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ASTRACr:

The rib branching patterns of the brachiopod Atrr a

reticularis from a sequebee of 8 groups of strata of

Upper Llandovery to Upper Middle Ludlow age from Gotland,

Sweden were studied.

The surface of the shells of Atrypa reticularis are

marked by i) ribs which originate at the upper edge of the

pedicle opening or, at a point anterior to the pedicle open-

ing, and extend radially to the anterior or lateral margins,

and 2) concentric growth lines. The ribs may undergo

several bifurcations which, in all cases, occur at growth

lines. Ribs which originate at a point anterior to the

pedicle opening originate at growth lines. The nature of

the rib branching pattern varies from one specimen to another.

An attempt was made to determine whether or not the

specimens from each of 4 of the horizons could be divided

into two or more mutually exclusive groups - each group

having a characteristic type of rib branching pattern dis-

tinct from that of the other group or groups. The following

method was employed: A correlation coefficient was defined

for any pair of specimens, which is an index of the degree

of similarity of the rib branching patterns of the two

specimens. The correlation coefficients were then computed

for all possible pairs of specimens from each of the 4

horizons considered. For each horizon, the frequency

distribution of the correlation coefficients of specimens

from the horizon was then plotted, and an attempt was made

to detect any modality present in this distribution. The



presence of two or more definite modes in a given distri-

bution would imply that, very likely, distinct groupings

of the specimens from the horizon are possible - the

lowest mode(s) corresponding to the correlation coefficients

between the specimens of the same group, and the highest

mode(s) corresponding to the correlation coefficients be-

tween specimens of different groups. No modality was

present, however, in any of the distributions and, thus,

it was not possible to divide the specimens from any of the

horizons on the basis of the frequency distributions.

Two types of specimens of Atryp reticularis may

be distinguished on morphological grounds in one of the

horizons. Although relatively minor differences were

noted in the branching patterns of the two groups, each

of these groups appears to exhibit the same degree of

homogeneity in the patterns of branching as is exhibited

by the specimens of both of the groups considered as a unit.

The frequency distributions of the correlation coeffi-

cients of the four horizons were seen to shift slightly to

the right as a function of time and, the mean value of the

correlation coefficients of the four horizons was seen to

increase as a function of time. Both of these results

are considered as consistent with an overall trend of an

increase in the degree of homogeneity present in the patterns

as a function of time.

For each of the four horizons, the great majority of

the correlation coefficients were found to lie between



.25 and .75. This is considered to indicate that the

patterns show a definite amount of variation from one specimen

to another, and yet exhibit an underlying similarity.
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INTRODUCTION:

The following deals wlSit a study of the rib branching

of the brachiopod At rYa etular _i from a oequence of 8 groups of

strata of Upper Llandovery to Upper Middle Ludlow age from

Gotland, Sweden. The purpose of the study was 1) to de-

termine for each group of strata the nature and range of

variation in the rib branching patterns of the shells of

Atrypa reticula ri contained in it, 2) to determine for

each group of strata, whether or nov these patterns could

be divided into two or more mutually exclusive groups-each

group having a characteristic type of branching pattern

which was distinct from the type of branching pattern exhi-

bited by the other group or groups, and 3) in so far as

possible, to trace the evolution of the pattern of branching

during the time interval represented by the sequence of

strata which was sampled. The latter involves the determina-

tion off changes which occurred in the nature and types of

branching and/or statistically significant changes which oc-

curred in the relative percentages of types of branching

present, and in the degree of homogeneity present.
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kqRPOM W ATWYA ICU

Morphlogical f.atures of h2 e 2tern Srface

The surface of the shells of Atrypp relcularis are

marked by 1) ribs which originate at the upper edge of the

pedicle opening and extend radially from this point to the

anterior or lateral margins, 2) ribs which originate on the

surface of the shell at points anterior to the upper edge

of the pediele opening and extend to the anterior or lateral

margins,and 3) concentric growth lines. At certain growth

lines the valves are extended laterally and anteriorly in

a tabular surface of frill which projects upwards,and

which intersects the main surface of the shell at an angle.

Those growth lines which do not now have such associated

frills may have initially possessed them-the frills being

subsequently broken off.

Both types of ribs may undergo several bifurcations

distal to their point of origin. Ribs of the second type

listed above may occur either between two posteriorly ad-

Jacent ribs of the first type listed ,or they may occur with-

in one rib of the first type listed.

Term iolgy 9f b and MLb pr. The following terms

are not used in previous paleontologic reports and were

defined for the purposes of this study. The term primary

rib shall here be taken to mean a rib of the first type

listed above, and the term secondary rib shall be taken to
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Mean a rb of the second type listed above which occurs

between two posteriorly adJcen t primaries. The term

insert shall be taken to mean a rib of the secsd type which

occurs within primary or secondary ribs. By the term node

we shall mean a point at which bifurcation occurs, and by

branch we shall mean either 1) that part of a rib between

its point of of origin and the first node anterior to the point

of origin, or 2) that part of a rib between successive nodes, or

3) that part of a rib between an intersection of the rib

with the anterior or lateral eaMlasure and the node

directly posterior to this intersection. By first order

branches we shall mean branches which occur adjacent to

the point of origin of the rib containing them By second

order branches we shall mean branches which are in contact

posteriorly with first order branches. By n-order branches

we shall mean branches which are in contact posteriorly

with n-I order branaes. By element we shall mean a

branch, or a node, or a point of origin. (See figure 1

for illustration of these terms.



FIGURE 1:

first order

2nd order

3 rdorder

4th order

order

Diagram to illustrate terminology. 1A: Shell outline

and growth lines are shown in black. Primary ribs are

shown in red. Secondary ribs are shown in blue. Insert ribs are

shown in brown. 0, E, and D are points of origin. A and 1B

are nodes. AB and BC are branches. 1B: Single rib showing

orders of branches.
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Discussion of ribs and rib branching pattern. The

branches are straight - i. e. they form the geodesic between

successive nodes. At any node the two branches which

diverge antero-laterally from it are identical in size, and

make equal angles with the line formed by extending poster-

iorly the branch directly above the node. Hence, there is

no right or left handedness to individual bifurcations as

is the case in groups such as the Dolerorthids studied by

Kee*. The branches are essentially uniform in width at a

given growth line on a shell and very slightly expand in

width distally. The number of branches crossing, or term-

inating at, a given growth line increases anteriorly as is

shown by figre 2 which is a graph of the number of branches

crossing, or terminating at, a growth line as a function of

the distance from the apex of one of the shells.

- Number of growt fin

*Kee, James W., Rib Branching in Dolerorthid Brachiopods-
B. S. Thesis, M.I.T., 1961.
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The branches are rounded in cross section and are separated

by radial depressions (interplications) which are also

rounded in cross section and are the same size as the branches

adjacent to them (except where the depressions taper poster-

iorly at a node).

Nodes and points of origin of secondary and insert ribs

in all cases occur at growth lines. This is an important

feature of the branching pattern as it enables one to analyze

the pattern in terms of discrete properties as will be seen

later.

The branching pattern of the ribs on the pedicle valve

is, in all cases, the mirror image of the branching pattern

of interplications on the brachial valve, and visa versa.

The pattern of both valves have corresponding relationships

to the sequence of growth lines. For each branch, node,

point of origin, and growth line on one valve there is a

corresponding structure of the opposite valve. Unless other-

wise stated, all subsequent discussions of the ribs and of

rib branching shall be taken to refer to the pedicle valve.

There is, in all but a few cases, a major primary rib

which occupies the central part of the shell and diverges

anteriorly so as to intercept an angle of about 15-20 degrees

on each side of the median line. Such a rib originates in

the middle of the upper edge of the pedicle opening. In a

few cases there exists two primary median ribs which or-
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iginate from the middle of the upper edge of the pedicle

opening and diverge from the median line so as to occupy

the same region as the single median ribs described above.

Very rarely trifurcation occurs. A trifurcation may

be regarded as the limiting ease of two bifuroations.

In the overwhelming majority of their occurrences,

insert ribs I) do not occur between the same two branches

on a given specimen and 2) do not biturcate. Inserts be-

neath the first order branches in median primary ribs are

exceptions, in that they occasionally bifurcate when present.

There has never been observed more than 6 primary

lateral ribs. There is, in all cases, a maximum of 3

secondary ribs between two given primaries,and a maximum

of 3 secondary ribs between one of the lateralmost primary

ribs and the lateral commissure. The maxlnm order of

branching for the median primary rib(s) is, in most cases,

considerably higher than that of all other ribs,. Median

primary ribs have branches up to 6th order. Lateral primary

ribs have branches up to 4th order. Secondary ribs have

branches up to 3rd order but generally up to lst or 2nd

order only.

An important feature of the branching patterns is that

they are all asymmetri about the median line. This is in

contrast with the rest of the shell features which are bi-

laterally symaetrioal. In same cases the pattern is not
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completely asymmetric in that many but not all of the branches

on the left side of the pattern have fairly closely corres-

ponding branches on the right side of the pattern.

The number of growth lines on a single shell in the

collection studied is generally between ten and twenty.

The maximum number of growth lines encountered on a single

shell is 35. The growth lines mark the former position of

the valve margins and indicate the position of the shell

margins during a temporary hiatus of growth.

In the Upper Visby collection there are two distinct

classes of specimens. One type has relatively very closely

spaced growth lines, relatively very fine narrow ribs, and

is, on the average, much smaller in size than the second

type. The second type has growth line spacings, rib widtha,

and overall sizes which lie in the same size ranges as those

for specimens from other horizons. From one specimen to

another of the same type the width of the ribs as a function

of the distance from the pedicle opening varies only negli-

gibly, as does the average distance between adjacent growth

lines. The number of' growth lines per specimen is on

the average much larger for the first type than for the

second, and the order of branching is, on the average,slightly

higher for ribs on the first type than for ribs on the second.

The number of growth line spacings intercepted by branohes

is, on the average, slightly higher for the first type than

for the second.
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The specimens from the other horizons may not be Sub-

divided on the basis of the distanoe between adjacent growth

lines, rib widths, the average number of growth line spac-

ings intercepted by branches, or overall size. From one

specimen to another the width of the ribs as a function of

distance from the edicle opening varies only neglibibly,

as does the average distance between adjacent growth lines,and

the average number of growth line spacings intercepted by

branches.

M4orphooXl features 9ht than those of the t

Surface. The morphological features other than those of

the external surface are remarkably uniform throughout the

collection. This is true of the relative proportions of

the shell dimensions, and of the nature of the shell outline,

hinge line, interarea, beak, pediole opening, and all of

the internal structures. The only differences which may

be noted in this regard are 1) minor differences in the

relative concavity of the valves and 2) the presence of a

fold and sulcus in some cases and their absence in others.

In some specimens the pedicle valve is flat and the brachial

valve is very convex. In others the two valves are equally

convex. The collection exhibits a more or less continuous

spectrum of relative concavity between these two extremes.

In a few speosmens the pedicle valve has a very gentle wide

sulcus on its anterior part, the brachial valve has a cor-
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responding very gentle wide fold on its anterior part,

and the anterior comiissure is gently sulcate. Most of

the specimens have no fold or sulcus, and have an anterior

commissure which is rectimarginate.
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The following notation is used in this report:

Median primary ribs are denoted by C. The lateral primary

ribs are denoted by IL, 2L, ... 6L, 1R, 2R, .,.6R according

to whether they are the first, second, ... , or sixth

prim ry rib to the left/right of rib(s) C.

Secondary ribs are denoted as follows:

Ist SLI
2nd secondary left of rib C denoed as SL2
3rd SL3

lst
2nd secondary left of rib nl denoted as
3rd

Notation for secondaries to the right of

tained by replacing "left" by "right" and "L"

above.

sL(3n 1)
s3n 2)(n 1,2,...)

SL 3Sn 3)

rib C is ob-

by "R" in the

Insurt ribs are denoted by the letter I followed by

the notation for the primary or secondary rib in which

they occur.

Branches are denoted by the symbols for the rib on which

they occur, followed by an order index in parentheses, and

then by a position index in parentheses. The order index

of the branch is the number of the order of the branch.

The position index of the branch is the number assigned to

it by numbering all possible branches of its order for the

rib from left to right starting with 1 for the first branch.



Nodes are denoted by the symbols of the branch of which

they form the anterior boundary. Points of origin for

inserts and secondaries are denoted by the symbols for

the rib of which they are the origin followed by (0)(0).

Examples: Second order branch on rib IL with position

index 2 denoted as 1L(2)(2). Point of origin of secondary

SL6 denoted by SL6(0) (O).
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The following method was employed for 1) 65 specimens

from the Upper Visby marl, 2) 22 specimens, from the Mulde

marl,3) 24 specimens from the Hemse group,and 4) 64 speci-

mens from the Eke group. The specimens of the other fobr

groups of strata were not analyzed by the method as a suf-

ficient number of well preserved specimens was not available.

The branching pattern of each specimen was plotted and

a record was made of I) which ribs, branches, nodes and

points of origin are present on the specimen, 2) the

number of the growth line at which each node and point of

origin present on the specimen occurs, 3) the number of

growth line spacings intercepted by each branch present,

and 4) the total number of growth lines contained on a valve

of the specimen.

The branching patterns of each horizon were then studied

in the following manner: For each of all the possible arS

of specimens from the horizon, the two branching patterns of

the pair were compared with each other and their similarity

noted. An attempt was then made to see whether distinct

groups of specimens were present in the horizon on the basis

of these comparisons.

Corre,tion coefficient. A correlation coefficient

CkA was defined which is an index of the degree of similarity

of the branching patterns of any pair of specimens k and A .
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For each of the four horizons,all of the possible pairs of

specimens from the horizon were then compared by computing

the value of the correlation coefficient for the pair.

Frequencr s~atributions of correlation coeffigients.

For a given set of N specimens from one horizon, (N) (N-1)/2

distinct correlation coefficients may be computed. Assume

such a group of N specimens consisted of P subgroups of

specimens-the members of each subgroup being markedly

similar to each other and the different subgroups being marked-

ly distinct. For such a group the frequency distribution of

the correlation coefficients must necessarily be n-modal-the

lowest modes corresponding to the correlation coefficients

between specimens of different subgroups and the highest modes

corresponding to the correlation coefficients between speci-

mens of the same subgroup. The former type of correlation

coefficients would be on the average relatively low as the

groups are by hypothesis dissimilar. The latter type of cor-

relation coefficients would be on the average relatively

high as the specimens within a given group are, by hypothesis,

similar.

If, instead,a group of N specimens does not consist of

distinct sub-groups then the correlation coefficients for the

group would not be of two types as in the previous case.

Therefore,the frequency distribution of the correlation coef-

ficients would not be n-modal.

In order to determine for each horizon whether the speci-
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mons studied from the horizon do in fact consist of P sub-

groups of the type hypothesized above, the frequency distri-

butions for the correlation coefficients of the horizon were

plotted. These distributions were studied in order to detect

any modality present.

Frequency distributions of the correlation coefficients

for i) each of the two groups of specimens from the Upper

Visby horizon discussed on page 13, and 2) all of the possible

pairs of specimens consisting of one specimen from each of

the two groups were plotted, in addition to the frequency

distribution of all of the correlation coefficients for the

horizon. This was done in order to determine the degree to

which the branching patterns of the two groups are dissimilar,

and also to determine whether the methods employed would be-

solve the relatively minor differences known to exist between

the branching pattern of the two groups.

The frequency distribution of the correlation coeffici-

ents for the 4 horizons were compared with each other in

order to detect any overall trend toward an increase or de-

crease in the degree of homogeneity.

M.ean Valuespt Correlation Co~fogg tents: The mean value h

of the correlation coefficient for N specimens from a given

horizon may be defined as follows:

k=il I=k-1

T
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(N)(N-l)
= . .... N total number of

2 - distinct correlation
coefficients

The mean value p as defined above is a measure of the degree

of homogeneity of the group of specimens for which the cor-

relation coefficients were computed. Mean values of the

correlation coefficients of each horizon were computed and

plotted as a function of time, in order to detect any such

trends of increase or decrease in the degree of homogeneity.

Correlation coefficients qf rano da4a. In order to

establish a control to which the frequency distribution of

correlation coefficients obtained could be compared, the cor-

relation coefficients for a set of random data was computed.

The random data was generated as follows: A table of random

digits was used to locate a point in the data matrix for the

64 Eke samples and the number located at the point and the

three subsequent numbers were copied. This procedure was

repeated until the number of numbers copied equalled the

number of numbers in the Eke data matrix. The numbers

copied were then put into a matrix, the correlation coeffici-

ents for this matrix of random data was computed, and the

frequency distribution of the correlation coefficients was-

plotted.
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Consldeasagain the eas. of a set of N speac o from one

horizon consisting of P subgroups-the 0eakera of each sub-

group being mrkedly similar and the subgroups being markedly

distinct. Let the correlation matrix be defined as the syw"

metrlo square matrix [CklI where

CAh 7 sorr4lation oefficient between specienea k & I(for kIA)(for k#A)
In suoh a ase it would be possible to renumber the spei-

meno such that the umbers of the specimens of each subgroup

are conseoutive itegers. The new correlation watrix [Ck 1

of the renumbered lspeamenrs ould then be partitioned, as

shown n figure 3a for the case P=3, such that 1) regions I II

and II contain correlation oefficilents between the specimens

of the same subgroup and, heno, would oontain relatively high

numbers and 2) regions IV and V oontain correlation ooeffici-

ents between specmens fr m different subgroups and, hence,

contain relatively low numbers.

Conversely, given a matrix of correlation ocefficients

partitioned as above, we my assumie that the spemens or-

responding to each of the regions 1,II, and III constitute

a distinct subgroup and that there are P such subgroups.

For the case considered above, the regaons IV and V may

be further partitioned as shown in figure 3b. Each of the

regions 1oV, I92, X3, V% V2t Y, and V oorespaond to the *or-
relation coeffilcents between a given pair of subgroups.

"U-"----~-YX-Y-*~.~.Y~ZIII -- IICI^_--i_



These would all contain numbers which are relatively lower

than the numbers in regions I, II, and III but it is not

necessarily so that these numbers have exactly the same dis-

tribution.-- I F-

I IV

-II--
I

III

I

VI

lvi IV2

II IV 3

V2 3 II

igure 3 . Possible partitioned matrix of correlation
coefficients for a group of specimens consisting of 3
subgroups. Regions I,II, & III contain relatively high
numbers and Regions IV & V contain relatively low
numbers.

If distinct groups were shown to be present in any of

the horizons on the basis of the frequency distribution of

the correlation coefficients of the horizon,then an attempt

was to be made to renumber the specimens as described above.

This was to be done using trial and error methods and employ-

ing the use of the M. I. T. I.B.M. 709 computer. This was

not done as no modality was detected in the frequency dis-

tributions.

a)
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er~i used in the definition of the correlation coefficient.

The following terms are used in the definition of the correlation

coefficients

For a given primary rib X (XC,IL, lR, 2L,2R,......6L,6R) *

on specimen ks

(n j node X(i)(j) on specimen k.

(b ) ij branch X(i)(j) on specimen k.

xk k
(GX) G((nx)~j) aniumber of the growth line at which the

node (nXg) occurs.
)k= (bx) number of=gr

() s( )j) number of grow4 line spacings intercepted
by branch (b) i j

(G ) ki-- ()G where
X X iji j/2 for j even

j+1/2 for j odd

For a given insert rib IX(i)(j) (X=C, L,L .R,*..,.6L,6R)

occurring inside a primary rib on specimen kt

(iX)k point of origin of insert rib IX(i)(j)

k k
(G ) ij G((i ) j number of the growth line at which

(ix ) j occurs

= (( ) number of growt line spacings between
(ix)ij and (nX)ij

* the termsat bracha4 node, point of origin, element, primary
rib, secondary ri er rib are defined on page 12. The
notation used for these structures tA defined on page 21 ,



Gk ot total number of growth lines on specimen k. (considering
tot the commissure as the last growth line.

L, limit number. (number involved in the definition of the
correlation coefficient such that, if a pair of correspond-
ing growth line spacings differ by greater than L then an
increment of 1 will be added for the pair to the denominator
of the correlation coefficient and nothing will be added to
the numerator of the correlation coefficient for the pair.)

For a set Qi N(Q) operator which gives the number of distinct
elements in the set Q.

P:1E Set of all pairs of corresponding branches (b.) and (b)
on speaimens k and I which are bounded both anteriorly and

posteriorly by nodes.

P Set of all pairs of corresponding branches (b) 4 and (bx),j

on specimens k and I for which one of the pair is bounded

both anteriorly and posteriorly by node$ and 'the other is

bounded by a node only at its posterior end, and for which

the following is true:

(S) k K (s'x) - L where

( 'X ) I x tot - (nX)14

J/2 if J even

- +1/2 if 3 odd
and where specimen k is considered to be the
specimen bounded both anteriorly and posteriorly
by nodes.

k1- i0 k1
P = P, + P2

II ==-  Set of all pairs of corresponding insert rib points of origin
()k and (ixi which are present on specimens k and 2

4 LB Set of all insert rib points of origin which occur within a
primary rib of specimen k or R for which there is no
correponding point of origin on the other specimen and
for which the followipg is trues a) the node above the
insert is present on both specimens, and b)

-ij-tot (%4 ) -L
where specimen k is considered to be the
specimen on which the point of origin is
present.

492 + I1



NkI total number of distinct elements on samples k and
which are to be involved in the correlation.

As an example to illustrate the meaning of some of the above

terms consider the shell shown in figure 4.
A

0

Fm 4

V X

IF]B=R 4

IO anm grg nuS I to S Com o itast aea~.

F&onts A,Bo, snd D ae the potsb ot rtrain of peary

ribs 2L*,IL,,, and R repeoti UW. Point L is the point

of orlgin of a srb and points I saMd P are points

or origin o lsneerbs W(1)() and rma(l)(1) ruspetivwly.
It we o dnseer the , see n as betE specS en #8a, ten

points 31,J,D,KNS & N an adea (nc)8. (nolD (n)L

(aw.v (awunj (antR . (Za)2, sad (1a)& respectively.

Table 2 gives thesaSn o ad th v Uale o nrOh " at

the Brow Ine at t@ah t r of the above nodes occur.

(bC), (bc)L) (b04,B (b)L (b0)§, (be) . (bc 4

(blL)1 (blL 81, and (blL) 2 respectively. (branches on ribs

7 2, & 2R are not listed).

__ __ __/mll____lllLX__CLIIL I~ (~-l--^IIYII -
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Table 3 gives the designation and the value of the number of

growth line spacings intercepted by 4 of the above branches.

The insert rib points of origin I and P are denoted by

()a1 nd (i2R 1 respectively. (Oi)81 is the

number of the growth line at which (I ) 8 occurs and is
C 11

equal to 5. (1 )8 is the number of growth line spacings
IC 11

between (i) 1 d (n) 1 and is equal to 4 8 0o is 6.tot

node designation or
number of the number of the
growth line at growth line at
which node oura .s wicha node ours

(o 1 1 1
(nC)2C)(nC)8 (00 8 4

(alR) (1R 1

(nL 1 (02)84iIlil

branch designation of number of growth
number of growth line spacngs
line spaoings intercepted by branch
intercepted by

(bC)8 (1 )l 2

(b )8 ( )8 41R 11 1 11

(b ) ) 3
IL 11 L 11

(b21) ) (8 2
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The first summation in the definition is to be taken

over all X,i,J for which there is a corresponding pair of

k qbranches (bx)j and (bx)) in the set Pki. The second sum-ijij 1

mation is to be taken over all X,i,j for which there is a

corresponding pair of points of origin (i )k and (i ) 2in
x ij x I

the set Ik).

It is apparent that, by definition, all correlation co-

efficients for which the patterns involved are identical

equal i, all correlation coefficients for which the patterns

involved are markedly dissimilar equal 0, and that 0 < Ck l.

The correlation coefficient is defined as a function of

1) the number of growth line spacings intercepted by branches

of primary ribs on the specimens and 2) the number of growth

line spacings which occur between a) the points of origin

of the insert ribs on the specimens which occur inside

primary ribsand b) the nodes above these insert ribs.

Both types of data are very similar in that each consists of

numbers which specify the growth line spacings between adja-

cent nodes or between nodes and adjacent points of origin.

As there are many more branches of primary ribs than there

are insert ribs within primary ribs, the value of the correl-

ation coefficient is largely determined by the former.

The correlation coefficient is defined such that, if

a given branch (bx) i on specimen k is bounded both anteriorly

and posteriorly by nodes, and the corresponding branch

(bx)i on specimen I is bounded by a node only at its posterior

end, then the branches may or may not be considered in the
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computing of the correlation coefficient. Whether or not

these elen:,ents are considered is determnined by the following:

If the rinimur lencth Which (b) could have had,if speci-

men i had developed to a later stage of growth,is greater

than or equal to (X)I + L then the branches are considered

as not correlating. A- increment of 1 la added to the de-

n~iainator of the correlatio- coefficient for these branches

and nothing is added to the hnumerator of the correlation co-

efficient for these branches (as is done for pairs of branches

both of which are bounded both anteriorly and posteriorly

by nodes and whose growth line spacings differ by L or

greater). This procedure is followed as, independent of

where (bX)j would have terminated had growth progressed

a k
further, (a )j would be equal to or greater than (a )iJ+L

and, in any instance where this is true, the branches in-

volved are considered as not correlating. If the minimum

length mentioned above is less than (sa) + , then the

branches are not considered in the computing of the correla-

tion coefficients.

An identical procedure is followed for the case where

the point of origin of an insert rib is present on one

specimen but absent on another and the node above the in-

sert rib is present on.both specimens.

As an example of a computation of a correlation coeffi-

cient the specimens numbered I and 2 shown in figure 6 is

sidered below and the correlation coefficient computed '

case L=2: P 12 consists of the following pairs of bra"
1
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(bC)1and (bC)Jp (bC) 1 and (b2 1, (b0) 2, and (bC) 2, (bl(R)31 and

(blR1 i, (blL l1 and (blL) 1, (b2L)f1 and (bL )1'

P12 consists of the following pairs of branches (bc)l and
(b (b 1 and (bR12 onsists he pair

(b) 342 (2R and (b2R)l. 12 consists of the pair

(iA)1 and (1C) ' I1 2 consists of (12L)
I1"

N12 - N(P1 2+ p1 2 + 112 + J12) = 6 + 2 + 1 + 1 =10
1 2 1 2

X,ij for which there is a corresponding pair of branches

in P12 are listed in table 4 and the values of H1 2 are given.
1 xli

C12 1/2.011

12
xii

C12 -

12

xi in I12

N1 2

- (144+44) + (4)
10

Table 4.

X,ij 12
NXi.

C,1,1 I
C,2,1
C,2,2

IR, 1,1
IL, 1,1
2L,1,1 I
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Specimen 2.

FIGURE 5.

I_ I~~CI1I~ 1__1____ IC
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znado 9£ e0 mputin1 corrnlatiol oQefftgipeflM. COTr
relation coefficients were computed by the M . * T.

1. B. M. 709 Digital Computer. For each of the horizons,

data was Introduced into the computer as a mXn matrix

Swhere m is the total number of elements which were
compared for each pair of specimensa, and n is the total

number of specimens which were compared. Each row of the

matrix "kp] consisted of the growth line spacings of a parti-

oular specimen which were to be compared, arranced in a

specific sequence which was the same for all specimens of

the horizon. Zeros were placed in the positions In the row

correpondin to branches,and insert ribs and associated nodes,

which were not present on the specimen. The growth line

spacings intercepted by branches which do not have an adjacent

node at their anterior end were introduced as negative number'.

The growth line spacings seperating nodes,which have no assoc-

lated insert rib,from the anterior or lateral commissure were

introduced as negative numbers in the positions in the row

corresponding to the associated insert ribs. All other dkta

was: introduced as positive numbers.

The following input format was used for a specimen k

from the Mulde, Hemse or Eke horisonst

(s(a ) )

(st) (is )k (s )k  (SO)k
C 42 3 a4 C 45

ac 46 C47 a 48
(,Ih ) kS ) k 

(S1 3 C 4 C 1 ic42

(aC)43 4C)4 Iic45 (xic)46

(10cl 7 148 t 1 81(s81L)21



(S1L)22

(a )k1L 34

02L 31

3L 1

32

(aR )k
2R 2

(s2R 34

(3R )31

(s )k
1L 31

(a1 )k
2L 11
(a )k

(82 32
(a ) k(3L 21
(a )k

333

1R22(81R)
1R34

2R 31
(SR )k(83R

(8 )k
(2L21

(a )k1
2L 33

(a )~k
(83L 22

(a )kC

31.34(a )k
2R 11

3R 21

(a )k
1L 33

(2L 22
(a )k

2L 3421.22
(a )k

3L 31
( )k
iR 11

(s )k
IR 32

R 21
( )k

2R 33
(8 )k
(*3R 22

The following input format was used for a speoimen

k from the Upper Visby horizon:

(BC IO
('o61C 910

(SC 914

(Sc 3

0 4

(Lf C t

(a1

C 2

(a 11

(IL t1

c%,. :,.

(S
022

O34

(s j

(B Y16(sc8 ac &8

IC1

('L 2(SL r8

cL t3( L 2

C 31

(sC 1
(a )
045

059(a Ni

0 513

(a1  6

(ac a5
Ic6

(IC ~

1L 21

1L 3

(a
2L 4

39



s )k
(3L 11

(54L)91

(s4)33
(iR 22)

(s R)k

(s2R)k31

(83R 1

l R~3

(83L) 3

*3L33

(sL)34
"1R 31

(2R)k

(S3L) 2

(s4L)k

(a 1R)

(8I 32
2R 21

R 33

(s3R )2L

(84R 31
0

3L 31(s3L)kll
(sa )k

4L 32

(s R)3I 2R)1

3R 3

411

0

40



The following Fortran program was ePCloyed for each

of the 4 horizons with proper values substituted for m and n

Pro jrar used Zor oomputLnT correlation aoefttients comparing m
elements for n specimens for the case L=4:

C EIXAER, OHARLES W0CS,K1263
WRII OUTPUT TAPE 2,5
"0MAT(13H HARPER n12"

DI4ENSIQNiE A(n,r)ACi,n)
PAD INPUT TAPE 410, (A(I,J)., 1,m),Jln)

1IOrIIKT(4E18.8)
DO 140 Juln-1
KO-J+l
~0.-130 K K0,n
DEmm.E0
DO 100 L iM
P A LJ6100,20

3C IZVApI L O)A tsJ)*4.30150t50 5
50 .(1AO 4ABiA(L,)-A L,J))/4 OEO)

00o TO 75
65 IP(A(LK )01,l00 70
70 IP(A(LA(LJt A L,K)+ .E0)75,75,100
75 DENIDENI+1 .EO
100 COWtIlE

(D)00aoo, o10, 120
110 C(J,K)1.E0

GO TO 130
120 C(JK) 001AEN130 CONTINUE

140 CONTE
DO 150 Jel,n-l
JAB +1
WRITE OUTPUT TAPE 2,10,(C( ,K),K=JAn)

150 COWINUE
200 CALL EXIT

END
DATA

The above program is for correlation coeatfficients oco-

puted with L. A program identical to the above except

that 4 is replaced by 3 in statements 30,50, and 70 was used

for correlation oefficients, computed for the ease L3, for
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all 4 horizonso

Some correlation coefficients were computed by hand,

and the results were compared with the corresponding re-

sults produced by the computer. These were found to be

the same as the latter.

Elements which were compared.

specimens from the Zulde, Ilemse and

elements were compareds C(1)(1), C

In the anzalyses

Eke horizon the

(2)(1), C(2)(2),

of the

fo] lowing

C(3) (1),

(3) (2),

C(4) (5),

IC(2)

IC(4)

c(4)

1L(3)

2L(3)

3L(3)

1R(2)

2R (2)

3R(1)

3k(3)

(2),

(2),

(3),

(2),

(1),

(2),

(1),

(I),

(4).

C(3) (3),

C(4) (6),

IC(3)

i-C (4)

1L L(1)

1L(3)

2L(3)

3L(3)

lR(3)

2R(2)

3R (2)

c(3) (4)

C(4) (7)

(1),

(3),

(1),

(4),.

(3),

(2),

(1),

(2),

(1),

c(4)

C(4)

IC(3) (2)

IC(4) (4)

L(2) (1)

2L(1) (1)

2L(3) (4)

3L(3)(3)

2R (3)4(1)

31(2) (2)

(1)

(8)

IC(3)

IC(4)

14(2)

2L(2)

3L(1)

3L(3)

2R (3)

3 (3)

c(4) (2),

IC(1) (1),

(3), IC(3)

(5), IC(4)

(2)o 1L(3)

(1), 2L(2)

(1), 31(2)

(4), 11R(1

(2), 2 R3)

(1), 31(3)

C(4) (3), c

IC(2) (1),

(4), IC(4)

(6), IC(4)

(1), 1f(3)

(2), 2L(3)

(1), 3L(2)

(1), IR(21

\4, 21Z(I)

(3), 2R(3)

(2), 3R(3)

Primary ribs lateral to 3L and 3R were not considered

as the patterns of these ribs, were obscure in most

cases. Insert ribs occurring inside lateral primary ribs were

(1),

(7),

(2),

(3),

(2)e

(1),

(4),

(3),
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aot considered as they occurred only infrequently in the

specimens.

In the analysis of the specimens from th e Uper Visby

horizon all of the above elements considered for the other

horizons were compared. In addition the following elements

were compa~edz C(5)(), C()(2),C(5)(3 C(5)(3), C(5)(4), C(5)(5),

C(5)6), C(5)(7), C(5)(8), C(5)(9), C(3)(10o), C(5)(1,

C(5)(12), C(5)(13), C(5) (14), C(()(5) 5) j16), 4L(1)(1),

4L(2)(1), 4L(2)(2), 41 13)(1), 4L(3)(2), 4L(3(3)(3), 4L(3)(4),

4R(11)(1), 4R(2)(1), 4R(2). ), 4(3)(1), 4(3) 4R2, (3)(3),

4R(3) (4). Fifth order brnches for Lhe entra_ primary

rib were considered as the order of branrching present is

on the aveage highec for ona of the 2 groups of Upper Visby

specimens than for the rest of the specimels in the z llection.

Primary ribs 4L and 4R were compared as these ribs are not

obscure in m&ay cases in the Upper Visby collection.

.Secgdary ibs* Ina the definition - R the correlation

coafficient secondary ribs were riot considered because, on

tL'e basis of what is kowa about the bra -chi g pattern,

the
it is not possible to conclude whatnhomologies between the

seconda:ry ribs of different specimens are. For a discussion

of the homologies of secondary ribs see Appendix a.
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WULS kF ANAYSIS 9 BRfNfHING PATTRNS:

The tables and graphs in this section constitute the

results which are the outcome of the analysis of the rib

branching patterns described in the previous section.

In this section, the first group of specimens from the

Upper Visby marl described on page 1Sis referred to as group

A, and the second group of specimens described are referred

to as group B.
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Table 5.

Distribution of corrlation coefficients of specimens

from the Upper Visby mrl1 cosputed for the case I,3

Clas Class

.000-.039 .800-.839 13

.404- 079 6 .840-.879 2

*080-.119 23 . 8;0-9 1, 7

.120-.159 -4 *920-.959 4

160-199117 .960-.99 2

.200-.239 2U0

.2403-.279 23<1

*280-.319 23

.320-.359 .

.360-.399 224

.400-.439 1 4

.440-.479 123

.480-.5 19 93

. 520-.559

.S60-.363 4,

.600-.639 a21

.@40- .679 33

.680-.719 10

.720-.7.9 17

.760-. 799
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Table 6.

Distribution of correlation coefficients of specimens

from the Mlulde marl computed for the case L=3s

Class Class
er Frequln cy Inteaa Liaauac

.000-.039 0 *800-.839

.040-.079 0 .840-.879 0

.080-.119 1 .880.919 0

.120-.159 5 .920-. 959

.160-.199 20 .960-. 999

.200-.239 14

.240-.279 37

.280-.319 18

.320-.359 40

.360-.399 22

.400-,*439 22

.440-.479 12

.480-. 519

.520-..559 11

.560-.563 10

.600-.639 3

.640-.679 5

.680-.719 1

.720-.759 2

.760-.799
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Table 7

Distribution of correlation coefficients of specimens from

the Hemse group computed for the case L3ao

Class Class
~ntemrav rxcn n c IXn eryal rreamuency

.000-.039 0 .800-.839 0

.040-.079 0 .840-.879 0

.080-.119 0 .880-.919 0

.120-.159 2 .920-.959 0

.160-.199 4 .960-.999 0

.200-.239 8

.240-.279 20

.280-.319 22

.320-.359 25

.360-.399 3 4

.400-.439 39

*440-.479 30

.480-.519 32

.520-.559 22

.560-.563 19

.600-.639 6

.640-.679 8

.680-.719 4

.720-.759 1

.760-.799
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Table 8.

Distribution of correlation coefficients of specimens

from the Eke group computed for the case L3s*

Class Class

.000-.039 0 .800-.839 r1

*04-* 079 .840-.879

.080-.119 6 .880-.919 16

.120-.159 9 .920-.959 12

.160-.199 46 *960-.999 Y

.200-.,239 67

.240-,279 79

.280-.319 97

.320-.359 167

.360-.399 199

.400-.439 246

.44Q0-479 221

.480-.519 1?

.520-.559 194

*560-.563 166

*600-.639 106

.640-.679 114

.680-.719 62

.720-.759 34

.760- 799 23
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Table 9.

Distribution of correlation coefficients of specimens

from the Upper Visby marl computed for the case L04t

Class Class

.000-.039 .50 .800-.839

.040-.079 0 840-.879

.080-.119 14 .880-4919

.120-.159 15 .920-.959

.160-,199 56 i960-.999

.200-.239 68

.240-'279 163

.280-..319 210

.320-.359 244

.360-.399 248

.400-.439 231

*440-.479 207

.480-.519 143

.520-.559 118

.560-.563 77

.600-.639 60

.640-.679 52

.680-. 719 39

.720-.759 21

.760-.799 11

53

quency

12

24

7

10

0
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Table 10

Distribution of correlation coefficients of specimens

of group A from the Upper Visby marl computed for the case

-Xt4:

Class

.000-.039

.040-.079

.08O-.119

.120-,.159

.160-.199

.200-.239/

.240o-279

.280-,319

.320-.359

.360*-.399

.4oo00-.439

.440-.479

.460-.519
.520- ,559

.560-.563

.600-.639

.6410-.679

.680-.719

.720-.759

.760-.799

40

. 0

12

24

38

93

133

150

141

138

133

44

30

35

18

Class
Interval

.800-.839

.840-.879

.880-.919

.920-.959

.960-*.999

4

5

3

0

II II II I 1 111~---------~------. - --- ~-
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Table 11.

Distribution of correlation ooefficients of speolmens

of group B from the Upper Visby marl computed for the case

Class Class
Inter al, Pew~un InterX l Prgauenar

.000-.039 o .800-.839 1

.040-.079 o .8 4 0-.879

.080-.119 o .880-.919

.120-.159 1 .920-.959 I

.160-.199 o .960-.999 o

.200-.239 6

.24o0-.279 11

,280-.319 11

•.320-.359 10

.360-.399 17

.400-.439 11

,44,0-.479 6

.480- .519 5

.520-.559 4

.560-.563 4

.600o-.639 5

.640-.679 1

.680-719 1

.720-.759 5

.760-.799

I 1__ ______il__ _i~ _sl~ 1_1_ _I C-- -IIIIC -V- i---
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Table 12.

Distribution of correlation coefficients between pairs

of specimens froma the Upper Visby marl for which one of the

pair is from group A and the other is from group B, computed

for the case 1*A:

Class Class
InrMequencv fterva* reouenec

.000-.039 10 .800-.839 7

.040-.079 o .84o-.879 11

.080-.119 .880-.919 1

.120-.159 9 .920-.959 6

.160-.l199 32 .960-.999 0

.200-.239 24

.24 0-.279 59

.280-.319 66

.320".359

.360-.399 90

.400-.439 32

.440-,479 68

.48o-.519

.520-.559 50

.560* .563 29

.600-.639 25

.640o.679 16

.680-.719 20

.720-,759

.760o-799 5
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Table 13.

Distribution of correlation coefficients of specimens

from the Mulde marl computed for the ctee Lw4s

Class • Class

.000-. 039 0 .800-,839

.040-.079 0 .840.879

.080-.119 0 .880-.919

.120-.159 1 .920-.959

.160-.199 10 .960-,999

,200-.239 9

.240-.279 20

.280-.319 25

.320-.359 16

.360-.399 30

.400-.439

.440-.479

.480-.519

.520-.559

.560-.563

.600- .639

.640- 679

.680-%719

.720-.759

.760-.799

)nan92

L

)

27

21

20

14

9

1

10
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Table 14.

Distribution of correlation coefficients of specimens from

the emase group computed for the case 14s:

Class Class
Intval cFrequency 4n2P arv anIrI

.000-.039 0 .800-.839 o

.040-.079 0 .840-. 879 1

.080-.119 0 .880-.919

.120-.159 0 .920-.959 O

.160-.199 0 .960-.999 0

,200-.239 1

.240-.279

.280-.319 10

.320-.359 20

.360-.399 23

.400-.439 29

.440-.479 20

.480-.519 26

.520-.559 37

.560-.563 42

.600-.639 24

.640-.679 19

.680-.719 7

.720-.759 8

.760-.799 5
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Table 15

Distribution of correlation coefficients of specimens

from the Ske group computed for the case LE4s

Class Class
IqeUvaA recquerncy rt r 1

.000-.039 o .800-.839

.040-.079 0 .840-.879

.080-.119 0 .880-.919

.120-.159 0 .920-.959

.160-.199 10 .960-.999

.200-.239 14

.240-.279 33

.280-,319 46

.320-.359 62

.360-.399 106

.400-.439 147

.440-.479 201

.480-.519 203

.520-.559 233

.560-,563 229

.600-.639 231

.640-.679 14.

.680-.719 145

.720-.759 37

.760-.799 39

34

23

17

6

5

65
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Table 16.

Mean value of the correlation coefficients

computed for the case L=3.

Horizon ;ean Value of ~orrelation Coefficients

&e Group .464

Hemnse group .432

Mulde marl 3 59

Upper Visby arl .353
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Table 17

Mean value of the correlation coeffCclents

computed for the case 1=4.

- orizon &ean Value of Correlation Coefficient*

Eke group •556

Hemse group .523

Mulde marl .430

Upper Visby marl .417

._.._ ____ ~_~_~__ _~_________________________ ____~___~ 1 .~IL
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Table 1.

Distribution of correlation coefficients of randomly

generated date discused on page 26, computed for the case L=3:

lass Interval Freuency Clas Interval Frequency

.000-.039 4215 .800-. 39 11

.040-.079 112 .840-.879 0

.080-.119 89 .0-.919 

.120-.159 106 .920-.959 0

.160-,199 180 .960-.999 12

.2'0¢-.239 146

.240-.279 159

. 280-.319 53

.32l-.359 224

.360-.399 88

.400o-.439 79

.440-*479 58

.480-.519 82

. .O- .559 43

.560-.599 21

.600-.639 11

.640-.679 45

.680-.719 i

.720-.759 7

.76C-.799 2
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No definite modality is evident in the frequency distri-

butions of correlation coefficients from any of the four horizons

considered. (See tables 3-1 and graphs -1i). Therefore, it

is not possible to subdivide the group of specimens from any

of the horizons into distinct subgroups on the basis of the

results obtained, We may conclude that either 1) distinct sub-

groupings are not present in the horizons or 2) distinct sub-

groupings are present but they are of a nature such that they

are not resolvable by the methods used. With regard to the

latter, it may be noted that the methods used to test for the

presence of subgroups compare the branching patterns of the

primary and insert ribs as a whole, and do not necessarily re-

solve subgroupings which may be made on the basis of a particular

part of the pattern such as, for example, the median primary rib.

The distribution of correlation coefficients from the

Upper Visby horizon for groups ir'a4 B, "and between pairs of

specimens for which one is from group A and the other is from

group B, are indistinguishable from each other and from the

distribution of correlation coefficient for the specimens Of the

Upper Viasby horizon as a whole. (See tables?-12and graphs9-12).

We may conclude from this that 1) the degree of homogeneity ex-

hibited by the specimens from the Upper Visby horizon considered

as a whole is the same as that of each of the constituent groups

considered separately, and 2) the methods employed did not re-

solve the relatively minor differences in the branching patterns

of groups A and B described on page 18 .



74

The frequency distribution of correlation coeffclients

for the four horizons sljrsl;fi~itC to the right as a function

of time, for both the ae case L=3 and La&. (See tables 5-~Band

graphs 5-1g. The mean value of the correlation coefficients

increases with time for both the case Lo3 and L$. (tables 16&17
16&

and graphs 17). Both of the above results are consistent

with an overall trend of an increase in the degree of homo-

geneity present as a function of time.

For each horizon, the great majority of the correlation

coefficients lie between .25 and .75. We may conclude,

from the fact that the majority of the correlation coef-

ficients are less than .75, that the branching patterns ex-

hibit a definite amount of variation from one specimen to

another. We may conclude, from the fact that the majority

of correlation ooefficients are greater than .2% that there

is, nonetheless, an underlying similarity in the branching

patterns from one specimen to another.

The correlation coefficients of the random data 4iM8tg p h- 1Q

tributed much more discontinuously and irregularly than the cor-

relation coefficients for the ppecimens studied. Thus, any

conclusions made from the results of the distribution of

correlation coefficients may not be invalidated on the

basis that similar results were obtained from random data.
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The following is a list of fossil localities from

which the fossils considered in this report were obtaineds

56-G-17 Mulde brickyard, Mulde marl, Klintehamn quadrangle.

56-G-23 Mastermyr canal, east of Sprage-Hablingbo roadt

Hemse skiffer, Hemse quadrangle.

56-G-25 Lau canal, Hemse marl just south of the Eke Outcrop,

Ronehamn quadrangle.

56-0-26 One-half way between Adgvide and Haffride, Hemse marl,

south on N-saide of road, Ronehamn quadrangle.

56-G-33 Quarry of cement plant in slide. Slite marl, Slite

quadrangle,

56-G-34 Shore on point between Gustavsvik and snackgardabadeu,

N of Visby; L. Visby marl, Visby quadrangle.

56-G-37 Eke group (youngest part) about 500 m. $S.W of Ronehamn

Harbor, in ditch (just below contact with Surgevik

sandstonel Ronehamn quadrangle.

56-G-38 Laubacker, Eke marl, Ronehamn quadrangle, Lau Parish.

56-G-47 Shore at Gnisvarda flge., Upper Visby marl, Tofta Parish,

Klimtehamn quadrangle.

56-G-50 E. side of Kopparsviksgaton and Gutevagen, Visby, where

these streets intersect. Basal beds of Hogklint group,

Visby quadrangle.
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AnEda 4JI (continued)

56-G-51 Just N. of road 2 km, S. E. of Hease station,

Hemse Parish, Hemse quadrangle, Hemse marl.

56-G-66 Rover Liljas hala, parish of Vasterhejde, lowermst part of

Hogklint group, Visby quadrangle.



APPENDI : HOMOLOGIES OF Q gONDARY BS

In the definition of the correlation coefficient

secondary ribs were not considered because, on the basis

of what is known about the branching pattern, it is not

possible to conclude what the homologies between the second-

ary ribs of different specimens are. The following is a

discussion of the possible homologies that may exist between

seenondary ribs of the fossils studied.

Between any two given primary ribs or between a given

lateralmost primary rib and the lateral commisure on the

fossils studied there may be 0, 1, 2, or 3 secondary ribs.

Hence, for two specimens A and B there are 10 possible com-

binations of numbers of secondaries between two given primaries

or between a lateralmost primary and the lateral commisure.

Each of these combinations is listed below and the possible

homologies are noted.

QA and QB are the number of secondaries in the region compared

on specimens A and B respectively.

Case 1: QA=%=O.

Case 2: QAfo QB=l.

Case 3: QA=O Q=2.

Case 4: QA=0 %=3.

Case 5: QA=%=I* In this case it is possible the two second-

aries present are homologous but it is also possible

that they are not homologous.



Case 6: QA= 1  QB=2 . In this case the secondary on specimen

A may or may not be homologous to one of the two

seoondaries on specimen B.

Case 7: QA= 1  QBa3. In this case the secondary on specimen A

may or may not be homologous to one of the 3 second-

aries on specimen B.

Case 8: QA= 2  QB 2  In this case the following interpretations

are possible: a) the two secondaries on specimen a are

homologous to the two secondaries of specimen B,

b) the most medial secondary on specimen A is homo-

logous with the most lateral secondary on specimen B

and the remaining secondaries are not homologous,

c) same as above with B and A interchanged, and d) none

of the secondaries present are homologous.

Case 9: QA2 QB3. Let the medial and lateral secondaries

on A be denoted by Al and A2 respectively and the

medial, middle and lateral secondaries of B be de-

noted by BI, B2, and B3 respectively. The following

interpretations are possible: a) Al is homologous

with B1 and A2 is homologous with B2; b) A1 is homo-

logous with B1 and A2 is homologous with B3; c) A1 is

homologous with B1 but A2 is not homologous with B2
or B3; d) A1 is homologous with B2 and A2 is homo-

logous with B3; e) A1 is homologous with B2 but A2
is not homologous with B3 ; f) A1l is homologous with

B3 and A2 is not homologous with any of the second-

aries on specimen B; g) A1 is not homologous to any

of the secondaries on specimen B but A2 is homologous



to BI , B2 , or B3; h) none of the secondaries present

are homologous.

Case 10: Q Bm3. Let the medial, middle and lateral second-

aries of specLmens A and B be denoted by Al , A2 , A3

and Bl, B2, B3 respectively. The following inter-

pretations are possible: a) A, A2 and A3 are homo-

logous to B', B2 and B respectively; b) A1 and A2

are homologous to Bl and B2 respectively and A3 is

not homologous to B3; c) Al is homologous to B1

and A2 is homologous to B ; d) A1 is homologous

to B1 and A3 is homologous to Ba; e) A1 is

homologous o ato B ; f) A1

is homologous to BI and neither A2 nor A3 are homo-

logous to secondaries on specimen B; g) A1 is homo-

logous to B2 and A2 is homologous to B3; h) A1 is

homologous to B2 and A3 is homologous to B3; 1) A1

is homologous to B2 and neither A2 nor A3 are homo-

logous to secondaries on specimen B; J) A1 is homo-

logous to B3 and neither A2 nor A3 are homologous

to secondaries on specimen B; k) A2 is homologous to

B1 and A. is homologous to B2a 1) A2 is homologous

to BE and A3 is homologous to B3; m) A2 is homologous

to B2 and A3 is not homologous to any of the second-

aries on specimen B; n) A2 is homologous to B2 and

A3 is homologous to B3 but A1 is not homologous to

Bl o) A2 is homologous with B2 but neither A1 nor A3



SO

are homologous to any of the secondaries on specimen

B; p) A2 is homologous with B3 but none of the other

secondaries are homologous; q) A3 is homologous with

B3 but none of the other secondaries are homologous;

and r) none of the secondaries are homologous.



The following section consists of a list of the values o' the

growth line spacings for the Upper Visby marl, Mulde

marl, Hemse group, and Eke group which are listed on

pages 3%,9,40. The data for each specimen is listed

in the order given on pages 38a539,&40. The growth line

spacings intercepted by branches which do not have an

adjacent node at their anterior end are listed as nega-

tive numbers. The growth line spacings separating nodes,

which have no associated insert rib,from the anterior

and lateral commissure are listed as negative numbers in

the position corresponding to the associated insert rib.

Zeros are placed in the positionsin the sequence for a

specimen corresponding to branches, and insert ribs and

corresponding nodes, which were not present on the specimen.

All other data is listed as positive numbers.



DATA FOR THE UPPER VISBY MARL

THE FOLLOWING IS A TABULATION OF THE DATA FOR

SPECIMENS FROM THE UPPER VISBY MARL. THE DATA FOR EACH

SPECIMEN IS LISTED IN THE ORDER GIVEN ON PAGE 38.

SPECIMEN I

1 *EO 1.EO

1EO -18*EO

9*EO 4.EO

0.EO O.EO

O.EO O.EO8*1EO *-11wEO

-12oEO -12.EO

OEO O.0EO

O.EO OOEOOEQ 16.E0

OEO OoEO

OoEO O.EO

120.E0 O.EO

OeEO O.EO

*IOEO -10EO
O*EO OOEO

1O.EO

-8.EO

7.EO

O.EO

-l6. E 0

-IO.EO

O*EO

O*EO

O#EO

O.EO

O.EO

O.EO
0.EO

O.EO
O.EO

0.EOOEO*4*E0L040Q

040o

0408

040E

L EO

3,EO

-*8EO

5,EO

OeEO

**6 & E 0

-10.EO

-OEO

O0EO

OoEO

O.EO

O,EO

O.EO

O.EO

O*EO
040

1 CA,



O*Eo

O*E*

-5#E0

OoEO

-5*EO

6*EO

O*EO

O#EO

O*EO

SPECIMEN

l#EO

19EO

-8*EO

6*EO

OOEO

-8*EO

--9*EO

O*EO

7*EO

O*EO

O*EO

O*EO

-*6*EO

OOEO O*EO O*EO

O*EO 15*EO -S*EO

O*EO O&EO O*EO

?oEO 8*EO -*13*EO

-m5oEO O#EO O*EO

**14,o EO -14*EO- O*EO

OoEO O*EO O*EO

OoEO OOEO O*EO

O*EO O*EO O*EO

2

IOEO 1*EO 7*EO

loEO -14*EO -*8*EO

6*EO 5*EO 5*EO

O*EO O*EO O*EO

O*EO- O*EO "S*EO

---9*EO -9*EO -9*EO

-ft$ * ElO --,-8 * EO O#EO

O*EO O*EO O*EO

O*EO O*EO O*EO

O*Eo OoEO OOEO

-0*-EO- 0 * EO-

O*EO,-, ll*EO -6*EO

O*EO O#EO O*EO



**12#EO,

O#EO

O*EO

O#EO

O*EO

-4*EO

O*EO

-5*EO

O*EO

O#EO

OoEO

O'WE0

O#EO

54;EO

O*EO

O*Eo

O*EO

O*EO

O*EO

OoEO

12*Eo

OjEO

O*Eo

O*EO

O*EO

O*EO

-12*EO

O*EO

O*EO

O*EO

O*EO

13,*EO

O*EO

-P-5*Eo

O*EO

O*EO

O*EO

O*EO

O*EO

OOEO

O*EO

O*EO

O*EO

O*EO

O*EO

-4*EO

O*EO

O*EO

-k-17*EO

O#EO

O*EO

O*EO

SPECIMEN 3

O*EO I *EO 1*EO

4*EO 2 *EO 10*EO

12*EO 6*EO 6*EO

13*EO -17*EO -,-17*EO

O*EO O*EO -9*EO

lOoEO -wl7*EO -17*EO

9*EO **12*EO --*12*EO

O*EO O*Eo O*EO

O#EO 6*EO O*EO

6*EO

-21*EO

4*EO

O*EO

-9*EO

-17,*EO

O*EO

O*.0

O*EO



4

O*EO O*EO O#EO

O*EO O*EO O*EO

O*Eo 1 *EO S*EO

-- 19*EO -19*EO -wl8*EO

-28*EO O*EO O*EO

O*EO O*EO O*EO

O*Eo O*EO O*EO

O*EO O*EO O*EO

O*EO O*EO O*EO

O*Eo 3*EO ll*EO

-*14*EO -14*EO -10#EO

10*Eo -17*Eo -17*EO

O*EO O*EO O*EO

-*17#EO -179EO O*EO

O*Eo O*EO 6*EO

-*22*EO O*EO O#EO

O*EO O*EO OOEO

O*EO

O*EO

OOEO

9*EO

,,-I$*EO

O*EO

OoEO

O*EO

O*EO

O*EO

15*EO

-o,10*EO

ll*EO

O*EO

-*22*EO

O#EO

SPECIMEN 4

1 *EO

8*EO

9*EO

109EO

O*EO

l*EO

5*EO

7*EO

*-15#EO

OsEo

5*EO

-18*EO

-*17*EO

OoEO

O*EO

20EO

3*EO

-180EO

59EO

O*EO



OOEO -109EO -10*EO O*EO

O*EO -12*EO -12*EO O*EO

OoEO w5*EO -*5*EO O*EO

O#EO O*EO O*EO O*EO

OOEO 09EO O*EO O*EO

OOEO OOEO O*EO O*EO

O*EO OOEO 6*EO 10*EO

-18*Eo *-8*EO -*8*Eo OOEO

O*F-O 5*EO owl 9*EO 19EO

O*EO OOEO -18*Eo -*18*Eo

o-24*EO OvEO O*EO O*EO

O*EO O*EOl ---- O*EO O*EO

O*EO O#EO O*EO O*EO

O*EO O*EO 4*EO 5*EO

6*EO ow 159EO -15*Eo -14*EO

,-14,*EO 4*EO -20*EO 8*EO

O*EO O#EO -12*EO -w-12*EO

OoEO OoEO 0 e EO O*EO

O*EO OOEO O*EO

O*EO Oo EO O*EO O*EO

O*EO O*Eo O*EO O*EO

SPECIMEN 5

10fo 1*EO l*EO 3*EO

4*EO 2*Eo 4*EO 10*EO



9*EO 9*EO

12*EO 12*EO

-15*EO -15*EO

80EO -wSoEO

ll*EO ll#Eo

-12*EO -12*EO

O*EO O*EO

OOEO OoEO

O*EO O*EO

04EO 10*EO

0 # E-0 ---0 & E 0

-30*EO O*EO

O*EO O*EO

.-17*EO -17*EO

O*EO O*Eo

O*EO OoEO

O*EO 8*Eo

"10*EO -100EO

20*EO -109EO

O*.0 O*EO

O*EO O*EO

O*EO O*EO

O*EO O*EO

O*Eo OOEO

5#EO

-*15*EO

8#EO

-*21*EO

-PIZ*EO

170EO

O*EO

O*EO

O*EO

--,*20*EO

O*EO

O*EO

O*EO

O*EO

4*30oEO

O*EO

12*EO

"10*EO

-*10*EO

O*EO

OoEO

O*EO
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O*EO O*Eo O*EO O*EO

O*EO OOEO OoEO O*EO

O*EO O*EO -9*Eo OVEO

OOEO O*EO O*EO O*EO

O*EO *-9oEo O*EO OOEO

O*Lo O'NEO O*EO O*EO

OoEO O*EO O*EO O*EO

O*EO O*EO O*EO 0010

O*EO OoEO OoEO OpEO

OOEO O*EO O*EO O#EO
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I*EO 1*EO I*EO -*9*EO

-*9*EO 7*EO 6*EO OOEO

OOEO --O*EO O*EOf. -2*EO

o*A*EO m3oEO -*3*EO O*EO

O*EO O*EO O*EO- O*EO

O*EO O'NEO O*EO O*EO

OoEO OoEO O*EO O*EO

O*EO O*EO O*EO O*EO
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O#EO O*EO O*EO O*EO

OOEO O*EO O*EO O*EO

OOEO O*EO OoEO O*EO

O*EO OOEO -7*EO O#EO

O*EO O*EO O*EO O#EO

O*EO -*7oEO O#EO OOEO

O#EO Oo.0 O*EO O*EO

O*EO O*EO -O*EO O*EO

O*EO OoEO O*EO OoEO

O*EO O*EO O*EO O*EO

O*EO OoEo 7*EO -4*Eo

-4*EO O*EO

O*EO O*EO

O*EO O*EO O*EO OoEO

9oEO -2oEO -2*EO OoEO

O*EO OoEO O*EO OeEO

O*EO OOEO 09EO OoEO

O*EO O*EO O*EO O*EO
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loEO 2*EO 2*EO 9*EO

9*EO 7*EO 5*EO 7oEO

4oEO 4*EO -8oEO 60EO

6oEO 8oEO 7oEO -1*EO



--I*EO -4*EO -4*EO -4o'EO

-4*EO O.to O*EO -*4*EO

-*4*EO --4 * EO "-4*EO 4-4&EO

-w4,PEO -3#EO -3oEO -16*oEO

12*EO O*EO O*EO O*EO

O*EO OsEO O*EO O*EO

ObEO O*EO O*EO O*EO

O*EO O*EO ll*EO S*EO

--9,*EO -I*EO -1*EO O*EO

OoEO 12*EO -4*EO -*4,*EO

O*EO O*EO O*EO O*EO

-16*EO O*Eo O*EO O*EO

O*EO O#EO O*EO O#EO

O*EO OoEO O*EO O*EO

O*EO O*Eo 14*EO o-6*,EO

-6*EO O*EO O*EO OOEO

O*EO O*Eo O*EO O*EO

O*EO O*Eo O*EO OOEO

O*EO O*EO. O*EO O*EO

O*EO O*EO OOEO O*EO

O*EO O#EO OoEO O*EO

OoEO O*EO OoEO O*EO'
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8*EO

-13*EO

6#E0

O*EO

-13*EO

8*EO

O*EO

O*EO

OOEO

O*EO

O*EO

-10*EO

O*EO

-17*EO

O*EO

O*EO

O*EO

O*EO

-10*EO

O*EO

O*EO

O*EO

OoEO

O*EO

O*EO

OoEO 1951

19512*1

1*EO 1*EO

2*EO ll*EO

6*EO 5*EO

-10*EO -10oEO

--6*EO -6*EO

7*EO 10*EO

10*EQ -13#EO

O*Eo 0 *EO

OOFO O*EO

O*EO O*EO

O*EO O*EO

13*EO

O*EOI-l----l-- O*EO

6*Eo S*EO

-*9*EO O*EO

,*-14oEO *-14*EO

O*EO O*EO

O#EO O*EO

O*EO 13*EO

O*EO O*EO

O*EO O*EO

OOEO 0-o EO

O*EO O*EO

O*EO Oo EO

o*Eo OqEO

OOEO OOEO

I#EO

2*EO

7#EO

69EO

O#EO

-13*EO
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O*EO

O*EO

OOEO

O*EO
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-olOoEO

O*EO

,*-9*EO

9*EO

O*EO

O*EO
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O#EO

O*EO

OoEO

O#EO

O*EO

O*EO



DATA FOR THE MULDE MARL _ _ 1 CA

THE FOLLOWING IS A TABULATION, OF THE DATA FOR

SPECIMENS FROM THE MULDE MARL . THE DATA FOR EACH

SPECIMEN IS LISTED IN THE ORDER GIVEN ON PAGE 38

SPECIMEN I
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0.E0

O.,EO
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OQEO

O*EO

'OoEO

O1.EOOeEO

O.EO

0.EOO*EO

0.EO

O.EO

O.EO
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6.EO

*4*0EO

OeEO

O.EO

O.EO

O.EO

OoEO
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O.EO
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O.EO
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O*EO
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0.EO
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O*EO
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I
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OOEO OoEO O*EO O*EO

SPECIMEN 2

I*EO 2*Eo 2*EO -S*EO

**5*EO -5#EO -5*EO OoEO

O*EO O*EO O*EO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO O*EO O*EO

OoEO O*EO O*EO OOEO

O*EO O*EO O*EO O*EO

OOEO O*EO -*8*EO O*EO

O*EO O*EO O*EO O*EO

O*EO 7*EO -1*EO -I*EO

O*EO O*EO 0 * EO O*EO

O*EO O*EO O*EO O*EO

O#EO O*EO O*EO 6*EO

o*2oEO -w2 * EO O*EO O*EO

O*EO O*EO O*EO OoEO

O*EO O*EO O*EO O*EO

O*EO O*EO OoEO O*EO

O*EO O*Eo O*EO O*EO
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-7*EO
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O*EO

O*EO
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O*EO

-2*EO
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O*EO
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OOEO

OOEO
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O*EO
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O*EO
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O*EO
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O*EO

O*EO

7*EO
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O*EO
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O*EO
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*w9*EO --9*F.0 -90EO -11*EO

8*EO ll*EO -wl3oEO OOEO

O*EO O*EO O*EO O*EO

O*EO OeEO O*EO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO 10*EO -9*EO

O*EO

OOEO

O*EO

O*EO

--5*EO

O*EO

-5*EO

O*EO

O*EO

10*EO

O*EO

O*EO

O*EO

O*EO

O*EO

-5*EO

O*EO

O*EO

O*Eo

O*EO

O*EO_

ll*Eo

O*EO

,m6oEO

O*EO

,,o6#EO

O*EO

O*EO

O*EO

O*EO

-59EO

O*EO

O*EO

O*EO

ll*EO

O*EO

o-5 *Eo

O*EO

o-6*EO

OoEO

O*EO
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O*EO

O*EO
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O*EO

O*EO

O*EO

O*EO

O*EO
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O*EO
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O*EO

-*6*EO

O*EO

O*EO

O*EO
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-O*EO

**4 * EO

OeEO

O*EO

5*EO

-3*EO

O*EO

O*EO

OeEO

O*EO

O*EO

-w4 # EO

O*EO

O*EO

O*EO

-w3*EO

-19*Eo

O*EO

OOEO

O*EO

6oEO

IM30EO

OOEO

OoEO

OOEO

O*EO

O*EO

O*EO

O*EO

7 *EO

O*EO

-SOEO

8*EO

-3*EO

O#EO

G*EO

O*EO

O*EO

O*EO

6*EO

OeEO

,*5 *EO

OoEO

-PS*EO

4050EO

O*EO

O*EO

OOEO

O*EO

O*EO

O*EO

-6*EO

O*EO

-5#EO

OOEO

O*EO

I*EO

-*5*EO

O#EO

OoEO

OoEO

O*EO

O*EO

O*EO

**6*EO

O*EO

OoEO

7*EO

4-90EO 0 * E 0

OsEO 5 *EO

O*EO O*Eo

O*EO O*EO

O*EO O*EO

ll*EO o-14*EO

O*EO OOEO

O*EO O*EO

O*EO O*EO

O*EO O*EO
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O*EO O*EO O*EO 6*EO

0*6*EO -i*6*EO O*EO O*EO

0,&EO OOFEO 6*EO -6*EO

-*6*EO O*EO O*EO O*EO

O*EO WU*Eo O*EO O*EO

O*EO O*EO O*EO O*EO
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l*EO 2*EO Z*EO -9*EO

009*EO o*9*EO -9*EO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO O*EO O*EO.

O*EO

O*EO

-12*EO

ooeo

-2*EO

O*EO

O*EO

O#EO O*EO

O*EO O*EO

OOEO OOEO

O*EO O*EO

O*EO 9*EO

O*EO O*EO

-*12*EO O*Eo

O*EO O*EO

O*EO O*EO

O*EO O*EO

O*EO

O*EO

O*EO

O*EO

2 *EO

O*EO

3*EO

O*EO

O*EO

O*EO

O*EO

O*EO

O*EO

O*EO

O*EO

O*EO

OoEO

O*EO

-3,*EO



O#EO O*Eo O*Eo o * E 0

O*EO O*Eo O*Eo O*EO
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IoEO 2*EO 4*EO BOEO

7*EO 4*EO *-lOoEO -4*EO

--4*EO -w5oEO o*5 *EO -6*EO

*-6*EO 09EO O*EO O*EO

O*EO O*EO OvEO O*EO

O*EO O*EO O*IEO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO 8*EO -7*EO

-7#EO O*EO O*EO O*EO

O*EO 15*EO O*EO OoEO

O*EO OoEO O*EO O*EO

O*EO O#EO O*Eo O*EO

OeEO O*EO O*EO -15*EO

09EO OoEO O*EO 0*EO

O*EO O*EO 4-15*EO O#EO

O*EO 06EO O*EO O*EO

O*EO O*EO O#EO O*EO

O*EO O*EO O*EO O*EO
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SPECIMEN 9

I*EO 4*EO 6*EO -6oEO

-6oEO -4*EO -o4*EO O*EO

O*EO OoEO O*EO OOEO

OoEO O*Eo O*EO OvEO

O*EO E 0 O*EO O*EO

O*EO OOEO O*EO O*EO

O*EO O*EO 640

OOEO -111 *EO E 0

O#EO O*EO O*EO O*EO

O*EO -*11 *Eo OOEO O*EO

O*EO O*Eo OOEO O*EO

O*EO O*EO O*EO O*EO

0 *-EO O*EO O*EO -11*EO

O*EO O#EO O*EO O*EO

O*EO O*EO 7*EO -*4,*EO

-4*EO O*EO O*EO O*EO

O*EO -wll*EO O*EO OwEO

O*EO O*EO O*EO O*EO
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1*EO 2*EO 4*EO -11*EO

4*EO 51*EO -9*EO OOEO
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O*EO *,7 * E-0 E 0 -4 * E 0

,*04*EO O*EO O*EO OOEO

O*EO O*EO O*EO-- - O*EO

O*EO OoEO O*EO

O*EO OsEo OoEO OoEO

O*EO O*EO 8*EO -6oEO

-*6*EO O*EO OoEO OoEO

OOEO 7*EO --7,*Eo -7#EO

OoEO O*EO OvEO O*EO

-*IO*EO OOEO -O*EO O*EO

O*EO O*Eo O*EO ll*EO

-w-9 * EO 4*3*EO O*EO O*EO

O*EO OoEo 6*EO -8,*EO

-w8*EO OoEO O*Eo O*EO

O*Eo 8*Eo -w4*EO -4*EO

O*EO -OOEO O*EO O*E'O
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19EO 3*Eo 2*EO -9*EO

7*EO ml Oo E 0 6*EO O*EO

OoEO --2*EO **2*EO -4*EO

-o4oEO O*EO O*EO O*EO

O#EO O*EO O*EO O*EO

O*EO O*Eo O*EO OoEO
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O*EO O*EO O*EO O*EO

O*EO O*EO -13#EO O*EO

O*EO O*EO OoEO OwEO

O*EO O*EO O*EO OOEO

O*EO O#EO O*EO O#EO

OOEO O*EO O*EO O*EO

O*EO O*EO O*EO 4*EO

-*9*EO -9*EO O*EO O*EO

O*EO OoEO -wl3*FO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO O*EO OeEO

O*EO O*EO O*EO O*EO
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**3*EO -m2*EO -*2*EO O*EO

O*EO O*EO O*EO 0 -- *EO
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O*EO O*EO O*EO o*Eo

O*EO O*EO O*EO O*EO
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OfpEO O#EO OoEO O*EO

O*EO OOEO O*EO O*EO
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03*0 03*0 03*9- 03*9-

03"* 03*0 03*0 03*0

03"0 03*0 03*0 03*TT-

03*0 03*0 03*0 03*0

03*0 03*0 03*TT- 03"T-

03*1- 03*1- 036T -  03*8-

030- 03* 03*0 03*0

03*0 0340 030 03'0

0300 03*0 03*0 03*0

0300 03*0 03*0 03*0

03_0 03*0 03*0 035 -

03*0- 03*0 03*0 03T-

03*T- 0306- 03*4 0?8-

03*L 03T 032 03t

6t N3WID3dS

0300 03* 03*0 0390

03*0 03*0 03*0 030

03*0 03*0 03*0 0396-

03*E- 03*9 03*0 030

0300 0300 03*0 03"0

03*TI- 03"0 03"0 03"0

03"0 03,0 u3"o U4O0

I 0.310 03,00 9390 0-100
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OoEO
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O*EO

O*EO

O*EO

o*Eo

oe Eo

OOEO

O*EO
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O*Eo

O*Eo

OOEO

O*Eo

O*Eo

O*EO
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O*EO

-2oEO

o-3*Eo

O*EO

O*EO

0,*Eo

O*EO

o*Eo

7*EO

*EO

0 oft

O*EO

0 *EO

O*EO

6*EO

OoEO

O*EO

O*EO

3*EO

-1*EO

O*EO

O*EO

O*EO

O*EO

O*Eo

-1,*Eo

0 * ,,-O

O*EO

O#EO

OOEO

-8*EO

O*EO

-2*EO

O*EO

O*EO

O*E

OOEO O#EO

O*EO OdoEO 0 * EO
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03#0 03* -  03** 03*Ot-

0309 03*41 03*0 03*0

03#0 03*0 03#0 03*0

03*1- 03*0 03#0 03*0

03#0 03*0 03*0 03*+T-

03#0 0300 03#0 03,0

03*6- 03*6w 0305

0390 03*0 03*0

03*9. 0389 030

03"0 0300 03"0

03*0 03*0 03*0

03*0 03*0 03*0

03*0 03*0 03*0

03*- 03. 03* -

03*t" 03*tt- 03*01

03*9 030Z 03*

03*0
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03*0

03"0
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03 *

03 L
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e
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*-9*EO *9*Eo

-11*EO---- m9*Eo -6*EO O*EO

O*EO O*EO OoEO O#EO

O*EO O*EO - --- O*EO O*EO

O*EO O*EO 0 *EO OoEO

O*EO O*EO 2*EO 9*EO

O*EO -*9*Eo -9,*EO -9 * E 0

-o9oEo lo*EO Plo*EO -10*EO

O*EO O#EO OOEO OOEO

14*EO **6*EO "-6 *EO O&E0

O*EO O*Eo OoEo 12*EO

o'll * E 0 m-2 9 EO O*EO O*IEO

OOEO o*Eo O*Eo O#EO

O*EO O*Eo O*EO O*EO

O*EO O*Eo O*EO OoEO

OoEO--- O#EO O*EO OoEO
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I*EO 4#EO 4*EO 7*EO

6*EO 7*Eo **10*EO -3*EO

-*3,*EO -w4*EO -w4oEO -o3oEO

-,3*EO O*EO O*EO O*EO

0-*EO--- O*EO O*EO O*EO

OqEO O*EO O*EO 09EO
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O*EO

O*EO

-1*EO

O*EO

O*EO

5*EO

OoEO

8*EO

O*EO

O*EO

O*EO

O#EO

o-15*EO

O*EO

--ol oEo

O*EO

-oploEO

O*EO

O*EO

29EO

-7oEO

O*EO

0 oEO

O*EO

O*Eo

O*Eo

6*EO

OoEo

-ol*Eo

O*EO

lo*ED

,w2*Eo

o.7*Eo

OOEO

QaEQ

O*EO-

O*EO

O*EO

O#EO

O*EO

6oEO

O*EO

-ml2oEO

-*21,EO

o-15*EO

OOEQ

0.6F

2*EO

8#Eo

a-15*Eo

O*EO

20*EO

O*EO

O*EO

OoEO

**2oEO

22*Eo

I *EO

7*EO

**15*Eo

,ml3oEO

O*EO

O*EO

O*EO

O*EO

O*EO

O*EO

7*EO

-15*EO

129EO

O*EO

OOEO

O*EO

9*EO

------ O*EO------ ---

*-E 0

-3*EO

-21 *EO

-15*Eo

O*EO

04EO

-0 a EO

0 * EO

14*0

-*2 Eo

IM3 EO



O*EO O*EO---------- O*EO OoEO

14*EO -11*EO -oll*Eo Oqr-0

O*EO OoEO 0 *EO- 10*EO---
C A-15#Eo oor-O

O*EO O*EO 12*EO -13*EO

-*13*EO O*Eo O#EO Ob E 0

O#Eo- 12,*Eo -7*Eo -7*EO
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O*EO O*EO O*EO O*tv
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I*Eo 4*Eo 2*EO -20*EO

8*EO 5oEO 17*EO O*EO

O*EO -12*EO -*12*EO -17*EO

169EO o-5 *Eo 0050EO O*EO

n-EO ll*EQ O*EO O*EO

O&EO OoEo- O*EO OsvEO

OVEO n.En olmEn - o*EO-
I

O*EO O*Eo o*25 *EO O*EO

OgEO O*EO O*EQ O*EO

O*EO 12*Eo -13eEo -13*EQ

O*EO O*EO O&EO O*EO

**25,*EO O#EO O*EO O*EO

O*EO O*EO O*EO lo*EO

-wl5oEO 13*Eo OoEO O*EO



I *Eo

8*EO

**4oEo

-i4*Eo

OoEO

OoEO

O*EO

OoEO

**7oEo

O*EO

**9oEo

13*EO

-wl4*EO

-pl5,*EO

O*EO

-015#90

OOEO

O#EO

-18*EO

-2*EO

OOEO

OOEO

0020EO

O*EO

O*EO

O*EO

69EO

O*EO

OeEO

OasEO

-o2,*EO

18*EO

**2*EO

O*EO

10*EO 6*EO

6*Eo -4*EO

-2*Eo -4*EO

,-,4*EO O*EO

-- O*EO OoEO

O*EO O*Eo

O*EO O*EO

14*EO --7*EO

O#EO O*EO

9*EO -8*EO

O*Eo Ow EO

-10*EO -14*EO

O*EO 14*EO

0 * E 0 0 o E 0

14*EO -15-* E-0

O*EO O*EO

O*EO

O*EO O*EO

lo*Eo

6*Eo

-2*Eo

-*4*Eo

O*EO

O*EO

O*EO

O*EO

O*Eo

lloEo

o*9*Eo

S*EO

O*EO

-wl5oEO

o*Eo

O*EO

w20*EO

O*Eo
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loEO I*EO 1*EO 1 0

3*EO 23*Eo 8*EO -69EO

mo6,o E 0 -.*16*Eo -*16*Eo -6*EO

--6*Eo -IOEO -1*Eo O*EO

O*EO O*EO O*EO- O*EO

O*EO o*Eo O*EO O*EO

O*EO O*v-v

O#Eo O*Eo CA

O*Eo O*Eo 7*Eo -13*EO

-P13*Eo o-PEo O*Eo O*EO

O*Eo 9*Eo 109EO -10*EO

--2*Eo *&2oEo O#EO OoEO

O*Eo O*Eo O*Eo O*EO

OoEO O*EO O*EO -12*EO

OjEo OoEO 0 o Eo.. O*EO.

O*EO O*EO o*Eo OwEO

O*EO O*Eo OoEO OoEO

OvEO o,*Eo O*EO o*Eo

OvEO OoEO 09EO O*EO
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IsEO I *EO IoEO 8,6 E 0

l8oEO 7*Eo 7*EO -13*EO

-,-13#Eo -3*EO -o.3*EO -14oEO

-14*Eo- -*14oEo w-14*Eo O*EO

O*EO O*Eo O*EO O*EO

O#EO O*Eo O*EO O*EO

O*EO O#EO O*EO O*EO

O*EO O*EO 9*EO 5*EO

-*14,*Eo #*9*Eo mo9*Eo o*Eo

O*F-O **23*EO O*Eo O*EO

OOEO O*Eo -- --- -O#EO

1Q*EQ -13*Eo ml3oEO OoEO

O#EO --------- O*Eo -- - 0-*EO ---- 9oEO

-14#EO *14*EO -0 * E 0 O*EO

O*EO O#Eo -*23*EO O*EO
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DATA 'rOR THE HEMSE GROUP 1 CARI

THE FOLLOWING IS A TABULATION OF THE DATA FOR

SPECIMENS FROM THE HEMSE GROUP. THE DATA FOR EACH

SPECIMEN IS LISTED IN THE ORDER GIVEN ON PAGE 38.

SPECIMEN I

i1E0 2.E0 1.EO 5.EO

4*EO 5.EO 6.EO -5.EO

4.EO 4.EO 3.EO 3EO

3*EO ' "5EO 5_.EO O.EO

O EO O.EO O.EO O.EO

O#EO O.EO O.EO O.EO

OEO O0O0 O.EO OOEO

OEO 040 13.EO O.EO

0.EO 0oEO O.EO O.EO

OEO 7.EO -6.EO "6.EO

QEO O.EO O.EO O*EO

O4EO O.EO OEO OEO

04EO O.EO OE0 O*EO

OEO 0oEO 0-130 10.EO

OEO 0*EO O3.E0 OoEO

06EO 84EO w5oEO -5.EO



OOEO OOEO 0*60 OOEO

I*EO 8*EO 6*EO -5*EO

3*EO 4#EO 4*EO O*EO

O*EO "03*EO 11-S OEO -3*EO

I*EO O*EO O*EO O*EO

2*EO O*EO O*EO O*EO

O*Eo O*EO O*EO O*EO

O*EO O*EO O*EO O#EO

OOEO O*F.O 1*Eo -13*EO

-*13*EO O*F.0 O*EO O*EO

O*EO O*EO OOEO O*EO

O*EO O*EO O*EO Of#EO

OOEO O*EO O*EO O*EO

O*EO O*Eo O*EO -14*EO

O*Eo O#Eo O*EO O*EO

O*EO O*Eo 7*EO -7*EO

**7*EO O*EO O*EO O*EO

O*EO O*EO O*EO OwEO

O*EO OOEO O#EO O*EO

SPECIMEN 3
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1 *EO

2*EO

O*Eo 10*EO O*EO

O*Eo O*EO O*F.0

o,*Eo O*EO OOEO

OOEO 5*EO 3*EO

3*EO 30EO 5*EO

5*EO 2*EO 2*EO

-*10*EO---- 1 *EO

oblO*Eo 1 *EO O*EO

oP6 * EO 006*EO 5*EO

2*EO -Z*EO -2*EO

ov-3 * E 0 E 0 2*EO

-3*EO -w3*EO -1*EO

3*EO 3 *EO 3*EO -90EO

-9*EO 2*EO -9#Eo 10*EO

O*EO

O*EO

O*EO

Oo EO

3*EO

36EO

30EO

7*Eo

O*EO

3*EO

-3*EO

4*EO

wl*EO OoEO Oe EO O*EO

O*EO O*EO O*EO 0 E 0

SPECIMEN 4

1*EO 3,o EO 3*EO 4*EO

49EO 4*EO 4*EO 5*EO

5 *EO 3oEo ,*EO 39EO

4*EO

3*Eo

4*EO

3*EO

Z*EO

2,*FO



SPEC IAEN 5

16EO I*EO 1*EO 3,& E 0

3oEO 3 *EO 3*EO -*5,o E 0

4*EO 3 *EO 3 *EO

4*EO **5 *Eo ao-5 # Eo O*EO

O*'EO O*EO O*EO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO 3*Eo 3*EO

4*EO

O*Eo O*EO

O*EO O*EO

o*Eo OeEO

O*Eo 12*EO

O*Eo O*EO

-wl5*Eo O*EO

O*Eo O*EO

OOEO O*EO

O*EO O*EO

3 *EO - 3oEO

2*EO 8*EO

-o5*Eo -5 *EO

-OoEO O*EO

O*EO O*EO

*EO

O*EO

O*EO

O*EO

O*EO

os-3*EO

O*EO

OoEO

O*EO

OwEO

5#EO

3 *EO

4*EO

-*3,*EO

O*EO

O*EO

O*EO

O*EO

O*EO

-3*ED

O*EO

OOEO

O*EO

O*EO

7*EO

-3*EO

2*EO

-3,* E 0

O*EO

O*EO



OOEO

OOEO

O*Eo

O*EO

6*EO

-1 *EO

-I#EO

O*EO

-4*EO

OoEO

-w7 * EO

O*EO

OOEO

6*EO

OOEO

3*EO

OoEO

,mol *EO

O*EO

O*EO

O*EO

4olooEO

O*EO

w*4*EO

O*EO

-*4oEO

Oo EO

O*EO

6*Eo

O*EO

OoEO

O*EO

O*EO

4-4*EO

O*EO

401 OEO

9*Eo

OOEO

-*4 * Eo

O*EO
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3*EO

5*EO

-*5 *Eo

2 *EO

O*EO

O*Eo

O*EO

O*EO

2*EO

4*Eo

**4#EO

O*EO

2 #EO 4*EO

6*EO 3*EO

4*EO loEO

3*Eo OOEO

0 *EO O*EO

O*EO O*EO

--O*EO O*EO

4*EO 5*EO

-*5,*EO 3*EO

5*EO

2 *EO

O*EO O*EO

1*EO

4*EO

3*EO

3*EO

O*EO

O*EO

O*EO

O*EO

4*EO

I*EO

-w4oEO

O*EO
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O*EO O*EO O*EO E 0

-4'6*EO *6#Eo O*EO O*EG

O&EO -O*EO

6*EO O*Eo O*EO -2oEO

-2*EO O*EO O*EO OoEO

O*EO O*Eo O*EO o*Eo
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X*EO 2*EO 2*Eo lOoEO

3*EO 3*Eo 3*EO -3*EO

**3*EO 7#EO 7*EO 7*EO

8,sEO 8#EO 8*EO O*EO

O*EO O*Eo O*EO O*EO

O*EO OoEO O*EO OoEO

O*EO O*EO O*EO O*EO

O*EO O*EO 12*EO -46EO

-m4oEO O*EO O*EO O*EO

O*EO 6&EO -*10*EO 6*EO

OOEO O*EO o-4*EO -4*EO

O*EO O*EO O*EO O*EO

O*EO o*Eo OeEO lOoEO

w6*EO #*6*EO O*EO O*EO

O#EO O*EO -m-16*EO O*EO

O*EO O*EO O*EO O*EO
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O*EO O*EO O*EO OoEO

O*EO O*Eo O#EO O*EO
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IOEO 3*EO 30EO 4*EO

3*EO 3*EO -*6*EO 1*EO

2*EO 3*Eo 2*EO 2*EO

1*EO O*EO O*EO OOEO

O*EO 9*Eo 10*EO O#EO

O*EO O#Eo O*EO O*EO

O*EO O*EO O*EO OwEO

O*EO O*EO 8*EO -2*EO

IOEO O*EO O*EO -1*EO

-1*EO 4*Eo 0-o EO O*EO

O*EO OoEO O*EO O*EO

O*EO O*Eo 0 * EO O*EO

O*EO O*EO O*EO 7*EO

2*EO -3*EO -IoEo -I*EO

O*EO O*EO -10*Eo O*Eo

O#EO o*Eo O*EO O*EO

O*EO 7*EO -*3,*Eo -4-3*EO

O*EO O*EO O*EO O*EO



I*EO

2*EO

3*EO

39EO

-O*EO

O*EO

O*EO

O*Eo

O*Eo

6*EO

-OoEo

O*EO

O*EO

3 *Eo

*-4*Eo

O*EO

OOEO

OoEo

SPECIMEN 10

1*EO S*Eo 3*Eo 2oEO

I*EO 1*EO 3*EO -4*EO

O*EO

2*EO

3oEO

3*EO

O*EO

O*EO

O*EO

7*EO

,*4isEO

O*EO

O*EO

O*EO

O*EO

1*EO

004*EO

OOEO

O*EO

O*EO

I *EO

4*EO

3*EO

3*EO

O*EO

O*EG

O*EO

4*Eo

O*EO

-2*EO

O*EO

O*EO

O*EO

-7#EO

o-12,*EO

OoEO

OOEO

O*EO

4#EO

,-7*EO

3*EO

O*EO

OoEO

O*EO

O#EO

-4*EO

O*EO

-2oEO

OOEO

O*EO

5*EO

-7*Eo

O*EO

O*EO

O*EO

O&EO

8
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O*EO O*EO O*EO

O*EO O*EO O*EO OOEO

SPECIMEN 11

2*EO 3*EO

I *EO 2*EO

2*EO 20EO 3*EO

2*EO 2 *EO 2 *EO 2*EO

-*SoEo 3*EO I *EO ---0 sE 0------

9*EO 8*EO O*EO

O*EO O*EO O*EO O*EO

-5*Eo

-3 *EO

OoEO

O*EO

O*EO

OsEo

O*Eo

5 *Eo

O*Eo

O*EO

O*EO

4*4*EO

O*EO

-m3*EO

-5*EO

-*3 *EO

O EO

OvEO

O*EO

9#EO

O*EO

-2*Eo

O*EO

O*EO

OOEO

O*EO-

3 *EO

-oo3 * EO

-3*EO

50EO

OOEO

OOEO

O*EO

-16EO

O*EO

-2*EO

09EO

O*EO

69EO

O#EO

4*EO

OOEO

-w4eEO

3*EO

6*EO

O*EO

O#EO

OoEO

-*loEO

O*EO

O*EO

O*EO

O*EO

*1-4 * EO

O*EO

-*7*EO
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O*EO 09 EO O*EO O*EO

8*EO 8 *Eo -*10*EO O*EO

O*EO O*EO O*Eo O*EO

O*EO S*EO 2*EO 2*EO

---,-3*EO -3*Eo -3oEo 2*EO

4*EO m3,*Eo -*3,*Eo O*EO

O*EO OoEo OoEO -3#EO

-*2*EO *2*Eo O*EO OoEO

O*EO O*EO ,*5*Eo O*EO

O*EO O*EO O*EO O*EO

O*EO 4*EO 2oEO 3*EO

--4*EO I*EO 2*EO -3*EO

SPECIAEN 12

IOEO 1*EO 19EO 2*EO

2*EO IOEO 3*EO S*EO

4*EO 3*Eo S*EO 4*EO

4*EO 3*Eo ^*9*Eo 4*EO

O*EO O*EO O*EO O*EO

OoEO O*EO O*EO O*EO

O*EO O#Eo O*EO O#EO

O#EO O*EO 6*EO O*EO

O*EO O*EO O*EO O*EO

O*EO O*EO O*EO O*EO



3*EO 3*EO

3*EO 3*EO

39EO 5*EO

8*EO 6*EO

O*EO O*EO

O*EO O*EO

O*EO O*EO

3*EO 4*EO

4*EO 6*EO

wl3*Eo 4*EO

-9*EO 3*EO

-*2*EO 0 *EO

O*EO 3*EO

5*EO 6*EO

OOEO

O*EO

OoEO

O*EO

OoEO

O*EO

O*EO

O*EO

O*EO

O*EO

O#EO

O*EO

O*EO

O*EO

O*EO

O*EO

O*EO

oo Eo

O*EO

O,*EO

O*EO

O*EO

0*,EO

O*EO

O*EO

O*EO

OoEO

O*EO

0 OEO

O*EO

O*EO

O*EO

O*EO

2*EO

3#EO

2*EO

O*EO

O*EO

O*EO

O*EO

2*EO

1*EO

O*EO

4*EO

O*EO

2*EO

2*EO

2*EO

4*EO

O*EO

O*EO

O*EO

2*EO

-*9*EO

30EO

0 0 E 0

" 2*Eo

O*EO

4*EO
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**9*EO 6*EO 49EO

5*EO **6 o EO **6*EO -5*EO

-i-5*Eo 0 o E 0 E 0 O*EO

O*EO O*Eo -- 09EO O*EO

SPECIMEN 14

I*EO 3*Eo 3*EO 4*EO

3*EO 3*EO -*4*Eo O#EO

O*EO -I*EO -1,*Eo -19EO

-*I * EO OOEO O*EO O*EO

O*EO OOEO O*EO O*EO

O*EO OOEO O*EO O*EO

OOEO O*EO O*EO O*EO

O*Eo OOEO 4*EO 2*EO

--4*EO m2*Eo m2*EO O*EO

O*EO 4*EO 2*EO -4*EO

-,*2,o E 0 **2*Eo O*EO OOEO

O*EO OOEO O#EO 0-*EO
O*EO-

OOEO O*EO 4*EO

2*EO -,ft4 EO *-2*EO -2*EO

O*EO O*EO 4*EO 39EO

3oEO -*I*Eo -I*EO -1*EO

-ml*EO O*EO OoEO O*EO

O*EO O*EO O*EO O*EO



SPECIMEN 15

2*EO 2*EO SOEO

3*EO 3*EO -2*EO

-*4*EO a-4*EO S*EO

5*Eo 5*EO 6*EO

O*EO O*EO O*EO

O*EO O*EO -O*EO

O*EO O*EO O*EO

O*EO -8*EO

O*EO OoEO -1*EO

o*5#EO O*EO O*EO

O*EO O*EO O*EO

O*EO O*EO O*EO

OoEO O*EO 5*EO

7*EO -1*EO

.-I OEO 3*EO -39EO

0010 OOEO O*EO

4*EO -*2*EO -2*EO

O*EO O*Eo O*EO

O*EO

3#EO

o*2,&EO

5#EO

OoEO

OOEO

O#EO

O*EO

76EO

-ml#EO

O*EO

-*5#EO

O*EO

7*EO

-*I *EO

.W30EO

O*EO

OOEO
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I*EO I * 0

2*EO 2*Eo

3*EO --4*EO

3*EO 4#EO

8 OEO 7#EO

O*EO OoEo

O#Eo O*EO

9*EO O*EO

8*EO u-8 * E 0

,#*6*Eo 114EO

OOEO O*EO

4oEO 49EO

m-3*EO -1 OEO

3*EO 6*EO

w8oEO -08*EO

O*EO O*EO

O*EO w*15*Eo

O*EO O*EO

-10*EO 13*EO

8*EO 10*EO

O*EO O*EO

O*EO OOEO

3 #Eo 6*EO

2*EO -6oEO

-04 * EO -4*EO

O*EO O*EO

6*EO -3*EO

-I*EO 3*EO

-*11*EO -11,*EO
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DATA FOR THE EKE GROUP I CARD,

THE FOLLOWING IS A TABULATION OF THE DATA FOR

SPECIMENS FROM THE EKE GROUP. THE DATA FOR EACH

SPECIMEN IS LISTED IN THE ORDER GIVEN ON PAGE38.
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