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ABSTRACT

Variation in numbers of ecostae on brachial valve and on pedicle valve of Gontorhynchiu

Baueti goniaea, has been studied by means of various statistical methods. In the population

. of the species studied, on an average, pedicle valve possesses one more casta than brachial valve,

although reverse as well as same numbers of castae on both valves have been found to be true

for a few specimens. Accordingly the population has been grouped into three divisions having
the normal, the reversed and the newtral ribbing system.

Relation between numbers of castae on the branchial fold and the plane of symmetry
of shells has also been studied. There may have been both symmetrical ag well as asymmetri-
cal forms according to the presence of odd or even numbers of castae on the branchial fold.
Considering the position of the plane of symmetry, on castae or on sulei, occurrence of two
types of symmetrical, the normally symmetrical and the reversed symmeirical forms has been
suggested. No correlation has been found between the ribbing system and symmetry elements,

INTRODUCTION

The external surfaces of many brachiopod shells consist of radiating ribs from
the umbo. Such ribs are designated as Costae and the depressions that separate
two costae as Sulci. The brachiopod genera belonging to the superfamily Rhyn-
chonellacea possess as a rule such radiating costae, although the presence of such
character in other superfamilies is not rare. The ribbing system in brachiopod
is quite important, as the rib characteristics, particularly the number of ribs on the
brachial fold, have often been used in the taxonomy of the genera belonging to
the Rhynchonellacea superfamily. In the present work an attempt has been made
to study the relation between number of costae on one valve to that on the other
in Goniorhynchia boueti Davidson. A collection of individuals of the species shows
variation in the character studied. Hence the use of statistical methods becomes
inevitable. Finally some suggestions have been made regarding the position of
the plane of symmetry in relation to the brachial fold.

HisTORY AND MATERIAL

During recent years brachiopods have been subjected to various statistical
investigations. Most of the workers have concentrated on general metrical
characters (such as length, width, thickness etc). Very little work has so far been
done to investigate the variation in the numbers of costae in brachiopods.

Cumings and Mauck (1905) have studied the numbers of costae in Platystrophia
lynz Martin, from the Upper Ordovician of Vevay, Indiana. They have studied
the numbers of Costae on both valves and separately on the fold as well. In their
collections it has been found that the brachial valve possesses one more costa than
the pedicle valve.* :

*From the available data it has not been possible to find whether this holds good for every
individual or not. Their conclusion was drawn from the arithmetic means of the two distri-
butions. It is difficult to comment upon the statistical significance of the difference, as para-
meters available have been found to be inadequate to carry out swch comparison,
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Wilson (1914) employed the variation in the numbers of plications (can be
taken as equivalent of costae) in Parastrophia hemzphwta Hall for stratigraphic
sub-division.

Bancroft (1928, 1945) made an elaborate study of ribbing in a group of brac-
hiopods belonging to the superfamily Dalmanellacea. He has evolved a special
ribbing notation to study the nature of the splitting of costae. It is worth mention-
ing here that such variation has successsfully been employed to subdivide the Lower
Ordovician of Great Britain.

Parkinson (1954) made a comparative study of the numbers of costae on the
brachial fold of Pugnax in three different collections from the Lower Carboni-
ferous of Great Britain.

It can be seen from the above survey, with the exception of Cumings & Mauck
{loc. cit.), that none of the investigators attempted a comparative study of the
numbers of costae as between two valves, viz. the brachial and the pedicle valves
of individuals from the same collection.

The present work is an extension of the investigation carried out by Mitra
(1956, 1957). The relevant portion from that work is summarised below for con-
venience.

Three collections of Goniorhynchia boueti Davidson —Langton Herring, Burton
Bradstacks and Eype Mouth were made from Dorset in South England and
the fourth one from Normandy in France. Langton Herring and Eype Mouth
collections were made by the author and the rest borrowed from the British
Museum (Natural History). In all the four collections, the numerical value of
the arithmetic mean of the distribution of the number of costae on the pedicle
valve is one greater than that of the costae on the brachial valve. The comparison
of means by the usual method of pooling the standard errors of means is not appli-
cable here, as the variates show a high degree of correlation. A different method
(see below) has been used in the present work.

As the purpose of the present work is to study the interrelation between the
numbers of costae in two valves, rather than a comparative study as between
collections, a single collection out of the four has been used. The Eype Mouth
collection has been found suitable for this purpose. The original collection from
Eype Mouth consists of 100 specimens. Mitra (loc. cit.) used only 60 specimens
for the brachial valve and 66 specimens for the pedicle valve. Counting of costae
on other specimens was not possible becuase of imperfect preservation. The number
of individuals in the sample, used in the work under study, was further reduced
as the counting of costae on both valves of the same individual, was possible with
46 specimens only. No marked difference in the estimated parameters was observed
between this sample and the original tollection of Mitra.

" ANALYSIS

The numbers of costae on the brachial and the pedicle valves have been plotted
to get their frequency histograms (Fig.1). The statistics of arithmetic mean (X),
standard error of the mean (8/n), standard deviation (s) and coefficient of variation
(100 8/X) have been estimated in the conventional way and are given in Table I,
while original data are given in Ta.ble IT. In all cases unit group intervals have
been taken.

In both the brachial and the pedicle valves the frequency d.lstrlbutmns are
unimodal, and from the estimation of the coefficient of variation it is apparent that
the numbers of-costae in- both -valves are highly variable. The arithmetic mean
of the costae distribution of the, brachial valve is approximately ‘one less (0.87)
than that of the pedlcle valve. To make sure that the observed difference between
‘the means is inherent in the collections and not due to chance in random sampling,
the following methods have been used as checks.
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Distribution of number of Costae on the brachial and the pedicle valves

’ TarLe 1

Brachial Valve

141

Pedicle Valve
Mean 30.4340.50 31.304-0.51
Standard Deviation 3.42 3.51
Coefficient of Variation 11.22 11.23
Number in sample 46 46
TasLE I1
Number of Costae (Original Data)

Xp—Costae on Brachial valve

Xy—Costae on Pedicle valve.

No. Sp. Xb X; Xp —-Xb No. Sp Xb Xp X; —‘Xb
1 27 26 —1 24 28 29 1
2 32 34 2 25 31 30 -1
3 30 31 1 26 25 29 4
4 31" 31 0 27 36 39 3
5 27 29 2 28 28 * 27 —~1
6 31 30 —1 29 31 35 4
7 28 29 1 30 27 28 1
8 33 34 1 31 35 35 0
9 30 30 ) 32 27 27 0

10 31 32 1 33 31 33 2
11 34 35 1 34 34 33 -1
12 35 . 36 . 1 35 27 29 2
13 32 32 0 36 27 26 —1
14 34 37 3 37 31 30 -1
15 40 40 0 38 31 30 -1
16 28 28 2 39 29 30 1
17 27 28 1 40 32 34 2
18 37 37 0 41 37 38 1
19 29 30 1 42 26 28 2
20 32 34 2 43 29 32 3
21 29 29 ‘ 0 44 ‘ 26 27 1
22 32 31 —1 45 28 29 1
23 30 30 0 46 27 29 2
TapLE IIT

" Frequency dwtﬂbuhon of (2p—ap)

zp—ap

- -1

0

1

Frequency

9

.9

14
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The number of costae on the pedicle valve (z,) in each of the 46 specimens
has been subtracted from the number of costae on the corresponding brachial
valve (z;). The mean, standard error and other parameters of the (x,—ux;)-dis-
tribution have been estimated. Any significant deviation of the mean of this
distribution from any assumed value can be tested by t-test with the help of its
standard error. Results have been given in Table IV. .
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The mean of this distribution (0.87) is the same as before; it is positive and
the deviation from zero is statistically significant (»<0.01).

TaBLE IV

Distribution of (xp—xp)

Mean 0.87+0.20
Standard Deviation 1.34
Coefficient of Variation 154.68
Number in the Sample 46

As a second step of analysis, correlation between two variates have been esti-
mated with the help of sum of products. In the Table V it can be seen that the
correlation coefficient is very high (0.92). Finally by considering x, as « and z,
as y a linear reduced major axis has been fitted. Reduced major axis has an advan-
tage over the conventional regression line. (Kermack and Haldane 1950, Imbrie
1956). The satter-gram is shown in figure 2,
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It is clear. from the reduced major axis coefficient (1.03) that an expected value
of z, is approximately one greater than a given value of «,, provided the given value
is not too small. The lowest observed limit of x, is 25, while the highest limit is
40. Within this observed range any given value of x, yields an expected value
of z, approximately one greater than x,. It is not likely that lowest limit of z,,
in any other samples derived from the same population will have much lesser value.

TaBLE V

Correlation between numbers of Costae on brachial and pedicle valve

Numbers of
Costae 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 Total

40 i 1
39 ) 1 1
38 1 1
37 1 ; 2
36 i 1
35 1 o 3
¢ 84 3 1 i
2
S 33 1 1 2
§ 32 1 11 3
E 31 1 1 1 3
30 2 2 4 8
29 1 3 3 1 8
28 2 2 4
27 1 1 1 3
26 2 2

Total 1 3 8 ¢ 4 3 8 5 1 3 2 1 2 0 0 1 46
Brachial Valve

Correlation Coefficient e .. 0.92
Reduced Major Axis . .. xp=1032-0.04

Considering both the comparison of means as well as the reduced major axis,
coefficient it can be concluded that on an average the pedicle value has one more
costa than the brachial valve.

The ribbing system of the brachiopods, taking both the valves together, is a
bicorrugated system, that is, the sulci of one valve correspond with the costae of
another., In such a system it is possible to demonstrate three types of structures
(Fig.3). TFigure 2b shows a ribbing system, wherein it is obvious that the pedicle
valve should have one more costa than the brachial valve. Figure-2a shows the
reverse phenomenon, that is, the brachial valve has one more costa than the pedicle
valve. On the other hand in the ribbing system, as shown in Figure 20, it is possible
for both valves to have the same number of costae. Conveniently, the three systems
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may be designated as the Normal, (Fig. 3b), the Reversed (Fig.3a) and the Neutral
(Fig.3¢) system respectively. In the present instance the pedicle valve having one
more costa (Fig.3a), has been taken as normal as the mean value of the pedicle
distribution is approximately one greater than that of the brachial distribution. In
other cases, for instance, in Platystrophia lynz, the second type is the normal type.
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It may be mentioned that the ribbing system may be different in difffferent genera,
even in different species of the same genus.

The frequency distribution of the three types of system are given in Table III.
More specimens have one more costa on the pedicle valve than on the brachial valve,
in comparison with other varieties, taking independently. A few specimens have
two, three and four more costae on the pedicle valve. Mercier (1937) and Mitra
{loc.cit.) have noticed in a few specimens that the costae on either side of the
main flanks near the pedicle sulcus often flatten out when they reach the anterior
commissure. The semi-costae (Mercier loe. cit.) have no brachial counterparts.
The anomaly of having two, three and four more costae on the pedicle valve may
well be due to the presence of semi-costae.

NuMBER OF COSTAE ON THE BRACHIAL FOLD AND THE PLANE OF SYMMETRY

About 50 per cent specimens have odd numbers of costae on the brachial fold
while the other 50 per cent have an even number. The brachiopods are, in general,
bilaterally symmetrical animals. If therefore an individual possesses an even
number of costae on the fold, the plane of symmetry of the shell is expected to pass
along the groove between the two costae (Fig. 4a). On the other hand in an indi-
vidual with an odd number of costaz one would expect the plane of symmetry to
pass along the central costa, having thereby a reversed form (Fig. 4b) with respect
to the plane of symmetry. As about 50 per cent of individuals have one and the
other 50 percent the other of the two types of form, the normally symmetrical and
reversed symmetrical forms, are randomly distributed in the population.

BRACHIAL

SYMMETRICAL FORM

(‘5) — va/rc/g;_ﬂtliz"

€ Plone OF SYmRcEry
ber
y —rolog—y "’
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B e
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TEXT-FIG. 4.

The above three groups with distinctive ribbing systems, have also been studied
separately for odd and even numbers of costae on the fold. A similar proportion
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of odd and even numbers of costae have again been found within each of the three
groups. QOccurrence of both odd and even numbers of costae on the folds in each
of the three groups in 50 percent proportion, shows lack of correlation between the
ribbing system and the symmetry element. Specimens having the same ribbing
system may have a different symmetry element. On the other hand, specimens
having same symmetry element, may have different ribbing system.

An alternative (and probably more likely) explanation of the occurrence of
both odd and even numbers of costae on the fold is that the fold itself is asym-
metrical in the case of 50 per cent of specimens, Such asymmetry would result
if the plane of symmetry invariably passes through a costa or between two costae
(Fig. 4c and 4d). An attempt has been made to determine from transverse sections
of shells whether the plane of symmetry (as defined by the median septum) lies
along a costa or between adjoining costae. But the thickness of the shell makes
comparison of the inside and outside inconclusive.

It may be mentioned here that such discrepancy in the plane of symmetry may
also be caused by the total numbers of costae (whether odd or even). Bat
the degree of asymmetry in that case may be considered negligible as the asymmetry
of the shell is caused by a single costa, which occupies much less surface area in
proportion to the area occupied by the total number of costae. But the
agymmetry caused by odd and even numbers of costae on the fold can bs
appreciable.
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