m = =z O =z x =z x
Number of character matches
with N. renzettiae 5 6 4 5 6 6
zooecial openings form
longitudinal ranges X X X X
zooecial ovenings form
diagonal ranges X X
crenulate zooecial walls in
axial region X X X X X
non-crenulated axial walls
abrupt thickening of walls
at base of peripheral 2zone X X X X X
superior hemisepta , X X
inferior hemisepta X
diaphragms in axial region X
single series of acanthopores
surrounding zooecia . X X X X
tight spiral budding pattern 7 X X
meg- and micracanthopores
megacanthopores at Jjunction
of zooecia X X

V-
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Continued,

Table 15,

(Y hTia)

ATL4eTUWTs °N
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Characters

3.

4.

5.

7.

?

9.
10,

11,

12,
13,
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15. Continued,

Table

*aou *ds
9B[339.Usx '\

(uoratn)

B}BUU333E8 °N

YoTITN)
BLilKe ‘N

(Yoratn)
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eyelnqey ‘N

Characters

3.

4,

5.

7.

8.

10.

1.

12.
13.
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Table 16. Leptotrypella pellucida Duncan binary
character frequences for 33 colonies,

Frequency of Frequency of

Character positive char. Character positive char.
(Table 3) states (percent states ( percent
of all zoaria) of all zoaria)
1 0.0 19 3.1
2 90.6 20 9.4
3 9.4 21 84.4
4 0.0 22 0.0
5 10.0 23 25.0
6 18.8 25 18.8
7 3.1 26 0.0
8 3.1 27 0.0
9 71.9 28 15.6
10 28.1 29 15.6
11 53.1 30 0.0
12 12.5 31 15.6
13 62.5 32 15.6
14 3.1 33 0.0
15 93.8 34 34.4
16 93.8 35 62.5
17 75.0 36 9.4
18 68.8 37 9.4

o



Table 16, Continued.

38
39
40
41
42
43
44
45

0.0
100.0
93.8
3.1
65.6
21.9
9.4
84.4
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47
48
49
50
51
52
53

93.8
87.5
25.0
100.0
53.1
50.0
0.0
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Table 17. Leptotrypella pellucida quantitatiwve
means data statistics, based on 33 colonies,

Character Mean Standard Deviation Minimum Maximum

ZRM 0.153 0.019 0.083 0.183
ZWTM 0.080 0.061 0.015 0.283
APZM 2.117 6.329 0.000 27.800
TMRM 0.878 1.096 0.194 6.631
DARM 6.812 2.627 0.567 15.110
ANM 74.132 11.453 53.000 90.0

NDPRM 5.093 2.793 0.00 13.750
NDARM  2.823 0.620 0.850 3.800
DILCM 0.155 0.121 0.061 0.581
DAM 0.002 0.007 0.000 0.024
AREAM 26,241 3.836 14,200 51.400

NNS 0.879 0.122 0.703 1.237
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Table 18. lLeptotrypella pellucida quantitative
standard deviation data statistics, based
on 33 colonies.

Character Mean Standard Deviation Minimum [Maximum

ZRS 0,809 0.206 0.522 1.376
ZWTS 0.027 0.030 0.008 0.157
APZS 0.768 2.260 0.000 10.030
TMRS 0.148 0.148 0.014 0.798
DARS 0.388 0.339 0.038 1.573
ANS 5.613 4.357 0.000 22,890
NDPRS 1.031 0.676 0.000 2,719
NDARS 0.577 0.269 0.000 1.164
DLCS 0.028 0.013 0.010 0.066
DAS 0.001 0.002 0.000 0.008

AREAS 1.506 0.230 1.099 2.038
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Table 19, Leptotrypella pellucida Fourier Harmonic
means data statistics, based on 33 colonies,

Character Mean Standard Deviation Minimum Maximum

HM2 0.135 0.030 0.081 0.193
HM3 0.056 0.101 0.035 0.074
HM4 0.048 0.011 0.018 0.068
HMS 0.029 0.007 0.013 0.038
HM6 0.020 0.005 0.008 0.031
HMT7 0.014 0.003 0.006 0.020
HM8 0.011 0.003% 0.004 0.016
HM9 0.008 0.002 0.003 0.012
HM10 0.006 0.002 0.002 0.009
HM11 0.005 0.001 0.003 0.008
HM12 0.004 0.001 0.002 0.006
HM13 0.003 0.001 0.002 0.005
HM14 0.003 0.001 0.002 0.004
HM15 0.002 0.001 0.001 0.004
HM16 0.002 0.000 0.001 0.003
HM17 0.002 0.000 0.001 0.003
HM18 0.001 0.000 0.001 0.002
HM19 0.001 0.000 0.001 0.002
HM20 0.001 0.000 0.001 0.002

RCM 3,401 0.030 3.342 3.475
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Table 20. Leptotrypella pellucida Fourier Harmonic
standard devIaEion data statistics, baesed on
33 colonies,

Character Mean Standard Deviatien Minimum Maximum

HS2 0.062 0.015 0.033 0.092
HS3 0.029 0.006 0.016 0.042
HS4 0.024 0.006 0.010 0,038
HS5 0.015 0,004 0.005 0,024
HS6 0.010 0,003 0.003 0.015
HS7 0.007 0,002 0.003 0.010
HS8 0.005 0.002 0.002 0,010
HS9 0.004 0,001 0.001 0.007
HS10 0.003 0,001 0.001 0.006
HS11 0.003 0.001 0.001 0.005
HS12 0,002 0.001 0.001 0.003
HS13 0.002 0,001 0.001 0.004
HS14 0.001 0,000 0.001 0,003
HS515 0,001 0.000 0,001 0,002
HS16 0,001 0.000 6.000 0.002
HS17 0.001 0.000 0,000 0.001
HS18 0.001 0.000 0,000 0.001
HS19 0.001 0.000 0.000 0.001
HS20 0,001 0,000 0,000 0.001

RCS 0.017 0.004 0.010 0.027

_—
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Table 21. Comparison of species of the genus Leptotrypella
with Threeforks material.

2 a
- | 3= &
L (3] ol 2] O ol
Characters g i § g,ﬂ Sle
= s <+ (o} >|
[\ El|.0 g‘g L ol O
“ig g SR Ao <lg
HA K8 4a £E S8
1 Irregular thickening of X
* mature wall
2. Monticules present X X X X
small acanthopores ringing
3. zooecial opening, not X
inflecting walls
4. walls thin in mature region X X
5. axial walls crenulated X
6. déaphragms simple well defined X X X X X
7 zogecia diverge sharply from X X X
* axis of axial region
8. gooecia sub-polygonal X X X X X
9. walls thick in mature region X X
10. axial walls uncrenulated X X X X X
11 zooecia diverge gently X X X
* from axis of axial region
12, large acanthopores not X
* inflecting zooecial walls
13 large acanthopores inflecting
* zooecial wall X X X

14, d4aphragms in axial region X X

15, cystoidal diaphragms, cysts,
mural spines
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CONCLUSIONS

l. Standard deviations of characters within colonies
provide significant amounts of independent taxonomic
information. This astogenetic variation appears
diagnostic for each of the two species studied. A
measure of the dispersion (standard deviation) of the
data may give more information than its associated mean.
2. The Fourier harmonic amplitudes and binary characters
provide significant amounts of independent information,
leading to a better phenetic classification, than the
standardly used quantitative characters measured in
previous taxonomic studies of ectoprocts.

3. The nearest neighbor statistic and interzooecial
surface area statistic are shown to carry signifieant
independent information.

4. Characters carry varying amounts of independent
information. The reduction of the work involved in
future data collection, and the in-depth understanding
of character interaction and information content make
the inclusion of R-mode analysis in future numerical
taxonomic studies desirable.

5. Leptotryvella pellucida and Nicklesopora renzettiae

n. sp. dominate the fauna of the Three forks Formation.
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One specimen belonging to the genus Fistulipora was

found, and one specimen belonging to the Family
Phylloporinidae, previously unreported from the
Devonian,

6. Svasmodic devosition of terrigenous muds preventead

the development of fully mature bryozoan zoaria.
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APPENDIX I

Listing of program DMAT, with Fisher's exact orobability
option.
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PROGPAM TMAT C(INPUT,QUTPUT,PYNCH)
CODEN 11} FORTRA [V FOR CDC 6540 BY Ry AHSTEY AND Jy MRAKOVICH, DEPAITMENT
OF GEOLOGY=t;SU, PALL 1972, PRQGRAM DMAT CALCULATES A DJSTANCE MATXIX IN
FUCLIDFRAl SFACE #JIR INPYUT T CLUST, 3 ANALYSIS PECGRAM,; OUTPUT FJ 2RNGRAM
DMAT IS CONTAINED IN MATRIX DIST, DATA IS NORMALIZED AND RANGES [V VALUE
FROM 1,0 TO 0,0 WITH 1,0 MEANING THE GREATEST SIMILARITY AND 0,0 THE LEASTS
FIRST DATA CaARD mJST CONTAIN THE FOLLOWING IMNFORMATION IN 414 FORVAT 7 NF |S
NUMBER OF FEATJRESTeeoNS |S HUYBER OF SAMPLES¢ssoNOR=Q ]F G=MODE,;=z1 IF Re
MODE,

NFM=1 CALLS FISHERS EXACT PRO3ARJLITY NFM=0 FISHERS EXACT PROg I3 SKIPPED
SECONLD DATA CARD IS FURMAT NF INPUT IN 19A8 FORMAT, THIS CARD IS FQ.LOWED
THIRD DATA CARD CAaN BE USED FOR EXTENDeh FORMATES 1F NQT NEED USE BLAVK CARBD

BY INPUT DATA AHICH IS READ INTO MATRIX HRMSPL,
DIMENSION HIMSPL(100,100) s RMEANCL00)FHT(20),DIST(1004+100)
DIMENSION FACI(9),NFACT(9)

DOUPLE PRECISION FACT,FNUH,FDEN
READS,NF, NS, HUR  NFM,FMT
READ FHT,C(HRNSPL(I,J)a1=1,NF2)J=1aNS2

TOTAL ROWS AND CALCULATE MEANS

IF (NFMY1%0,1°0,151
150 CONTINUE

D0151=z1,NF

SUM=0,0

D018J=1,NS

10 SUM=SUMepHRMSPL(1,J)

15 RUMEAN(])=zSUM/NS

NORMALIZE HRMSPL ARRAY BY DIVIDING EACH ROW QY TS RESPECT]VE MEaN
D020 1=1,NF
D023J=1,NS

20 HRMSPL(I,J)=(HAMSPL(],J)/RMEAN(]))

CALCULATE DISTANLE MATRIX W]TH YALUES RANGING FROM ZERQ TO ONE

SPECIFY Q Cp ReMUDG

151 IF(NQR)70s25490

70 CONTINUF

25 NM=NSSNSzNFINP =NM

30 DN4C[=1,NF
Malel
IP(M.GT,NF)SOTOY?

DO4OK=M,NF

DIST(l,K)=0,8

IF CHFM)153,123,154
153 CONTIHUE

JF(NQR)BEsBS ¢34

80 CONT]IHUE

85 D090J=1,NS

90 DIST{1,K)sDISI(1,K)e(HRMSPL(JoK)=HRMSPL(J,1))e82
GO YO 34

34 D03IS5J=1,NS
JF(NQR) 35,3537

35 DIST(1,K)SDIST(]aK)¢(HRMSPL (Ko J)oHRMSPL ] oJ) )02

36 DIST(I,K)eSIRI(DIST(LeK))

GO T0 37
154 CONTINUE
Az0,0
R=0,0
C=0,0
D=0,0
NSUMzhS
DO 107 JJ=1,N>
IF (HGR) 600,000,601

601 CONTIHUE

IF (HRMSPL(X,JJ)=2) 202,271,201




202
201

200

DMAT

600

902
501

500
511

512
513

514
517
518
100

800

803

802
801

804
8G5

80

IF (HRMSPL(1,JJ)=2) 200,2J1,201
NSUMENSUN=1

GO TO 150
Q=HRMSPL (1, JJ) *HRMSPL (K, JJ)
]7(0~2)2,1,2

AaA+y

Go TO 1¢¢

IF(Q) 4,3,4

D=D+}1

GN TO 1g¢
QN=HRHSPLCT 3 JJY)=HRMSPL(K,JJ)
[F (QQ) @r201,7

B=Bey

GO TQO 130

CeCey

GO TQ 1:5¢

CONT INUE

IF (HRHSPLIJJI,R)#2)502,502,581
JF(HRMSPLAJJI 80 42) 5000501,501
NSUMaNSUM=1

GO TO 190
Q=HRMSPL(JJ, 1) ¢HRMSPL(JJ,K)
IF (Q-2)511,512,51}
AzAel

GO TO 139
JF(Q)514,513,214
DsDey

GO TO 1Cd
0OsHRMSPL(JJ, 1 )SHRMSPLC JJsK)
IF (QQ) 518,501,517
B=Beq

GO TO 1gf

CaCey

GO TO 1648

CONTINUE
NFACT(1)aNSUM
NFACT(2)sA

NFACT(3)38

NFACT(4)xC

NFACT(5) =D
NFACT(6)zAeB
NFACT(7)sCeD
NFACT(8)zAeC
NFACT(9)=BeD

no 800 L=21,9
FACT(L)=1,0

DN 801 Lal,9
NEND$HFACT(L) 1

IF (NEND) 601,801,803
DN 802 LL=1,NEND
LLL=lLey
FACT(L)SFACT(L)®LLL
CONTINUE

FNUMs1,0

FDEN=1,0

DO Bo4 MM®1,5
FDEN=FDENOFACI(MM)

DO BQS MM=6,9
FNUMgFNJMOFACI (MN)

e
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DIST(I,X)y=sF NUM/FDEN
GO 70 37
37 DIST(K,1)=DISI(1,X)
[F(NFMU)T702,702,701
701 DIST(I,I)y=1,0
GO TO 49
702 DIST(1,1)=0,0
40 CONTINUE
DIST(I,l)=0,0
39 DIST(I,1)=0,0
C SCAN DIST FOR “MAX AND DIVIDE INTQ ALL VALUES AND SUBTRACT EAGH FRJY 17¢
IF (NFM)Y160,100,161
160 CONT]NUE
D-‘1AX=6.0
NTaNFe=}
D0451=1,NT
Mz1#+q
IF(DMAX-DIST(1,K))48,45,43
43 DMAX2DIST(] oK)
45 CONTINUE
C DIVIDE DMAX INTO EACH VALUE AND SUBTRACT FBQM 1,3
D0O50131,NT
Mzlel
DOS0K=M,NF
DIST{l,K)e1,0"¢(D]ST(],K)/DMAX)
DIST(I,KyeDISI(1,K)7DMAX
50 DIST(K,11=DISTI((,K)}
161 D055JU=1,NF
PRINT 611, (DISTC o902 0% 1,NF 12
55 PUNCH60,(DISTU J) e l:JoNF)
5 FORMAT(414/10A8/10A8)
611 FORMAT(e #, 106F2,3)
60 FORMAT(16F5¢3)
c




APPENDIX II

Listing of orogram FOURIER.



(3 e Ny e Ry K1 s K R Ny K i N K Ry X3 X1 Nt X X s K2 X2 K X r E2 K2 K2 K3 K2 K X2 K N e K2 X2 N1 K1 X2 Ny N X3 Ky s X3 Xy K31 Ny X 1}

82

PROGRAM FOURIER (INPUT,O0UTPUT,PUNCH)
EXPLANATION OF METHOD GIVEN BY EHRLICH + WEINBERG, 1970, JOUR.
SED. PETFOLOGY’ Ve “0, P 205’2120
REVISIONS T0 ORIGINAL PROGRAM BY ROBERT L., ANSTEY, NOV, 20, 1972
DECK STRUCTUREs s
1. CONTROL CARD ~ NUMBER OF HARMONIC COEFFICIENTS DESIRED,
COLS. 1-2., IF DATA IS FKkOM AN OFEN CUKRVE, PUNCH 1 IN COL, &,
2« TITLE CARD (FOR SAMPLE GROUP) = ANY ALPHANUMERIC SYMBOLS,
LIMITcO TO ONE CARD
3. DATA CARDS
ALL VALUES MUST BE RECORDED AS 4 DIGIT INTEGER NUMBERS, 20 TO
A CARD., VALUZS FOM A CLOScD SHAPE MUST BZ RECOROED AS X, Y
IN A COUNTERCLOCKWISE ScQUINCE STARTING FPOM THE POINT
X=XMAX, VALUZS FROM AN CFEN CURVE MUST BE RECOROED AS X, Y IN
ORDER OF DECZASING X STARTING FRPOM THE POINT X=XMAX,
Y AT X=XMAX MUST EQUAL Y AT X=XMIN,
IN A CLOSED SHAPE, NO VALUE OF THETA SHOULD HAVE MORE THAN
ONZ VALUE OF R, IN AN OPEN CURVE, NO VALUE OF X SHOULO HAVE
MORE THAN ONE VALUE OF Y,
(ALL VALUES MUST BE LESS THAN 9999)
LAST 8 COLUMNS OF LAST CARD FOR EACH SAMPLE MUST BE BLANK OR
ZERO-FILLED (OTHZRWISE A BLANK CARD MUST BE INSERTED)
4, FLAG CARD - 9999 IN COLS, 1-4 (SIGMALS END OF EACH SAMPLE
GROUP)
5S¢ CONTINUATION CARD - CONT OR FINI IN COLS. 1-4
IF CONT, NEXT SAMPLS GROUP IS EXECUTED
IF FINI, FROGRAM TERMINATES
6. REPSAT DECK STRUCTURE, STEPS 2-5, FOR EACH SAMPLE GROUP
SIZZ LIMITATIONS AND RESTRICTIONS.se
1. LESS THAN 150 POINTS PER SAMPLE
2 LESS THAN 405 SAMPLES FER SAMPLE GROUP
3. NUMBER OF SAMPLE GROUPS IS UNLIMITED
4, ONLY THE FIRST 20 HARMONICS CAN BE CALCULATEO.
ALL MARMONICS ARZ DIVIDED B8Y THE VALUE OF THE ZEROTH
HARMCNIC, MAKING ITS VALUE UNITY, AMPLITUDES OF THE FIRST
HARMONIC ARE NEITHER PRINTED NOR PUNCHED, BECAUSE THE
FOURIER SERIES IS GENERATED FROM THE CALCULATED CENTER OF
GRAVITY OF EACH SHAPE, TO OBTAIN MORE THAN 20 HARMONICS,
INCREASc THE OIMENSIONS OF A, B, Cy AMP, AND ARRAY,
5. PHASE ANGLES ARE NOT PRINTED
6. STATISTICAL ESTIMATES WILL NCT BE CALCULATED, NOR WILL
DATA BE NORMALIZZD FOR SAMPLE SIZES SMALLER THAN 20.
NORMALIZED VALUES ARE THOSS OIVIOED B8Y THE MEAN OF THE SAMPLE
GROUP,
7o 10PMALITY IS TESTED ONLY FOR SAMPLE SIZES GREATER THAN 35
8., PROGRAM REQUIRES 100G0C OCTAL WORDS OF CENTRAL MEMORY
9. PROGRAM REQUIXES 1.3 SECONDS (CDC 65C03) PER SAMPLE
13, FROGPAM PUNCHES 2N ¢ 7 CARDS FOR N SAMPLES IN EACH SAMPLE
GROUP, AND PRINTS APPROXIMATELY 20 PAGES PER SAMPLE GROUP,
COMMGN NUM(2003) yNN,KV FVAR,FMED,FMEAN,FKS
DIMENSION X(15C), Y(150), RAD(15Z), THETA(15()
DIMINSION A(20), B(2)), C(23), AMP(20), NAME(10)
DIMSINSION ARSAY(400,22), ARAD(4DO)
DIMINSION IX(€150), IY(1593)
EQUIVALENCE (XyIX), (Y,1Y)

N e - g T._ﬂ
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LOGICAL TRBL
3ETA=4HCONT
NTZST1=1000
NTZ5T2=2060
NTZST3=3C00
IFLAG=)999
READ 1330, MHARM, NOPEN
20 READ 1300, NAME
D0 1033 N=1,NHARM
1060 AMP(N) = G,
AMPSUN=D,
N0G000=0
1520=)
LTOTAL=0
NN=0
PRINT 940, NANE
3C JL=1
JU=10
TR3L=, FALSE,
40 REZAD 351, CIX(J),IY(J),J=JL,JU)
IF (IX(JL)-IFLAG) 50,810,860
50 DO 60 K=JL,yJU
KNIT=IX(K)*IY(K)
IF (KWIT) 60,70,60
60 CONTINUE
JL=JL+10
JU=JU+10
GO TO 40
70 L=K-1
IF(NOFEN) 71,71,72
72 IXMAX=IX(1)
DO 73 I=2,L
IFCIXMAX=-IX(I)) T4,73,73
76 IXMAX=IX(I)
73 CONTINUE
IXMIN=IX (1)
D0 75 I=2,L
IF(IXNIN-IX(I)) 75,75,76
76 IXMIN=IX(I)
75 CONTINUE
IXMAX=IXMAX=IXMIN
00 77 I=1,L
X(I)=((IX(I)=IXMIN) *6,2832) 7 IXMAX
77 Y(D=Iv(D)
IYMAX=1Y (1)
DO 78 I=2,L
IFCIYNAX=-IY(I)) 79,78,78
79 IVMAX=IY(I)
78 CONTINYE
DO 81 I=1,L ,
IXCD) =(Y(I)*COS(X(I)))+IVYMAX
81 IY(I)=(Y(I)*SIN(XC(I)))+IYMAX
L=L-1
71 ISZQ=ISEQe1
LTOTAL=LTOTALL




8¢

10¢
11¢C

120
138
14
150
16¢
170
1A0
19¢C

210
220
230
240
25C
26C
270
288
2919
300

31¢C

32¢C
330
34C
350
363
37¢C
38C
390
L00
L1l
219

30
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DO 560 J=1,L

INT=2

LHI=J¢1

LLo=J-1

IF (LHI-L) 90,90,80

LHI=1

IF (LLG) 110,100,110

LLO=L

LLOO=LLO-1

IF (LLOO) 130,120,130

LLoo=L

IF (J-2) 140,220,300

IF (IY(L-1)) B8€G,310,150

IF (IY(L=-1)-NTEST1) 130,310,160
IF (IY(L-1)-NTEST2) 180,310,170
IF (IY(L-1)-NTEST3) 130,310,180
IF (IX(L-1)) 860,310,190

IF (IX(L-1)-NTEST1) 220,310,200
IF (IX(L=-1)-NTEST2) 220,310,210
IF (IX(L-1)-NTEST3) 220,310,220
IF (IY(L)) 860,310,230

IF (IY(L)-NTEST1) 260,310,240
IF (IY(L)-NTEST2) 260,310,250
IF (IY(LD)-NTEST3) 260,310,260
IF (IX(L)) 869,310,270

IF (IX(L)=-NTEST1) 300,310,280
IF (IX(L)=-NTEST2) 300,310,290
IF (IX(L)-NTJEST3) 300,310,300
LOINTY=IABS (IY(LLO)-IY(LLOO))
LOINTX=IABSCIXILLO)-IX(LLOO))
JUMPLY=TABS(IY(LLO)=IY(J))
JUMPLX=TABS (IX(LLO)~-IX(J))
KICKLY=TIABS (JUMFLY=LOINTY)
KICKLX=IABS (JUMPLX=LOINTX)
LEAP=200

GO TO 326

KICKLX=58

KICKLY=KICKLX

IF (IY(J)) 860,373,330

IF (IY(J)-NTEST1) 360,370,340
IF (IY(J)=-NTEST2) 360,370,350
IF (IY(J)-NTEST3) 360,370,360
IF (KICKLY-LEAP) 440,440,370

IF (IY(LHI)) 860,420,380

IF (IY(LHI)-NTEST1) 410,420,390
IF (IY(LHI)=NTEST2) 410,420,400
IF (IY(LHI)=-NTEST3) 410,420,410
IF (IY(LHI)=IY(J)) 430,420,430
LHI=LHI+1

INT=INT+1

IF (LHI.GT,L) LHI=1

GO 70 370

IV(J)=IVALLO) ¢ C(IY (LHI)=-IY(LLO))/ZINT)

INT=2
LHI=Je

| -



N

580

59C
600

61C

620
63C

640

650
66C

67¢C
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IF (LHI.GT,L) LHI=1

IF (IX(J)) 860,430,450

IF (IX(J)=-NTEST1) 482,490,460

IF (IX(J)-NTEST2) 4LB8G,4L9C,470

IF (IX(J)=-NTEST3) 580,490,480

IF (KICKLX=-LEAP) S5630,560,9490

IF (IX(LHI)) 860,543,500

IF (IX(LHI)-NTEST1) 530,540,510

IF (IX(LHI)=NTEST2) 530,540,520

IF (IX(LHI)-NTEST3) 530,540,530

IF (IX(LHI)=-IX(J)) 551,540,550
LHI=LHI+1

INT=INT+1

IF (LHI.GT.L) LHI=1

GC TO 43¢

IXCI) =IX(LLO) ¢ ((IX(LHI)=IXC(LLO))ZINT)
CONTINUE

00 570 J=1,L

X(J)=IX(J)

Y =1Iv(JY)

MX=0

MY=MX

MMY=1

MMX=MNY

YMOM=0,

XMOM=YMOM

YARZIA=XMOM

XARCZA=YAREA

MMX=MMX#+1

MX=MX¢1

IF (MX-L) 660,590,600

MMX=1 -
YARZA=YAREA+ (X (MMX)=X(MX))* (Y (MMX)+Y (MX))
YMOM=YMOME (X (MMX) =X (MX) ) ® (Y (MMX)+Y(MX))**2=-Y(MMX)®*Y(NX))
IF (Mx-L) 580,61C,580

MMY=MMY¢ 1

MY=MY+1

IF (MY-L) 630,620,630

MMY=1
XARSA=XAREA+ (Y (MMY) =Y (MY))® (X (MMY) X (MY))
XMOM=XMOH+ (Y (MMY) =Y (MY ) ) ® ((X(MMY) +X(MY))®*2-X(MNY)®*X(NY))
IF (MY-L) 610,640,610
YCZIN=YMOM/(YAREA®*3,)

XCEN=XMOM/ (XAREA®*3,)

DO 660 I=1,L
THETA(I)=ATAN((Y(I)=YCEN)/(X(I)=-XCEN))
IF (X(I)=-XCEN) 651,660,66)
THETA(I)=THETA(I)+3.14159
RAD(I)=SQRTC((Y(I)~-YCEN)**2+(X(I)=-XCEN)®**2)
00 67) I=1,NHARM

A(I)=3(IV=0,

AO=0.

FL=L

AJ=25./FL

DO 760 I=g1,L
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II=I+1
IF (I-L) 690,680,690
680 II=1
690 ANGLE=THETA(II)=-THETA(I)
IF (ANGLE) 700,760,710
700 ANGLE=ANGLE+6,28138
710 IF (ANGLE-AJY) 730,720,720
72C TRBL=,TRUE,.
GO TO 76¢
73C IF(TRBL) 760,740
74C AO=AO+ANGLE®(RAD(II)+RAD(I))
00 753 N=1,NHARM
FN=N
CO0S2=COS(FN®THETA(ID))
COS1=COS(FN®THETA(I))
SIN2=SIN(FN®THETA(II))
SINL=SIN(FN®THETA(I))
A(N)=A(N)+ C(RAD(II)-RAD(I))*(COS2-C0S1))/(ANGLE®FN*FN)+(RAD(II)®SI
iIN2-RAD(I)*SIN1)/FN
75C B(N)=3(N)+ ((RAO(II)-RAD(I))*(SIN2-SIN1))/(ANGLE*FN®*FN)~-(RAD(II)®CO
1S2-RADJ(I)*COS1)/FN
760 CONTINUE
IF(TRBLY 770,760
77C NOGOOD=¥OGOOO+1
PRINT 1350, ISEQ
GO0 TO 38
78C DO 79) N=1,NHARM
793 A(NI=(SQRTCA(N)**2+B(N)**2))%4,/A0
NN=NN+1
00 800 =1, NHARNM
800 ARRQAY(NMgN) =A(N)
ARAD(NN)=A0/7125,663
60 TO 30
810 PRINT 908, NN
IF(NN-103 841,829,829
829 DO 840 I=2,NHARM
DO 830 J=1,NN
F=ARRAY(J3,I)*10000.
830 NUM(J)=Fey
PRINT 1040, I,NAME
CALL STAT
A(I)=(KXV/100e.)*%2
B(I)=FvaAR
C(I)=FMED
AMP(I)=FHEAN
RAD(I)=FKS
IX(I)=KV
840 CONTINUE
PUNCH 10€CC, NAME
PUNCH 99%, (AMP(N) yN=2,NHARM)
PUNCH 99C, (RAD(N) yN=2,NHARM)
PRINT 1083
D0 1004 I=2,NHARM
109% PRINT 1005, I,AMP(I),C(I),RAD(I),IX(I)
841 PRINT 970
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PRINT 980, (Ny,N=2,NHARM)
DO 85) M=1,NN
ARAO(M)=ARAD(M)/362,.,6
PRINT 96045 My (ARRAY (M,N) yN=2,NHARM) ,ARAO (M)
85C CONTINUE
DO 858 N=1,NN
F=ARAD(N)*10000,
858 NUM(N)=Fel
CALL STAT
PRINT 878, FMEAN,FKS
PUNCH 990y FMEAN,FKS
IF(NN-10) 855,856,856
856 BVAR=1J.0
VAR=0,0
00 351 I=2,NHARM
VAR=VAR+A(I)
851 BVAR=3VAR+B(I)
D0 852 I=2,NHARM
IY(I)=(B(I)/BVAR)*100,
852 IX(I)=(A(I)/VAR)*100,
PRINT 871, BVAR
PRINT 872, (Ny,N=2,NHARMN)
PRINT 873, (IY(N), N=2,NHARM)
PRINT 876, VAR
FRINT 872, (NyN=2,NHARNM)
PRINT 873, (IX(N)y, N=2,NHARM)
PRINT 876
PRINT 980, (Ny, N=2,NHARN)
00 853 M=1,NN
ARAD(M)=0.0
DO 854 N=2,NHARM
ARRAY (M, N)=ARRAY(M,N)7AMP(N)
854 ARAD(M)=ARAD(M) ¢+ (ARRAY (MyN)*+2)
ARAD (M)=SQRT CARAD(M)72,.)
PRINT 968y My (ARRAY(MyN), N=22,NHARM), ARAO(M)
PUNCH 991, ARAD (M)
853 CONTINUE
D0 857 N=1,NN
F=ARAD(N)*1000.
857 NUM(N)=Fel
CALL STAT
FMEAN=FMEAN®10.
FKS=FKS*160,
PRINT 875, FMEAN
PRINT 877, FKS .
PUNCH 99C, FMEAN,FKS
855 READ 1010, ALPHA
IF (ALPHA-BETA) 860,20,860
860 CONTINUEZ
871 FORMAT(1HE,2X,17HTOTAL VARIANCE IS, F9.5)
872 FOAMAT (1M, 42X, 25HPERCENT OF TOTAL VARIANCE/3X,19(I2,4X))
873 FORMAT(i1X,19€14,2X))
876 FOIMAT(1HO,)2X,30HNORMALIZED HARMONIC AMPLITUDES 44X, 1S5HNORMALIZEC
+ R.Co) .
875 FORMAT(LME,2X y4OHMEAN NORMALIZEO ROUGHNESS COEFFICIENT IS,F9.5)
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876 FOIMAT(1HG,2X,28HTOTAL NORMALIZED VARIANCE IS,F9.5)

877 FOMAT(1HO,2Xy7HS.De IS,F9,5)

878 FORMAT(1HO0,2X y7HMEAN ISyF9,592X,7HS.D. IS,F3,5)

90C FORMAT(22H USABLE SAMPLE SIZE IS,I4)

940 FOIMAT(1H1,10(1H+),10A8,10(1H+)/37H THE FOLLOWING SAMPLES CANNOT B
+E USED)

95C FORMAT (201I4)

96C FORMAT(1H ,I3,19F6.4,F8.4/)

97( FORMAT(1HO0,53X,19HHARMONIC AMPLITUDES,45X, 10HRADIUS(MM))

98C FORMAT(6X,19(I2,4X)/)

993(C FORMAT (10F7.4)

991 FORMAT (F8.4)

100C FORMAT(1CA8)

1001 FORMAT(16HMEDIAN HARMONICS)

1002 FORMAT(1LHMEAN HARMONICS) 3

1003 FORMAT(9HOHARMONIC &4 Xy bHMEAN ) UX y6HMEDIAN 4 Xy 8HSTD.0EVey4Xy10HCOEFF
+¢ VAR, )

1705 FORMAT(1MB,2XyI2,7XgF6eky3XyFbaltyS5XyFBoly8X,yIh)

131C FORMAT (AS)

103( FORMAT(2I2)

104C FORMAT(1X33(1H*),15SHHARMONIC NUMBER,I3y3(1H*),10A8)

105C FORMAT (21X 46HNUMBER,IS)
END
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SUBROUTINE STAT
CALCULATICNS ARE VALID FOR & SIGNIFICANT FIGURES
NORMALITY IS TESTzD BY THE KOLMOGOROV-SMIRNOV VALUE OF D AT THE
+05 LEVEL OF SIGNIFICANCE. FOR OTHER PROBABILITY LEVELS OF Dy
CONSULT TABLE E OF SIEGEL, 1956, NONFARAMETRIC STATISTICS FOR THE
BEHAVIORAL SCIENCESy MCGRAW-HILL,
COMMON NUM(2C00) ¢yNNyKV3FVARyFMED,FMEAN,FKS
OIMENSION NBR(10000) yNHIST(20),KHIST(20,100),1I0(20)
EQUIVALENCE (NUM,KHIST)
DO 10 I=1,10000
1C NBR(I)=0
00 20 I=1,NN
20 NBRINUMCI))=NBR(NUM(I))+1
00 3C I=1,10000
IF (NBR(I)) 33,30,40
30 CONTINUE
40 MIN=I
D0 S50 I=1,10000
J=10031-1
IF (NSR(J)) 50,50,60
S50 CONTINUE
60 MAX=J
KR=MAX=-MIN
MM=0
DO 65 I=MIN,MAX
M=(NN/2) ¢2
MM=MM+ (NBR(I))
IF(MM-M) 65,66,66
65 CONTINUE
66 MEOD=I
INT=(KR/720) ¢1
MF=MIN+ (INT®*19)
00 67 M=MINyMF, INT
I=S((M=MIN)ZINT) ¢4
NHIST(I)=¢
L=MeINT
ID(I)sN
DO 68 J=M,L
68 NHIST(I)=NHIST(I)+NBR(J)
67 CONTINUE
NSUM=0
00 70 I=MIN,MAX
70 NSUM=NSUM+(I®NBR(I))
MEAN=NSUMN/MN
MM=NNeq
KVAR=0
DO 9C I=1,NN
90 KVAR=KVAR®( (MEAN=-NUM(I))**2)
KVAR=KVAR/MN
FVAR=KVAR
KS=SQRT(FVYAR)
IF (MEAN) 110,110,100
100 KV=(KS*100) /MEAN
FMEAN=MEAN/10000.
FMED=MED/10000,




101

103
105
104

106
102

107

6

7
110

90

FMIN=MIN/10000.
FMAX=MAX/10000.

FKR=KR/1G0G0D.

FKS=KS/710000.

FVAR=FKS**2

00 101 I=1,20

00 101 J=1,100

KHIST(I,J)=1H

00 1C2 I=1,20

IF(NHIST(I)) 102,1C2,103
K=NHIST(I)

IF(K-103) 104,104,105

K=99

KHIST(I,100)=1H+

00 106 J=14K

KHIST(I,J)=1H®

CONTINUE

FINT=INT/10000,

PRINT 164C,FINT

DC 107 I=1,20

FID=I0(I) /10000,

PRINT 15Gy FIOYNHIST(I)y (KHIST(IyJ)J=1,100)
IF(NN-35) 110,110,5

DO 1 I=1,20

J=(INT/2) +1

NUMCI)=MIN+ (I®INT) -J
NBR(I)=(INT*100)/(KS*SQRT(6,2832))
F==(((NUM(I)-MEAN) /KS) *®*2) /2,
NBR(I)=NBR(I) *(2,7183%*F)
I0(1)3IABS(NBR(1) = ((NHIST(1)*100)/NN))
D0 2 I=2,20

Jel-1

NBR(I)=NBR(I) +NBR(J)
NHIST(I)=NHIST(I)+NHIST(J)
ID(I)=IABS(NBR(I)=((NHIST(I)®*100)/NN))
IOMAX=ID(1)

00 3 I=2,20

IF(IOMAX=ID(I)) 6,3,3
IOMAX=IDCI)

CONTINUE

DMAX=IDMAX/100.,

FNN=NN

DTEST=1, 36/SQRT (FNN)
IF(OMAX=DTEST) 6,7,7

PRINT 8, OMAX

G0 TO 110

FRINT 9, DMAX

PRINT 160

RETURN

FORMAT(32# DATA FIT A NOPMAL DISTRIBUTION. y24H KOLMOGOROV-SMIRNOV

+D0 IS,F5.3)

9 FORMAT(39M DATA DO NOT FIT A NORMAL DISTRIBUTION, y24H KOLMOGOROV-S

+MIINOV DO IS,FS5,3)

160 FORMAT(1041H HISTOGRAM OF DATA FREQUENCIES IN 20 EQUAL SIZE CLASSES

+ RANGING FROM THE MINIMUM TO THE MAXIMUM VALUE/25H

SIZE CLASS IN
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+TERVAL IS,F6.4)
150 FOMAT(IX,F6.4,y15,2X,100A1)
160 FORMAT(1X,100(1H+))

END




APPENDIX III

1

Listing of means and standard deviations of the 20

repetitive measures for each character on a single

|!1- .

specimen. 150 binary characters coded O for negative
response, 1 for positive, and 2 for unable to determine,
characters taken from Eftaxiadis (1993)., Data listed
in the following format;

Title of specimen

Harmonic Means 2-11

Harmonic. Means 12-20

Harmonic Standard deviations 2-11

Harmonic Standard deviations 12-20

Mean radius and its standard deviation

Roughness coefficient and its standard deviation

ZRM,ZRS,ZWTM, ZWTS , APZM, APZS , TMRM, TMRS ,DARM,DARS , ANM, ANS,
NDPRM,NDPRS , NDARM, NDARS

DLCM,DLCS ,DAM,DAS ,MDM,MDS , AREAM, AREAS ,NNS

150 binary characters listed in order in last two rows,
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Explanation of Plate 1
For location information, see Table 1.

Figs. 1-7 Nicklesopora renzettiae n. sp. 1, External

view showing weak longitudinal and diagonal !
alignment of zooecia. Loc. 1, 7.5X.

2, Longitudinal section showing budding

pattern typical of the genus. No. 6105-R,

paratype, Loc. 4, 9X. 3, Transverse section,

No. 6103-19, Loc. 1, paratype, 9X.

4, External view showing faintly visible

monticules. No. 6104-1, Loc. 1, 3X.

5. Tangential section showing clustering of

B acanthopores and replacement giving

the impression that the specimen has megacanthopores
at zooecial triple junctions. No. 6104-1, Loc.

1, 25X. 6. Tangential section. No. 6103-19,

Loc. 1, 9X., 7. Longitudinal section showing
thickened amalgamate walls, numerous diaphragms

in the outer endozone, and infilled endozonal

axis caused by burrowing organism, No., 6102-1,

Loc. 1, paratype, 9X.
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Explanation of Plate 2

For location information, see Table 1,

1-5 Nicklesopora renzettiae n. sp. 1. Deep

tangential section showing lack of numerous

B acanthopores, No. 6102-2, paratype, Loc. 1,
125X. 2. Tangential section showing

zooecial openings surrounded by a ring of

B acanthopores, No. 6107-1, Holotype, Loc. 2,
125X. 3. Tangential section. No. 6103-24,
paratype, Loc. 1, 9X. 4. Longitudinal section
showing amalgamate wall structure of

exozone, No. 6107-1, Holotype, Loc. 2, T75X.
5. Longitudinal section showing amalgamate
wall and side wall projections of B acantho-
pores in center of thickened walls. No., 6107-1,
Holotype, Loc. 2, T75X.
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Explanation of Plate 3
For location information, see Table 1.

1-2 and 4-6 Fistulipora sp. 1. Tangential section

No. 6110-7, Loc. 7, 29X.

2. Transverse section No. 6110-7, Loc. 7, 29X.

4, Tangential section. No. 6110-7, Loc. 7, 8.5X.
5. Longitudinal section. No. 6110-7, Loc. 7, 7.5X.
6. Transverse section. No. 6110-7, Loc. 7, 8.5X.

3 Leptotrypella pellucida Duncan, External

view showing prominent monticules. No. 6103-23,
hypotype, Loc. 1, 3X.

7-8 Phyloporinid. 7. Obverse view of fragment,
may be part of specimen seen in figure 8, found
within several centimeters of specimen figured

in Fig. 8. No. 6107-5, Loc. 4, 5X.

8. Specimen poorly preserved and abraded, showing
elongate zooecial apertures. No. 6107-5, Loc. 4,

9X.






Figs,

110

Explanation of Plate 4

For location information see Table 1.

1-5 Leptotrypella pellucida Duncan. 1, External

view showing presence of prominent monticules,
surface slightly abraided. No. unsectioned
specimen, Hypotype, Loc. 1, 3.5X.

2. Tangential section showing typical thin
walls and numerous newly budded zooecia.

No. 6103-22R, Hypotype, Loc. 1, 9X.

3. Longitudinal section showing amalgamate
wall of exozone and the diaphragm laminae
forming linings inside zooecial walls and
passing upward. No. 6100-R, Hypotype, Loc. 1,
280X. 4. Tangential section, thick walled with
faint evidence of A acanthopores at the junctions
of the zooecia. No. 6100-R, Hypotype, Loc. 1,
54.5X. 5. Enlargment of Fig. 4 showing
presence of A acanthopores at junction of
zooecia. No. 6100-R, Loc. 1, 320X.

6. Longitudinal section enlargment of A-
acanthopore. No. 6100-R, Hypotype, Loc. 1,
160X.
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Explanation of Plate 5

For location information see Table 1.

1-5 Leptotrypella pellucida Duncan. 1. Long-

itudinal section, NO. 6103-20, Hypotype,
Loc. 1, 9X.

2. Longitudinal section, 6110-9, Hypotype,
Loc. 1, 9X.

3. Tangential section showing typical thin
walls and numerous newly budded zooecia.
No. 6110-9, Hypotype, Loc. 1, 9X.

4, Longitudinal section showing overgrowth
and development of shortly spaced diaphragms
in upper right of specimen, No. 6103-43,
Loc. 1, Hypotype, TX.









