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Abstract. Material of the belemnite species Actinocamax verus MILLER s. l. (237 

specimens) from 9 localities in the Coniacian, Santonian, and Campanian of the 

Russian Platform are analysed biometrically by methods of univariate and multi

variate statistical analysis. The results of the investigation show the probable 

existence of univariate and multivariate chronoclines; strong morphologic diffe

rences between samples would seem in part to be due to chronomorphologic 

differentiation and in part to postmorral mechanical sorting. The effects of 

postmorral sorting are brought out by an investigation on the homogeneity of 

covariance matrices of the samples in which it is demonstrated that considerable 

differences occur; they are also underlined by noteworthy heterogeneity in the 

correlation coefficients for some of the variables. The generalized distance study, 

based on four variables and six samples, produces a distorted topologic model. This 

is interpreted as being due to the fact the six covariance matrices obtained 
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from these samples, although homogeneous with respect to the test criterion, are 

still not truly equal, and also to the possibility that the three-dimensional re

presentation of the model is inadequate. A trial septivariate generalized distance 

shows that little is won by increasing the dimensionality of the study above four 

variables. Two-dimensional generalized distances for two groupings of the four 

key variables are also given. A discriminant function analysis for three 

groupings is given ( the groups being based on the results of the generalized 

distance study). Univariate and multivariate coefficients of variation are presented 

as well as coefficients of scatter. A septivariate principal component study 

permits tentative conclusions on the size and shape variation of the material. 

Seven factors were extracted of which the first accounts for 72 % of the total 

variation, the second for 13 % and the third for 10 % . Quadrivariate principal 

component analyses are also presented. The correlation coefficients for each 

sample are treated graphically by the method of morphological integration, the 

groupings made being decided by the results of the principal component analysis. 

The biometric study is made on the entire material of Actinocamax verus MILLER 

s. l. in order to avoid subjective selection of observations. As indicated in the

paleontological section, however, it would seem possible on biostratigraphic and

paleontologic grounds to be able to bring about subspecif ic taxonomic differe:itia

tion of the material and this is to a considerable extent supported by the

morphologic biometric analysis.

A'li'liOTau,u&. BbIJIH no,n;seprHyTbI 6110MeTp11qecK0My 113yqeHHIO Me

To,n;aMH O,ZJ;HO- J1 MHOrosapHaHTHOro CTaTHCTH't{eCKOrO aHaJIH30B MeJI
irn:e aKTHHOKaMaKCbI, npHHa,n;Jie:>KaI.U;He rpynnaM Actinocamax verus f ra

gilis ARKHANGELSKI J1 A. verus laevigatus ARKHANGELSKI H npOHCXO,D;.RI.U;He 

H3 p.a,n;a 06Ha:>KeH1111 KOHb.RKCKHX, caHTOHCKHX H HH:>KHeKaMnaHCKHX 

OTJIO:>KeHHM PyccK011 nJiaTcpopMbI. 

Pe3yJibTaTbI HCCJie,ZJ;OBaHH.R IlOKa3bIBalOT, 't{TO, nO-BH,ZJ;HMOMY, cy

I.U;eCTBYIOT O,ZJ;HO- 11 MHOrosapHaHTHbie xpOHOKJIHHbI. 3Ha't{J1TeJibHbie 

MOpq>OJIOrJ1qecirn:e pa3JIJ1't{J1.R Me:>K,n;y o6pa3QaMH qacTH't{HQ MoryT 6bITb 

060.RCHeHbI HaJIJ1't{J1eM xpOHOMOpq>OJIOrJ1qecKJ1X pa3JIJ1't{J1J1 J1 qacTH't{HQ 

BJIH.RHHeM IlOCMepTHOM copTHpOBKH pocTpOB. 3cpcpeKT IlOCMepTHOM 

copTHpOBKH QT't{eT JIHBO BbI.RBJI.ReTC.R npH 113yqeHHH O,ZJ;HOpo,n;HOCTH 

KOBapHaHTHbIX MaTpHQ o6pa3QOB, o6Jiap;alOI.U;HX 60JibIIIHMH pa3-

JIJ1't{J1.HMH. 3TOT :>Ke 3cpcpeKT no,n;qepKHBaeTC.R B CJiyqae 3aMeTHOJ1 

Heo,n;Hopo,n;HOCTH K03q>q>HQHeHTOB KOppeJI.RQHH HeKOTOpbIX nepeMeH

HbIX. 

J,fayqeHHe paccTO.HHH.H MaxaHaJI0611ca, OCHOBaHHOe Ha qeTblpex 

nepeMeHHbIX J1 IIIeCTH o6pa3Qax, Il03BOJIHJIO IlOCTpOHTb MO,D;eJib HCKa

:>KeHHM. Ilpe,n;noJiaraeTC.R, 't{TQ HCKa:>KeHH.H o6ycJIOBJieHbI, Bo-nepBbIX, 

TeM, 't{TQ IIIeCTb KOBapHaHTHbIX MaTpHQ, XOT.H J1 O,ZJ;HOpop;Hbie B npe-
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,n;eJiax orrpe,n;eJieHHblX rpaHHIJ;, ace :m:e ,IJ;OBOJibHO pa3JIJ1qHbl 11, BO

BTOpbIX, BO3MOJKHOCTblO Toro, qTo rrpH HeCOBMeCTHMOCTH rrepeMeH

HbIX TpexMepHbIX rrpocTpaHCTBeHHblX J1306pa:>KeHHH OKa3hIBaeTCSI 

He,n;ocTaToqHo. 

]ifayqeHHe ,IJ;HCKpHMHHaHTHblX cpyHKIJ;HH 6hIJIO rrpoBe,n;eHo ,IJ;JISI nap 

J1 ,IJ;JISI Tpex rpyrrrr, OCHOBaHHblX Ha paCCTOSIHHH MaxaHaJI0611ca. Bb1-

q11cJieHhl O,IJ;HO- J1 MHOroaap11aHTHbie K03cpcp11u;11eHTbl J13MeHqJ1BOCTH, 

a TaKJKe K03cpcp11u;11eHTbl pacce11BaHJ1SI. J1fayqeHHe OCHOBHblX KOMIIO

HeHTOB IIOKa3aJio, qTo 3aMepbI BeJIJ1qJ1Hbl aJihBeOJISlpHoro J13JIOMa He 

06pa3yroT rrp11eMJieMbIX 3Haqar.u;11x coqeTaHHH c 3aMepaMH ,n;pyr11x 

aeJIJ1qJ1H pocTpa. 3To :>Ke 6bIJIO II0Ka3aHo J1 Ha ,n;pyr11x CTa,IJ;HSIX 

pa60Tbl. 

Ko3cpcp11u;11eHTbl KoppeJISIIJ;HH ,IJ;JISI Ka:>K,n;oro o6pa3u;a 6bIJIJ1 J1306pa

}KeHbl rpacp11qeCKJ1 rrocpe,n;CTBOM MeTo,n;a MOpcpoJior11qecKOH J1HTep

rrpeTau;1111; rpynrr11poaaHJ1e rrpOBO,IJ;HJIOCb IIO pe3yJihTaTaM OCHOBHoro 

KOMIIOHeHTHOro aHaJIJ13a. )];JI.A: cpaBHeHHSI rrpHBO,IJ;SITCSI ,n;aa p.A:,n;a 611-

Bap11aHTHhIX o6o6r.u;eHHblX pacCTOSIHHSI, OCHOBaHHhlX Ha ,n;ayx rpyrr

rrax rrepeMeHHhIX. 

CTaTJ1CT11qecKoe 113yqeH11e Actinocamax verus MILLER s. l. rrpoBo,n;HJIOCb 

,IJ;JISI TOro, qTo6hI HCKJIIQqJ1Tb cy6'beKTJ1BHOCTh B BbI6ope Ha6Jiro,n;eHHH. 

O,n;HaKO, KaK IIOKa3aH0 B rraJieOHTOJIOrJ1qecKOM pa3,n;eJie pa60ThI, rrpe,n;

CTaBJISieTCSI B03MO}KHblM Ha OCHOBaHHH 611ocTpaT11rpacp11qecKJ1X J1 

rraJieOHTOJIOr11qecKJ1X ,n;aHHblX BhI,IJ;eJIHTh B rrpe,n;eJiax HCCJie,n;oaaHHOro 

BH,n;a IIO,IJ;BH,IJ;hl. 3TOT pe3y JlhTaT qacTJ1qHQ IIO,IJ;TBep:m:,n;aeTCSI ,n;aHHhlMH 

Mopcpo6110MeTp11qecKoro aHaJIH3a. 

INTRODUCTION 

The work forming the basis of this report was initiated during a visit by 
R. A. R. in Moscow in the winter of 1960-1%1. It arose out of a discussion con
cerning the possibility of using belemnites in a more detailed subdivision of 
the Upper Cretaceous of the Russian Platform. D. P. N. had made a collection 
of small Actinocamax from various levels in the Coniacian, Santonian, and Cam
panian and it was decided to use this material to test the hypotheses arrived 
at. The measurements were made in collaboration, about half being done by 
R. A. R. and about half by D. P. N. The main collecting was done in 1954, 
but other collections '1.'.ere made in 1949 and at other periods. 

The authors wish to thank Professor A. A. BOGDANOV, Head of the Depamnent 
of Historical Geology at the University of Moscow, for permitting use of the 
facilities and collections of his institute and Professor I. R. HESSLAND, Head 
of the Department of Geology at the University of Stockholm, for advice, 
encouragement and facilities for the preparation and publication of the results. 
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Some of the routine computational work was done by the class in Paleontologic 
Biometry at the University of Stockholm for 1961. The figures and model were 
made by Mr. L. ZACKRISSON of the Department of Geology of the University 
of Stockholm. Much appreciated assistance was rendered by Miss G. N. YUREL 
of che Department of Historical Geology of the University of Moscow. 

For gifts of literature and help of other kinds we are indebted co Dr. R. 
BLACKITH, London, Dr. J. HANCOCK, London, Dr. P. JOLICOEUR, Montreal, and 
Mr. C. W. WRIGHT, London. 

Financial assistance for the publication costs was generously given by "Kunga
fonden" and The Swedish Natural Science Research Council. 

Simple computations were performed on a FRIDEN desk calculator (square
rooc model) and Atvidaberg FACIT desk calculators; the sepcivariace computa
tions were made on and all quadrivariate calculations were checked on the 
computers BESK (Binary Electronic Sequential Calculator) and FACIT of the 
Swedish Board for Computing Machinery (Matemacikmaskinnamnden), Stock
holm. The measured material is kept in the collections of the Department of 
Historical Geology of the University of Moscow, Moscow V-234. The biometric 
section was written by R. A. R. and the paleoncologic section contributed by 
D.P.N.

PROVENAN CE OF THE MATERIA L 

The material here created is derived from the following localities: (1) Djurun, 
Ural-Emba region - 5490- 1 (Lower Campanian; Cmp1), (2) Don River (Bo
guchar) - 931-lb (Lower Campanian; Cmp1), (3) Ulianovsk - 359 (S�ntonian; 
Sot), (4) Don River (Boguchar) - 935-lb (Lower Campanian; Cmp1), (5) 
Lgov - 146-2 (Santonian; Sm), (6) Don River (Kazanskaia) - 922-lb (Lower 
Campanian; Cmp1 ), (7) River Sura - 8012 (Upper Coniacian; Co2), (8) Don 
River (Kazanskaia) - 917b (Lower Campanian; Cmp1 ), (9) River Volga - 5322 
( Lower Coniacian; Cn 1 ) . 

The numbers 1-9 are used hereinafter co designate the nine occurrences created 
in this paper. The numbers following the geographic names refer co the cacalog 
numbers in the collection of the University of Moscow. The letters after the stage 
names refer co the standard designations for the Cretaceous in the Stratigraphic 
Code of the Soviet Union; the use of these is shown, for example, in NAIDIN

(1960, cable facing p. 44). For a detailed discussion of the bases of the strati
graphic determinations reference is made co NAIDIN (1960). 

A highly condensed account of the stratigraphy of the Coniacian, Sanconian and 
Lower Campanian of the central pare of the Upper Cretaceous development of the 
Russian Platform (Volga region, Don Basin), the region from which the 
belemnices were obtained, is presented below. 
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Fig. 1. Map of the European part of the U.S. S. R. showing the localities, and their 
respective ages, from which the material of Actinocamax was collected. 

The underlined numbers refer to values obtained in the discriminant function analysis. 

U p p  e r  T u  r o n  i a n. The Upper Turonian of the area under review is 

built up of sandstones, chalks and limestones containing Inoceramus lamarcki 

PARKINSON and related forms. 

L o  w·e r C o n  i a c i a n. The lithological development of the Lower Coniacian 

is similar co the foregoing; it contains locally abundant occurrences of Inoceramus 

wandereri ANDERT, 1. de/ ormis MEEK, I. kleini MOLLER, Micraster cortestudina

rium GOLDFUSS, to name a few of the important forms. In the Volga region, 

from which sample 9 was collected (5322), the beds do not contain well preserved 

macrofossils. 

U p p e r C o n i a c i a n. This is well developed in the unbroken sequences 

of the Donbass and also in the Ulianovsk district of the Volga region. In the 

latter area, from which sample 7 (8012) is derived, the Upper Coniacian consists 
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of marls contammg Inoce-ramus involutus SOWERBY, I. pe-rcostatus MULLER, 

Actinocamax lundgreni STOLLEY and many small Actinocamax. 

S a n t o n i  a n. There is generally a clear transition between Upper Coniacian 

and Santonian to be observed in se:tions. In the Volga region the Santonian 

rocks consists of marls and siliceous sediments - opokas, kieselguhr, and silicified 

marls. In the more westerly parts of the Russian Platform marls dominate. 

Characteristic belemnites of the Volgan Santonian are Belemnitella p-ropinqua 

MOBERG, B. praecu-rso-r STOLLEY s. l., Actinocamax verus fragilis ARKHANGELSKI, 

and for the lower part of the stage, Inoceramus ca-rdissoides GOLDFUSS. 

L o w e r  C a m p  a n i a n. The lower part of the Lower Campanian ( the so

called "Pteria beds") lie transgressively on the various levels of the lower part 

of the Upper Cretaceous. In the Volgan Region and the Don Basin the "Pte-ria 

beds" are represented by �eries of marls or siliceous rocks (for example, opokas) 

for which the most characteristic fossil is Oxytoma (Pte-ria) tenuicostata ROMER. 

Considerably less common is Belemnitella p-raecu-rsor STOLLEY s. l. and less common 

again are large forms related to Actinocamax g-rossouvrei JANET. Small rostra 

of Actinocamax ve-rus laevigatus ARKHANGELSKI may be locally abundant. Material 

referable here is described from localities 2 (931-lb), 4 (935-lb), 6 (922-lb), 

8 (917b), collected from the valley of the River Don in the Voronezh and Rostov 

areas. In the south-eastern outskirts of the Russian Platform in the Ural-Emba 

region (Djurun and other areas) the "Pteria beds" are developed as sandstones, 

in which the small rostra of a form allied to Actinocamax ve-rus laevigatus 

ARKHANGELSKI are found, as well as abu:idant rostra of Belemnitella praecu-rso-r 

STOLLEY and large Actinocamax, as yet unstudied. 

SHORT PALEONTOLOGI C CHARACTERIZATION 

0 F A C TINO CA MA X VER US s.1. 

In the following section short paleontological descriptions of the small Actino

camax of the Upper Cretaceous of the Russian Platform are given, of which some 

have also been treated in the biometric study. 

The small Actinocamax forms of the Platform may be separated into two 

groups with distinct stratigraphic developments. The first group comprises forms 

close to Actinocamax ve-rus f-ragilis ARKHANGELSKI and occurring in the 

Coniacian and Santonian; representatives of this group do also occur in the 

"Pteria beds" of the lower pare of the Lower Campanian, but such appearances 

are very rare. The second lot is constituted by forms grouping around Actinocamax 

ve-rus laevigatus ARKHANGELSKI and restricted to the "Pteria beds" of the Lower 

Campanian. 

The rostral length of small Actinocamax lies mostly within the range 2.8 to 3.5 
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cm (rarely up to 5.5 cm), whereas the ranges for the rostral lengths of large 

species of Actinocamax lie around 6.0-8.0 cm and 1.1-1.2 cm. The rostra have 

many shapes; they may be almost cylindrical, spindle-shaped, fusiform, or club

shaped. The dorsolateral double-furrows are well developed. In many forms the 

rostral surface is covered with a fine, transverse texture of wrinkles and granula

tions. 

The anterior part of the rostrum is provided with the high, conical alveolar 

fracture. The fracture line, or scar, may be symmetric or asymmetric; in the former 

case the dorsal side is more deeply incised than the ventral. The scar may be 

set off sharply from the surface of the rostrum or may merge gradually into 

the latter. 

THE GROUP OF ACTINOCAMAX VERUS FRAGILIS ARKHANGELSKI 

Rostrum of variable shape. The majority of specimens display the texture here 

termed that of "shagreen leather". Alveolar scar set off sharply from the rostral 

surface. 

Actinocamax verus fragilis ARKHANGELSKI 

Fig.2, 1-7, 10,11,15,16 

DESCRIPTION. - The granulation of the surface of the rostrum is readily 

discernible. As a general estimation of the rostral length 3.5 cm may be taken. 

The shape of the rostrum and the extent of the asymmetry of the alveolar scar 

display appreciable variability. Most specimens are spindle-shaped, thickening 

somewhat at the sides in the anterior part of the rostrum; the alveolar scar is 

strongly asymmetrical, its dorsal height ranging around 4-9 mm and its median 

height ranging around 6-7 mm (Fig. 2, 1, 5; cf. ARKHANGELSKI, 1912, pl. 9, 

figs. 16, 17). 

REMARKS. - The subspecies here under discussion is distributed in the 

Coniacian and the Santonian. Sample 5 (156-2) from the Santonian of Lgov be

longs here as well as sample 9 (5322) from the Lower Coniacian of the Volga. 

In the Santonian, forms are also encountered which have a strongly swollen 

posterior third (Fig. 2, 10, 11). These are particularly common in the Ulia

novsk area. Part of the material comprising sample 3 (359) from the 

Santonian of Ulianovsk has this kind of rostrum. In the Santonian, and also 

very rarely in the lower part of the Lower Campanian, forms may occur which 

are slightly differently built. They may be almost cylindrical to faintly cigar

shaped with a re!atively high, weakly asymmetrical alveolar scar (Fig. 2, 

6, 7, 16). Shorr rostra are encountered only very occasionally (Fig. 2, 15). 

Finally, in the Upper Coniacian beds of the River Sura spindle-shaped rostra 

occur, the alveolar scars of which are weakly asymmetric, and whose rostral tip 
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1-7, 10, 11, 15, 16. Actinocamax verus fragilis ARKHANGELSKI. 1, Lower Coniacian of

the River Volga, near Saratov, N 5322-1; 2-4, Upper Coniacian of the River Sura, 

N 8012, N 382; 5, Upper Coniacian of the River Volga, near Saratov, N 5365; 6, 7, 

Santonian of the River Volga, near Saratov, N 5312, N 5323; JO, 11, Santonian, 

Ulianovsk, N 359, N 8027; 15, 16, "Pteria beds", lower part of Lower Campanian, 

River Don, near Kazanskaia (15 - N922-1E), and near Boguchar (16 - N935-

1E). 

8, 9, 17. Actinocamax verus verus MILLER. 8, Upper Santonian, Crimea, N 1001; 9, Santo

nian, Donbass, N 826; 17, "Pteria Beds", lower part of the Lower Campanian, River 

Don near Boguchar, N 935-lb. 
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1s displaced dorsally. (Fig. 2, 2, 3, and 4). The biometric variation of 

this material of Upper Coniacian age (8012) is studied in this paper (sample 7). 

Actinocamax verus verus MILLER 

Fig. 2, 8, 9, 17

DESCRIPTION. - Usually provided with the shagreen-leather texture in the 

anterior part of the rostrum. The rostra are relatively large compared with those 

of other "small actinocamacids". The rostra are almost cylindrical in shape to

weakly spindle-shaped but anteriorly they are somewhat compressed from the 

sides. The alveolar scar is relatively low (3-6 mm); it is symmetrically developed. 

REMARKS. - This subspecies is occasionally met with in the Crimean San

tonian (Fig. 2, 8) and in the Donbass (Fig. 2, 9), and also in the "Pteria beds" 

of the Lower Campanian of the basin of the Don (Fig. 2, 17). Twelve specimens 

of the subspecies are known from this latter region (samples 2, 4, 6). 

THE GROUP OF ACTINOCAMAX VERUS LAEVIGATUS ARKHANGELSKI 

Rostra club-shaped; there is a sharply marked inflation in the posterior third 

or fourth of the rostrum. A very characteristic feature of the group is the flattening 

of the sides, particularly in the anterior pare of the rostrum. The alveolar scar 

is relatively high and usually symmetrically developed, rarely asymmetric. A 

further characteristic feature is the tendency for the scar zone to merge into 

the rostral surface. 

Actinocamax verus laevigatus ARKHANGELSKI 

Fig. 2, 12-14 

DESCRIPTION. - On the whole the rostrum of this subspecies tends co 

be smaller than that of other subspecies of A. verus; we note that the average 

rostral length for the material of the species from locality 4 (935-lb) is about 

2.9 cm and for 78 roscra from locality 2 (931-lb) the length is about 2.85 cm. 

The clublike inflation of the rostrum occurs at about the posterior third of the 

12-14. Actinocamax verus laevigatus ARKHANGELSKI. All specimens from the "Pteria 

Beds", River Don near Boguchar, N 931-lb, N 935 lb.

18-19. Actinocamax verus laevigatiformis NAIDIN subsp. nov. From the "Pteria Beds",

Djurun, in the Ural-Emba region, N 5490-1.
20. Actinocamax verus pseudolaevigatus NAIDIN subsp. nov. From the "Pteria Beds",

River Synja, Western Siberia, N 901.

[The numbers of the figured specimens in the collection at Moscow University are: 

1 (9), 2, 3, 4 (31), 5 (5), 6, 7 (54), 8 (2), 9 (4), JO, 11 (24), 12 (1), 13, 14 (316), 15 

(20), 16 (11), 17 (12), 18, 19 (34), 20 (2).) 

All figures natural size. 
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length. The sides are distinctly flattened. The alveolar scar is relatively high, the 

height of the alveolar cone ranging around &-7 mm, very occasionally, however, 

attaining 11 mm; it is weakly asymmetric. 

REMARKS. - The rostra of this subspecies are locally very common in the 

"Pteria beds" of the Don Basin and the Volgan region, where they predominate 

greatly amongst the small Actinocamax. 

Actinocamax veruJ laevigatif ormiJ NAIDIN subsp. nov. 

Fig. 2, 18, 19 

DESCRIPTION. - The rostra of this form seem to be relatively more 

elongated than those of the other subspecies. On the basis of 12 specimens from 

the Djurun locality ( 5490-1 b) the average rostral length lies around 3.2 cm. The 

flattening of the rostral sides is less apparent than in A. v. laevigatuJ. The alveolar 

scar, which is asymmetrical, is relatively high, ranging around &-8 mm in 

height. 

HoLOTYPE. - N 5490-1 E/8, Djurun, Ural-Emba Region, Fig. 2, 18. 

AGE. - The rostra of this form occur in the "Pteria beds" of the Ural-Emba 

area. 

Actinocamax veruJ p1eudolaevigatu1 NAIDIN subsp. nov. 

Fig. 2, 20 

DESCRIPTION. - These strongly club-shaped rostra have an average rostral 

length of around 4.0 cm. The anterior part of the rostrum is very tapered (roughly 

in two phases). The sides are feebly flattened and the dorsal side is narrowed. 

The tip of the rostrum is usually slightly displaced in a dorsal direction. The 

alveolar scar passes imperceptibly into the surface of the rostrum. 

HOLOTYPE. - N 90/1, River Synja, Western Siberia, Fig. 2, 20. 

AGE. - This subspecies occurs in the basin of the River Synja, a tributary of 

the River Oh, where it is found together with Oxytoma tenuico1tata ROMER and 

Belemnitella praecunor STOLLEY s. l. No material of the form here described is 

created in the statistical section of the present paper. 

GENERAL REMARKS 

It is here pointed out that the subspecif ic designations employed in the 

foregoing may well have definite zoologic meaning inasmuch as the subspecif ic 

category is generally accepted to be a geographically defined local population 

exhibiting some form of taxonomic differentiation from the other subspecif ic 

entities of the species, which implies that no more than one breeding population 



BIOMETRIC STUDY OF ACTINOCAMAX 157 

of a subspecies can occupy a given geographic or ecologic space. In the present 

study the two groups of "A. v. fragilis" and "A. v. laevigatus" probably represent 

genuine zoologic subspecies in the sense peculiar to Paleontology, notably, that they 

do not occupy the same time space and are therefore in effect chronologic 

races. The fact that statistically significant differences do occur between these 

two groups offers support for this hypothesis. 

ARKHANGELSKI (1912, p. 597) claimed that the small Actinocamax of the 

Santonian of the European part of the U.S.S.R. differ from the development 

of Actinocamax verus MILLER s. 1. in contemporaneous deposits of Europe 

according to the descriptions of MILLER (1823, pp. 64-67, pl. 9, figs. 17-18), 

SCHLUTER (1876-1877, p. 191, pl. 42, figs. 9-15), MOBERG (1885, p. 46, pl. 4, 

figs. 15-26), and STOLLEY (1897, pp. 77, 78, pl. 4, figs. 2-5) as well as other 

authors. Our observations would appear to corroborate this inference of 

ARKHANGELSKI. However, in the material from the Russian Platform, forms are 

occasionally encountered which fall outside of the range of A. v. fragilis and which 

would seem to be referable to A. v. verus. Such forms are met with in the 

Santonian and Lower Campanian beds of the southern peripheral extent of the 

Cretaceous of the Platform (Western Ukraine, Basin of the Don), and in the 

Crimea. On the other hand, in Europe proper, where the principal distribution of 

A. v. verus occurs, typical A. v. fragilis would seem to be scarce (MOBERG, 1885,

pl. 4, fig. 22 (?), BIRKELUND, 1957, p. 24). Apparently, A. v. verus MILLER

and A. v. fragilis ARKHANGELSKI are to be regarded as geographic subspecies.

Representatives of the "laevigatus" group occur only in the "Pteria beds" of the 

Lower Campanian. These beds are widely distributed and the material studied 

in the present connexion comes from relatively widely separated occurrences. 

There would therefore appear to be a possibility that isolated geographic sub

species could have developed: A. v. laevigatus in the Volga region and the Don 

Basin; A. v. laevigatiformis in the south-eastern reaches of the Platform; A. v. 

pseudolaevigata in the boreal paleogeographic province. 

DISCUSSION OF THE BIO METRIC METHODS USED 

In addition to the standard methods of univariate and bivariate analysis, certain 

methods of multivariate analysis have been employed in this paper. References 

are given to standard textbooks and papers in which these topics are given exposi

tionary discussion. The samples were tested for homogeneity of correlation 

coefficients (RAO, 1952) and homogeneity of covariance matrices by the multi

variate analog of the BARTLETT test (ANDERSON, 1958; REYMENT, 1960 a). 

A single classification multivariate analysis of dispersion (manova) (RAO, 1948) 

was made and also a sequence of HOTELLING T2-tests (ANDERSON, 1958). 

MAHALANOBIS' generalized distances between samples with hompgeneous 
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covariance matrices were calculated (RAO, 1949 a, 1952). A discriminant function 

between Santonian and Campanian samples and for :r > 2 were calculated 

(ANDERSON, 1958). Generalized coefficients of variation (REYMENT, 1960 a), 

univariate coefficients of variation and Frischian coefficients of scatter (REYMENT, 

1960 a) were computed for each sample. Principal component analyses of several 

large samples were made (ANDERSON, 1958). 

Common symbols used are t, S == covariance matrix, t', x == mean vector, 

a, s == standard deviation, µ, x == mean, P, R == correlation matrix, .,. == correla

tion coefficient, V == coefficient of variation. In most cases Greek letters denote 

population quantities. [letters printed in boldface capitals denote matrices, those 

printed in boldface lower case letters denote vectors, and those printed in italics 

are scalars. All measurements in cm.} 

A special srudy of the observed heterogeneity of covariance matrices has been 

published by R. A. R. (REYMENT, 1962). The concept of "morphological integra

tion", as presented by OLSON and MILLER (1958) is employed; this method 

requires the correlation coefficients between pairs of variables. 

x3 

Ix� 
X2 

10 
X2 

Fig. 3. The four principal characters mea

sured on the rostra of Actinocamax vertn

MILLER s. l. 
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BASIC STATISTICAL DAT A 

The data are presented separately for each of the samples 1-8. The following 

7 characters were measured on each belemnite rostrum: length of rostrum (x1), 

maximum breadth of rostrum (x2), maximum width of rostrum in the plane 

at right angles to that containing the foregoing measurement (x3), asymmetry of 

alveolar scar (x4), distance of site of maximum inflation of rostrum from 

rostral tip (x5 ), distance of upper side of alveolar scar from alveolar scar tip 

(xn), distance of lower side of alveolar scar from alveolar scar tip (x1 ). Obviously 

x4 is dependent on x6 and x7 and for most of the multivariate calculations the 

latter two measurements were excluded. Owing to the difficulty of obtaining 

accurate observations on x;; it was excluded from almost all advanced calculations. 

The sites of the four principal measurements x1 , x2, x3, x4, are shown in Fig. 3. 

Dimension x1 may be subject co error owing co attrition of the rostrum but as 

disclosed by its coefficient of variation this is negligible in the present material. 

SAMPLE 1 

LOCALilY. - Djurun, 5490-1. 

AGE. - Lower Campanian: Cmp1 . 

NUMBER OF SPECIMENS. - 24. 

Dimension x s V Observed range 

x1 3.160 0.2557 7.92 2.75-3.80 

(3.050-3.270) (0.199-0.359) ± 1.17 

-"2 0.515 0.0557 10.62 0.40-0.66 

(0.491-0.539) (0.043-0.078) ± 1.57 

X3 0.479 0.0387 8.02 0.39-0.55 

(0.462-0.496) (0.030-0.054) ± 1.18 

X4 0.232 0.1584 66.90 0.03-0.67 

(0.162-0.302) (0.123-0.222) ± 8.40 

X5 1.311 0.2566 19.57 0.72-1.52 

(l.187-1.435) (0.205-0.368) ± 3.39 

xa 0.618 0.1241 20.08 0.38-0.95 

(0.564-0.672) (0.096-0.174) ± 2.90 

X7 0.387 0.1303 33.67 0.01-0.63 

(0.331-0.443) (0.101-0.183) ± 4.86 
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CD 

3 

® 

© (j) 
p�0.8 
a 

2� 

4 (i) p�0.7 

® 

Fig. 4. Levels of correlation for the seven variates; a,(} 2 0.8; b, Q 2 0.7; c, !! 2 0.6. 

Sample mean vector 
X== [ 3.160 l 0.515 0.479 0.232 

Sample covariance matrix 
[ 1.5039 0.1831 0.1417 0.3939 

]· 23S == 0.0719 0.0382 -0.0168 0.0355 0.0394 0.5778 
Sample correlation matrix 1.000 0.556 0.613 0.423 0.541 0.478 0.108 1.000 0.756 -0.082 -0.154 0.036 0.096 1.000 0.275 -0.070 0.275 0.004 

R== 1.000 -0.175 -0.631 -0.4531.000 0.403 -0.1751.000 0.403 1.000 
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In this case, and all ensuing, the correlation matrix in the upper left hand corner 

is that which is used in the subsequent quadrivariate multivariate calculations. 

In the diagrams in Fig. 4 the so-called degree of morphological integration 

on the basis of correlation coefficients is shown. The diagrams indicate the 

levels of correlation between variate pairs (see OLSON and MILLER, 1958; TE

RENTIEV, 1960). 

For the purposes of the construction of these diagrams the variates are 

considered to compri�e two functional groups. The first of these consists of the 

four dimensions x1, x2 , x3, x5, which are concerned with the size dimensions 

of the belemnite rostrum. The second group consists of the three dimensions 

x4, x6, x1 , which are concerned with the asymmetry of the alveolar scar. 

Histograms of the variates show that x2 and xa are good approximations to the 

normal distribution, while x1 has a flat-topped distribution and x4 is only a fair 

approximation to the normal distribution. 

SAMPLE 2 

LOCALITY. - Boguchar, 931-lb. 

AGE. - Lower Campanian: Cmp1. 

NUMBER OF SPECIMENS. - 52. 

Dimension x s V Observed range 

X1 2.799 0.2117 7.49 2.07-3.48 

(2.739-2.859) (0.176-0.261) ± 0.73 

x2 0.523 0.0714 13.65 0.37-0.69 

(0.503-0.543) (0.060-0.088) ± 1.34 

X3 0.479 0.0686 14.32 0.35-0.66 

( 0.460-0.498) (0.05 7-0.084) ± 1.41 

X4 0.235 0.0927 39.44 0.00---0.43 

(0.209-0.261) (0.077-0.114) ± 3.87 

X5 0.823 0.2116 25.71 0.42-1.31 

(0.763-0.883) (0.176----0.261) ± 2.52 

X6 0.668 0.1249 18.70 0.39-0.99 

(0.633-0.703) (0.104--0.154) ± 1.83 

X7 0.433 0.1072 24.76 0.22-0.70 

(0.403-0.463) (0.089-0.132) ± 2.43 
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G)---- ® ® G)-

®I © (J) 3 © 
a p�0.9 b p �a.a 

p�0.6 
Fig. 5. Levels of correlation for the seven variates; a, e > 0.9; b, (! z 0.8; c, Q z 0.7; 

d, Q > 0.6. The sample mean vector 
[ 

2.7
99 l -x = 0.523 .0.479 0.235 The sample covariance matrix 

[ 
2.2833 �:�:;� �:;:�: �:���� lSIS= 0.2386 0.0358 0.4399 The sample correlation matrix 1.000 0.933 0.296 0.300 0.584 0.286 0.419 

l 1.000 0.930 0.074 0.200 0.200 0.074 1.000 0.111 0.568 0.001 -0.583
R= 1.000 0.160 0.509 -0.2141.000 0.296 0.362 1.000 0.713 1.000 The pattern of integration between variables is shown in Fig 5 (d. p. 161). Histograms of the variates x1, x2, xa , x4 show all are reasonable approximations to the normal distribution, even if x2 and x3 tend to be peaked. 
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SAMPLE 3 

LOCALITY. - Ulianovsk, 359. 

AGE. - Sanronian: Snr. 

NUMBER OF SPECIMENS. - 1 7. 

Dimension x s 

x1 3.479 0.4960 

(3.216--3.742) (0.3811-0.7780) 

x2 0.613 0.1288 
(0.545-0.681) (0.099-0.202) 

X3 0.588 0.1204 
(0.524-0.652) (0.093-0.189) 

X4 0.282 0.1082 

(0.225-0.339) (0.083-0.169) 

X5 1.324 0.2691 
(1.181-1.467) (0.200--0.410) 

X6 0.646 0.3314 
(0.470--0.822) (0.247-0.504) 

X7 0.364 0.1229 
(0.299-0.429) (0.092-0.187) 

0 ®

V 

14.26 

± 2.45 

21.01 

± 3.60 

20.48 

± 3.51 

38.37 

± 6.58 

20.32 

± 3.49 

51.30 

± 8.80 

33.79 

± 5.79 

® 

© (j) 
a p�0.9 

® 

p�0.8 C 

163 

Observed range 

2.32-4.28 

0.32-0.79 

0.30--0.77 

0.06--0.44 

0.92-1.73 

0.25-1.08 

0.10--0.72 

p�0.7 
Fig. 6. Levels of correlation for the seven variates; a, g > 0.9; b, g > 0.8; c, (} � 0.7. 
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X= 

The sample covariance matrix 
[ 3.479]0.613 0.588 0.282 

[ 4.1814 16S= 0.5071 0.8769 0.2824 0.2536 0.2470 
The sample correlation matrix

L 

1.000 0.467 0.863 0.5 50 1.000 0.960 0.414 1.000 0.242 1.000 
0.722 0.497 0.559 0.596 1.000 

0.5502 l 0.0978 0.0535 0.1981 
0.038 0.414 0.430 0.430 0.393 1.000 

0.552 0.222 0.650 0.346 0.528 0.486 1.000 
The pattern of integration between variables is shown m Figs. 6, �-c (cf. p. 161).
The histograms all show relatively flat-topped forms, with x3 deviating most strongly from the shape of the normal distribution. We note chat x1 is roughly normally distributed with a modal value at 3.68 cm. Clearly defined modal values do not occur for the distributions of the variables x2, x3, and x4 • It is interesting to observe that the coefficient of variation for variable x4 of this sample, and that for the other Santonian sample (sample 5), are the lowest of the entire study material. 
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SAMPLE 4 

LOCALilY. - Boguchar, 935-lb. 

AGE. - Lower Campanian: Cmp1. 

NUMBER OF SPECIMENS. - 50. 

Dimension X s 

x1 2.924 0.4793 

(2.786--3.062) (0.400-0.597) ± 

x2 0.532 0.0686 

(0.512-0.552) (0.057-0.085) ± 

X!l 0.510 0.0656 

(0.481-0.529) ( 0.055-0.081) ± 

x� 0.204 0.1015 

(0.175-0.233) (0.086-0.127) ± 

X5 1.076 0.3219 
(0.982-1.170) (0.270-0.402) ± 

X6 0.611 0.2200 

(0.548-0.674) (0.184-0.276) ± 

X7 0.405 0.1353 

(0.366-0.444) (0.113-0.169) ± 

G)� ® ®

G) © (J) 

V 

16.39 

1.63 

12.89 

1.29 

12.86 

1.29 

49.75 

4.98 

29.92 

2.99 

36.01 

3.60 

33.41 

3.34 

a p>0.95

® ® 

p�0.9 C 
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Observed range 

2.10--4.27 

0.37-0.70 

0.37-0.66 

0.00-0.45 

0.57-2.21 

0.30-1.03 

0.18-0.80 

p>0.7
Fig. 7. Levels of correlation for the seven variates; a, e > 0.95; b, g > 0.9; c, !J > 0.7. 
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X == 0.532[ 2.924 l 

0.510 0.204 
The sample covariance matrix 

49S== [ 11.1654 

The sample correlation matrix 1.000 0.820 1.000 
R== 

1.3135 1.3267 0.2297 0.2121 0.2114 
0.7507 l 0.1101 0.1081 0.5050 

0.864 0.316 0.682 0.289 0.962 0.323 0.343 0.227 1.000 0.331 0.641 0.189 1.000 0.119 0.478 1.000 0.149 1.000 

0.407 0.346 0.291 0.073 0.288 0.648 1.000 
The pattern of integration between variables is shown in Figs. 7, a-c (d. p. 161). The distribution of x1 is a fairly good approximation co the normal curve, but chose of x2 and x3 are very flat-copped. That the latter is so is a little surprising as the distributions of x5 and x0 are good approximations co the normal distribution. The distribution of x4 is very drawn out laterally, which is a reflection of the wide range of values for this variable in sample 4. There seems, however, co be a fairly well defined modal value at about 0.22 cm, which lies exaccly at the midpoint of the distribution. Remaining modes are, x1 (2.75 cm), x2 (0.55 cm); hence, the distribution of variable x1 skews slighcly co the left (mean == 2.92 cm) and that of variable x2 skews slighcly co the right (mean== 0.53 cm). The other distributions do not show clearly defined modes. 
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SAMPLE 5 

LOCALilY. - Lgov, NI46/2. 

AGE. Santonian: Snr. 

NUMBER OF SPECIMENS. - 23. 

Dimensions x l V Observed range 

x1 3.457 0.3504 10.14 2.71-4.35 
(3.302-3.612) (0.271-0.496) ± 1.50 

x2 0.589 0.0866 14.70 0.36-0.71 
(0.551-0.627) (0.067-0.122) ± 2.17 

xa 0.581 0.0800 13.77 0.40---0.69 
(0.546-0.616) (0.062-0.113) ± 2.03 

X4 0.353 0.1327 37.59 0.12-0.66 
(0.296-0.414) (0.102-0.188) ± 5.54 

X5 1.427 0.3401 23.83 1.00---2.31 
(1.277-1.5 77) (0.263-0.481) ± 3.51 

X6 0.826 0.1634 19.78 0.49-1.19 
(0.754-0.898) (0.126-0.231) ± 2.92 

X7 0.473 0.1407 29.75 0.28-0.67 
(0.411-0.535) (0.109-0.199) ± 4.39 

G) 2
® ® 

G)- ® 6 

3 © (J) 3 (J) 
a p�0.95 p>0.85

(J) 
C p>0.8

Fig. 8. Levels of correlation for the seven variates; a, v :::::: 0.95; b, v :::::: 0.85; c, v � 

0.8; d, V > C>.7. 
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X == [ 

3.457 l 0.589 0.581 0.353 
The sample covariance matrix 

22S == [ 
2.7021 0.5141 0.4950 0.1652 0.1417 0.1404 

The sample correlation matrix -1.000 0.769 0.496 0.448 0.645 1.000 0.932 0.206 0.207 1.000 0.192 0.382 
R== 1.000 0.307 1.000 

0.4580 l 0.0520 0.0447 0.3875 
0.664 0.401 0.512 0.403 0.512 0.359 0.704 0.125 0.293 0.050 1.000 0.510 1.000 

The pattern of integration between variables 1s shown in Figs. 8, a--d (d. p. 161).
The distribution of x1 seems to be a fair approximation to the normal, as also that of xa , while x2 and more so, x4 , are poor approximations. The mode and the mean coincide almost for the histogram of x1 and lie at about 3.5 cm (mode ==3.54 cm, mean== 3.46 cm). The histogram for variable xa indicates a skewed distribution with the mode displaced to the right. The values for variable x4 range widely and there is no clear modal value. The mode for variable x2 lies at 0.60 cm and that for the distribution of variable x3 lies at 0.70 cm (mean== 0.58 cm). 
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SAMPLE 6 

LOCALITY. - Don River (Kazanskaia), 922-lb. 

AGE. - Lower Campanian: Cmp1. 

NUMBER OF SPECIMENS. - 24. 

Dimension x s V Observed range 

x1 2.908 0.3879 13.34 2.40---4.02 

(2. 7 44----3.072) (0.308-0.556) ± 1.92 

x2 0.520 0.0678 13.04 0.40--0.65 
(0.491-0.549) (0.053-0.095) ± 1.88 

xa 0.503 0.0671 13.34 0.40--0.64 
(0.475-0.531) (0.052-0.094) ± 1.92 

X4 0.198 0.0883 44.60 0.08-0.39 
(0.161-0.235) (0.069-0.125) ± 6.44 

X5 1.080 0.2651 24.55 0.84----1.59 
(0.968-1.192) (0.206--0.372) ± 3.54 

X6 0.595 0.1175 19.75 0.43-0.88 

(0.545-0.645) (0.091-0.165) ± 2.95 

X7 0.402 0.1063 26.44 0.23-0.66 

(0.353-0.451) (0.082-0. 149) ± 3.95 

G) ® ® ® ® 

© (J) © (J) 
a p>0.95 b p>0.85

Fig. 9. Levels of correlation; a, (! � 0.95; b, e > 0.85. 
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X == 

The sample covariance matrix 
23S == [3.6116 

The sample correlation matrix 
R== [ 1.000 

[ 2.908 l 0.520 .0.503 0.198 
0.4929 0.5032 0.1061 0.1008 0.1030 

0.3900 l 0.0461 0.0584 . 0.1838 
0.796 0.804 0.479 l 1.000 0.%5 0.330 1.000 0.424 . 1.000 

It will observed that this correlation matrix concerns only the variables 
The pattern of integration between variables is shown m Figs. 9, a-b (d. p. 161). The histograms suggest that the distributions of all four variables correspond fairly well to that of the normal distribution. The histogram of variable x1 indicates a certain amount of skewing to the left, although a well defined modal value occurs at 2.85 cm (mean== 2.91 cm), near to the center of the distribution. The distribution of variable x4 is also slighcly skewed to the left; it differs from most of the sets of variable x4 in ranging much less widely. The remaining modal values are, x2 (0.47 cm), x:1 (0.47 cm), while variable 

x4 does noc give a clearly defined mode. 
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LOCALilY. - River Sura, 8012.

AGE. - Upper Coniacian: Cn2. 

NUMBER OF SPECIMENS. - 28. 

Dimension x 

Xl 2.985 

(2. 7 38-3.232) 

x2 0.508 

(0.459-0.557) 

X:J 0.499 

(0.346--0.652) 

X4 0.236 

(0.182-0.290) 

X5 1.188 

(1.067-1.309 

X6 0.646 

(0.577-0.715) 

X7 0.406 

(0.351-0.461) 

SAMPLE 7 

s V 

0.6261 20.60 

(0.495-0.852) ± 2.75 

0.1233 24.27 

(0.097-0.168) ± 3.24 

0.3869 77.53 

(0.306--0.526) ± 10.36 

0.1378 58.38 

(0.109-0.187) ± 7.80 

0.3072 25.86 

(0.243-0.418) ± 3.46 

0.1752 27.12 

(0.139-0.238) ± 3.63 

0.1404 34.58 

(0.110-0.191) ± 4.62 

a p>0.9

C 

171 

Observed range 

2.16--4.58 

0.29-0.79 

0.28-0.77 

0.00-0.69 

0.69-2.05 

0.33-1.18 

0.18-0.85 

p�0.7 
Fig. 10. Levels of correlation for the seven variates; a, g > 0.9; b, g > 0.8; c, e > 0.7. 
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X == 

The sample covariance matrix 
27S == [ 10.5863 

The sample correlation matrix 1.000 0.881 0.593 1.000 0.357 1.000 R== 
· · · · · · · · · · · · · · · · · · · • • · ·  

[ 2.985 l 0.508 0.499 0.236 
1.8354 0.4101 

0.390 0.294 0.459 1.000 

1.2271 0.4592 4.0410 
0.874 0.395 0.754 0.773 1.000 

0.4899 l 0.1401 0.2104 . 0.5123 
0.730 0.463 0.817 0.426 0.807 0.470 0.678 -0.2010.474 0.572 1.000 0.565 1.000 

The pattern of morphological integration between variables is shown in Figs. 10, a-c (cf. p. 161). 
All distributions seem to be moderately good approximations to the normal distribution, but with a tendency to flat-toppedness. The histogram for variable x4 is interesting in that it represents the best approximation to the normal distribution of any of the samples of that variate. Variable x3 shows a slight tendency towards skewing to the left. The mode for x1 lies at 2.7 cm, that for variable x2 at 0.50 cm, that for variable xa at 0.55 cm, and that of x4 at 0.18 cm. 27 of the observations for variable x4 lie within the range of 0.00-0.40 cm, but one specimen measures 0.69 cm. 
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SAMPLE 8 

LOCALITY. - Don River, 917b. 

AGE. - Lower Campanian: Cmp1. 

NUMBER OF SPECIMENS. - 11. 

Dimension x s V Observed range 

Xt 2.918 0.4418 15.14 2.12-3.52 

(2.607-3.229) (0.324-0.813) ± 3.39 

x2 0.528 0.0938 17.77 0.39-0.69 

(0.462-0.594) (0.069-0.173) ± 3.98 

X3 0.485 0.0742 15.30 0.37-0.59 

(0.433-0.537) (0.054-0.136) ± 3.42 

X4 0.158 0.0721 45.63 0.05-0.30 

(0.107-0.209) (0.053-0.133) ± 10.21 

X5 1.065 0.1490 25.95 0.66---1.63 

(0.874-1.256) (0.189-0.476) ± 5.70 

X6 0.574 0.1490 25.95 0.34-0.86 

(0.469-0.679) (0.104-0.261) ± 5.81 

Xj 0.414 0.1625 39.25 0.14-0.74 

(0.299-0.529) (0.114-0.285) ± 8.78 

© ®l 
a p�0.95 p�0.9 

C p>0.85 p�0.7 
Fig. 11. Levels of correlation for the seven variates; a, e > 0.95; b, e > 0.9; c, e > 

0.85; d, e 2: 0.7. 
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X == [ 2.918 l 0.528 0.485 .0.158 The sample covariance matrix 

0.0102 10 S == [ 2.1472 0.4138 0.3136 0.0968 0.0706 0.0601 
0.1049 l 
0.0174 

The sample correlation matrix 
R== 

1.000 0.908 1.000 
. . . . . . . · · · · · · · • · · · · · - · · · · · · · · · ·  

0.873 0.925 1.000 
0.205 0.137 0.587 1.000 

0.0574 
0.063 0.599 0.405 0.712 0.605 0.485 0.625 0.768 0.237 0.230 0.168 -0.4351.000 0.515 0.368 1.000 0.897 1.000 The pattern of morphological integration between variables is shown in Figs. 11, a-d (cf. p. 161).

Summarizing remarks The histograms indicate that the approximations to the normal distribution are generally fair to good, but occasionally poor. The deviations may be a reflection of sorting with respect to different characters. This subject will be taken up further on in several connexions. The overall very high coefficients of variation for x4 are partly due to the smallness of this dimension and also to its mostly considerable variability. The fact that the coefficients of variation do not vary regularly from sample to sample may also be a reflection of the effects of sorting. The diagrams based on the correlation coefficients indicate that x2 and xa seem to be highly correlated; this is apparent in seven of the samples while sample· seven would seem to be anomalous in this respect. Almost equally as strong correlation is displayed between x1 and x2 and x1 and x3, although the correlations between the respective pairs of variables are more variable from sample to sample.Intergroup correlation at the highest level of correlation studied occurs only in the anomalous sample seven. In the other seven samples intergroup correlation 
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does nor become apparent until a relatively low level of correlation has been 

attained. 

The correlations between any pair of variables from sample to sample may 

be arranged in runs (d. FELLER, 1959; OLSON and MILLER, 1958), whereby, 

the only states interesting us are those of "significantly correlated" ( == C) and 

"uncorrelated" (== 0), as ascertained from DAvm's (1937) tables of the correla

tion coefficient. The complete set of corre!ation coefficients for any sample 

may also be ordered in runs and then compared with the sequences from other 

samples. The correlation runs within samples are shown in the following table. 

Table of correlation runs 

Sample no. Age Runs (r1zr13r14r2sr24r34) 

I Campanian cccooc 

2 Campanian coocoo 

4 Campanian ccocoo 

6 Campanian ccocoo 

8 Campanian ccococ 

3 Santonian ccccoo 

5 Santonian ccocoo 

7 Upper Coniacian cccooc 

It will be seen on perusal of the foregoing table that three samples have the 

identical run CCOCOO, two of them of Lower Campanian age and one deriving 

from a Santonian sample. 

In the following table the runs formed by each correlation coefficient from 

sample to sample are shown. 

Table of correlation runs 

Correlation coefficient Run (12468357) 

1'12 cccccccc 

1'18 cocccccc 

1'14 ccooococ 

1'28 occcccco 

1'24 00000000 

1'34 cooocooc 
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Although the observations available are coo few co permit quantitative testing 

!:everal tentative conclusions may be drawn from the tab!e above. The correlation 

coefficient r12 is significantly correlated in all samples and r13 , with its run 

COCCCCCC is also to be taken as significantly correlated. The sequence for 

r2 a is also probably non-random. A non-random uncorrelated sequence would 

!:eem to be that for r24, namely, 00000000. The correlation coefficient r1 4 

forms 5 runs, as does also r3 4; these two sequences would seem to be random. 

Some univariate comparisons were made between samples. A comparison 

between large Campanian specimens (sample 1) and small Santonian specimens 

(sample 5) gave t == 3.16, which is significant. This therefore indicates that 

the lengths of rostra of the largest and the smallest occurrences differ. A 

comparison between rostral lengths of samples 3 and 5, both of Santonian age, 

gave t == 0.46, which is not significant. A t-test between Upper Coniacian and 

Santonian material was made (samples 7 and 3), a value oft== 2.73 being obtained 

for 44 degrees of freedom, which is probably significant. A univariate, single

classification analysis of variance was made on x4 in samples 1-6, with 189 

degrees of freedom. The analysis gave F == 58.29, which is highly significant, 

and which indicates that the degree of asymmetry of the alveolar scar varies 

strongly from sample co sample. This observation is taxonomically significant 

in connexion with the delineation of the various subspecies of Actinocamax 

verus. 

In the following table the observed ranges for correlation coefficients are 

shown for the eight samples. 

Correlation coefficient observed range correlation coefficient observed range 

1"12 0.467-0.933 1"27 0.074-0.485 

1"13 0.296-0.873 1"37 0.111-0.625 

1"14 0.205-0.550 1"35 -0.070--0.768

1"]5 0.063-0.874 1"36 0.001-0.807

1"16 0.038-0.730 1"37 -0.583-0.650

1"]7 0.108-0.552 1"45 -0.175-0.773

1"23 0.357-0.960 1"46 -0.435-0.704

1"24 -0.082-0.414 1"47 -0.453-0.515

1"25 -0.154-0.712 1"57 0.293-0.S 15 

1"26 0.036-0.81 7 1"G7 0.403-0.897

Very little material was available from sample 9, the Lower Coniacian locality 

on the Volga River. The averages of the four dimensions x1, x2, x:i, x4 are 

shown in the following table. The sample size is 4. 

4.025 0.658 0.665 0.200 
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It is instructive to plot the means of the samples against time in order to 
ascertain whether chronoclines in some or any of the dimensions exist. This 
is done in Fig. 12. 

4.000 � i 
0 0.700

0 

tt 
I 

3.500
tt 0.600

ff
� 

3.000 f \!1 
l 0.500
i I 

2.500 · 0.400
C C C C C C 
0 0 C 0 0 0 C 0 

"[j ·u 0 ·c ·u ·u 0 
·c

0 0 ·c 0 0 0 ·c 0 

·c ·c 0 0. ·c ·c 0 0. 
0 0 .., E 0 0

.., EC C 
u u 0 0 u u 0 0 

=> (.f) u _j :j (/) u 

I 0.500 c-0.100 
0 

0.600 /1 0.400 '._

t
1 i 

tM 
I 

0.500 0.300 �-

tl\ 
I 

I 

0.400 i- 0.200 0 

i 

jI I 
I 

0.100 i-0 300 f-
. '--· -- - - _J_ __ 

I 
--- ___ I -- - - ____ I ___ 

C C C C C C 

0 0 C 0 0 0 C 0 

·u ·u 0 C ·u ·u .Q ·c
0 0 ·c 0 0 0 C 0 

·c ·c 0 0. ·c ·c 0 0. 

0 0 .., E 0 0
.., 

E 
u u 

C u u C

0 0 0 0 

=> (/) u _j => (/) u 

Fig. 12. Changes in the mean values of the dimensions x1, x2, xa, and X4 from Lower 

Coniacian to Lower Campanian time. 
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In all cases but that of the small Lower Coniacian sample (N == 4) the 

confidence boundaries are indicated in Fig. 12. Apart from the Upper Coniacian 

sample, there is a gradual general decrease in size for the variates x1, x2, and x:1, 

while the behavior of x4 is more of an oscillatory nature. The reason for the 

difference in behavior in the first three variables and x4 is probably to be sought 

in their different morphologic nature. The first three, x1, x2, and xa , are typical 

size dimensions and an increase or decrease in them will tend to be followed 

mutually. As indicated by the morphologic-integrational work in the foregoing, 

and the principal component analysis in a succeeding chapter, x4 is not strongly 

connected with the size dimensions and therefore cannot be expected to link 

up closely with their fluctuations. In Fig. 13 ,fluctuations in the quadrivariate 

mean vector are shown. The values of the mean vector are given in the table 

below. 

Tables of lengths of quadrivariate mean vectors (x1, x2, xa, x-1) 

Lower Coniacian Upper Coniacian I Santonian I Lower Campanian 

4.137 3.078 
13.592, 3.57213.246, 2.897, 3.009, 2.924, 3.003

Fig. 13 also indicates the same approximate trend towards smaller size, from 

Lower Coniacian to Lower Campanian. Summing up, it would appear that 

a definite size trend exists from Lower Coniacian to Lower Campanian in which 

the dimensions of the rostrum gradually decrease; that is a negative size 

chronocline occurs. 

Upper Coniacian 

Lower Coniacian 

Santonian 

Lower Companion 

w w w w w w &-- &-
coo rv 1:-- m co oN
00000000 
00000000 

0 03 0 

Fig. 13. Chrono!ogic changes in the length of the mean veaor for 9 samples 

from Lower Coniacian to Lower Campanian. 
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HOMOGENEITY OF COVARIANCE MATRICES 

At an early stage in the study it became apparent that heterogeneity of 
covariance matrices could be expected. Therefore, the covariance matrices of the 
first 8 samples were investigated with the aid of the multivariate analog of the 
BARTLETT test for homogeneity. ( For details, reference is made to ANDERSON 
(1958).) The highly significant value of -2 log

e
W==683.7 was obtained 

(x2 
_975,70== 90). Examination of the covariance matrices indicates that the

heterogeneity would seem mainly to arise from samples 7 and 8. These were 
excluded from the material and the calculations carried out again. This time 
- 2 loge W was found to be 82.22, which is indicative of a lesser degree of
heterogeneity (x2 ms,so== 70). Summing up, we have that samples 7 and 8
cause extensive heterogeneity in the pooled material. These were therefore 
excluded from the multivariate computations. 

The three variables x5, x6 , and x7 were excluded from most of the multivariate 
calculations for the following reasons. The latter two were taken in order to 
supply a measure of the asymmetry of the alveolar scar, x4, and it was therefore 
considered worthwhile economizing in the number of variables by excluding 
these two. The variable x5 was excluded owing co the heterogeneity in the correla
tion coefficients formed by ic with the other variables. Testing r15 for homo
geneity in six samples gave z2 == 23.62 (k == 5), which is highly significant. 

In the present connexion the multivariate coefficients of scatter and the 
corresponding multivariate coefficients of variation were computed. They are: 

Table of multivariate coefficients of variation and scatter 

Sample 2 3 4 5 6 7 8 

2.31 1.39 3.79 2.40 2.75 2.22 6.57 1.33 

IRli 0.38 0.27 0.41 0.13 0.18 0.13 0.39 0.03 

The two extreme samples, 7 and 8, are shown by the above table to occupy 
the upper and lower extreme positions. The relatively low values of the coefficient 
of scatter are a reflection of the fairly high correlation between variables. This 
is one of the contributing causes to the low values of V 4, compared with 
the univariate coefficients of variation. Another contributory cause is that 
the values obtained of the multivariate coefficient of variation are dependent 
on a vector length, which is in its turn dominated by the largest component in 
the mean vector, namely, that of x1 • One of the deficiencies of the univariate 
coefficient of variation is char comparisons between dimensions of different 
magnitude are unrealistic. In the present connexion comparisons between the 
coefficients of variation of x1 and x4 exaggerate the variability of the latter, 
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owing to its much lesser size, even taking into consideration the generally 
relatively greater variance of x1• The multivariate coefficient of variation therefore 
rends to supply a more cohesive picture of the covariability of the four 
variables. 

The significance of the intercorrelacion between variables may be tested 
by calculating the statistic (d . .ANDERSON, 1958): 

The criterion V thus reduces to 

V= J!!l_ 
Il!Rul 

V=!Ri. 

Taking the two largest samples we can use asymptotic theory in calculating 
the significance. For samples 2 (N = 52) and 4 (N = SO), IRC2) I = 0.0729, and 
jR(4)1 = 0.0169. One calculates -mlogV, which is distributed approximately 
as x2 with/= �-(p 2 -�P;) degrees of freedom and where 

For sample 2, -mlogVC2) = 127.93 and for sample 4, -mlogVC4) = 197.08, 
both of which are highly significant. There can therefore be no doubt of the 
dependence between the four variates for 6 degrees of freedom. 

For comparison, the correlation matrix for the variables x5, x6 and x7 for 
sample 4 was taken. For this we have that IRI = 0.527. The number of degrees 
of freedom is 3 and -mlogV = 29.98. The significance point for x2 with 
3 degrees of freedom is 11.3 on the .01 level of significance and the value 
obtained is highly significant; it may therefore be inferred that the variables 
are not independent. 

Homogeneity of certain bivariate covariance matrices 

In connexion with the chapter on generalized distances it is required to study 
certain two-dimensional matrices, namely, the matrices formed by the variate 
pair x1 -x2 and the variate pair x2 -x3• It was considered probable that the 
state of homogeneity of the four-dimensional covariance matrices considered in 
the foregoing could well be different from that of the two-dimensional matrices. 
In order to test this supposition the respective sets of matrices were analyzed 
for homogeneity. 

The eight matrices for the variates x1 and x2 were found to be heterogeneous 
(x2 

== 662.34). The origin of the heterogeneity was not pinpointed directly, 
although it seems as though the matrices of · samples 2, 3, and 7 might be the 
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divergent ones. As a byproduct of the computations a table of bivariate coeffi

cients of variation and scatter was drawn up. It is reproduced here. 

Sample 

Table of two-dimensional (x1, x2) coefficients of variation and scatter 

1 

7.46 

0.83 

2 3 4 

11.96 13.88 11.23 

0.36 0.88 0.57 

5 

8.60 

0.64 

6 

9.46 

0.78 

7 8 

14.39 8.30 

0.47 0.42 

For the eight matrices of the variates x2 and x3 a result of heterogeneity was 

obtained. Elimination of sample 7 from the computations reduced the "level 

of heterogeneity", to give a chi-square of 40.70 (x2 1s,.os = 28.87). As in 

the foregoing connexion the coefficients of scatter and variation were computed; 

it was found that the values for sample 7 deviate widely from the others. The 

table of values is given below. 

Table of two-dimensional (x2, xa) coefficients of variation and scatter 

Sample 1 I 2 3 4 5 
I 

6 7 8 

V2 X 10- 2 11.61 I 15.95 15.75 12.47 13.041 10.50 I 97.40 I 18.56 

1a1i 0.661 0.37 0.28 0.27 0.361 o.61 I 0.931 0.38

Finally, it is of interest to observe that the septivariate coefficient of variation 

for sample 4 (N = 50) is V 1 = 21.24 X 10- 2
, which is higher than in the 

quadrivariate case and indicates a lesser overall degree of correlation between 

variables. 

Summarizing remarks 

Owing to the existence of heterogeneity in the four-dimensional covariance 

matrices in the eight samples it was found necessary to analyse these in order 

to detect the diverging samples. This was attempted with the aid of the 

determinants of the covariance matrices; the investigation permitted localization 

of the divergencies to two samples. The heterogeneity is here considered to have 

arisen mainly from the effects of sorting but also as a result of evolutionary 

processes. But, although sorting of the belemnite rostra is indicated, the fact 

that they are mostly excellently preserved speaks against more than slight 

transport, without much attrition. Tests for independence of variables were made 

for x1, x2, x::1 , and x4 in two samples and one test for independence of variables 
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in a large sample of x5, x6, and x1• These tests indicate an overall relatively high 

degree of dependency between variables and support the results of the study on 

integration between variables. 

Tests of homogeneity of covariance matrices for two bivariate sets of the 

variate pairs x1 , x2 and x2, x3 indicate that in the former case the degree 

of heterogeneity is high. The heterogeneity could not be much reduced by ex

cluding matrices 7 and 8, the diverging matrices of the four-dimensional in

vestigation. For the latter pair eliminating sample 7 from the computations 

lowered the "degree of heterogeneity" considerably. 

In the type of material studied in the present paper one may therefore suspect 

that changes in the number of variables may influence the conditions of homo

geneity in the covariance matrices. 

For further remarks on heterogeneous covariance matrices in paleontologic 

biometry reference is made to REYMENT (1962). 

PRINCIPAL COMPONENT STUDY 

The principal component analysis was carried out on the matrix of products 

and cross products for the sample Boguchar 93 5-1 b. This differs only from the 

covariance matrix by being 49 times greater than it (N == 50). Also the septivariate 

correlation matrix for the sample Boguchar 931-1 b, and 9 quadrivariate matrices of 

sums and products. The order of variables is x1, x5 , x2, x3, x6, X4, X7. 

-11.1654 5.1323 1.3135 1.3267 1.4875 0.7507 1.2875

5.1323 5.0764 0.5957 0.6639 0.5187 0.1913 0.6144 

1.3135 0.5957 0.2297 0.2121 0.1677 0.1101 0.1570 

A== 1.3267 0.6639 0.2121 0.2114 0.1337 0.1081 0.1265 

1.4875 0.5187 0.1677 0.1337 2.3740 0.5229 0.9443 

0.7507 0.1913 0.1101 0.1081 0.5229 0.5050 0.0492 

1.2875 0.6144 0.1570 0.1265 0.9443 0.0492 0.8956 

The principal components extracted from it are not identical with chose 

obtainable from the covariance matrix but they are of the same relative magnitude. 

The eigenvalues of A are (N-1) times those of S, respectively; the eigenvectors 

from each matrix are the same. The eigenvalues and eigenvectors were extracted 

by program Q 10 (JACOBI method) on the BESK and FACIT electronic computers. 



Eigenvalue 

14.8141 

2.7421 

1.9925 

0.5906 

0.2029 

0.1095 

0.0058 
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Table of eigenvalues and eigenvectors for Boguchar 935-lb 

Corresponding eigenvector 

0.8482 0.4755 0.1005 0.1028 0.1346 0.0577 0.1109 

0.1087 -0.5081 0.0144 -0.0109 0.7756 0.1813 0.3087 

-0.4851 0.7140 -0.0650 -0.0540 0.4533 0.0044 0.2055 

0.0298 -0.0726 -0.0184 -0.0500 -0.1790 -0.6713 0.7130 

-0.1145 0.0142 0.2065 0.1536 -0.3627 0.6800 0.5714 

-0.1386 -0.0129 0.7400 0.5972 0.1060 -0.2252 -0.1202 

0.0300 -0.0726 -0.0184 -0.0500 -0.1790 -0.6713 0.7130 

Before proceeding with the interpretation of the results of the matrix operations 

a few words concerning the concepts involved in principal component analysis 

might be in place. The method was originally introduced as an alternative to 

the mathematically related procedure of Factor Analysis, in the treatment of 

psychometric data. Both procedures are, as first proposed, "semi-statistical" 

techniques in that they do not take stochastic variation into account. Factor 

analysis was first applied to biologic data some 25 years ago. Only the largest 

eigenvalue (and eigenvector) was extracted from the correlation matrix of the 

studied variables, the elements of this correlation always being positive ( the 

"general factor" of psychometric analysis). Later applications of factor analysis 

have also been made to include subsequent eigenvalues and their corresponding 

eigenvectors. 

The application of principal component analysis to biologic materials is 

basically the same as for factor analysis. Here one uses either the covariance 

matrix or the correlation matrix of the variables involved; in the latter case the 

components of the eigenvectors should be adjusted by dividing each element 

by the pertinent standard deviation. Although there is no concrete reason for 

the assumption, this "component" is attributed to size variation, hence variation 

traceable to environmental causes. The subsequent eigenvectors have positive 

and negative elements and are usually interpreted as being shape components, 

representative of "internal" variability. This explanation of the mathematical 

results is not without arbitrariness, for shape variation can in some organisms 

be caused by environmetal stimuli. 

The results of the shape and size analysis of the data are presented in the 

following table. 
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Regarding the equations of the axes of the ellipsoid, 

x,-x, 

b11 

where the b;; refer to the appropriate elements of the pertinent eigenvector, the 
variation may be analysed in the ensuing terms. The equation of the major axis of 
the ellipsoid represents a simultaneous increase in all variables, most of the 

variation occurring in the two measures of rostral length, length of rostrum 
and site of maximum inflation of the rostrum, whereas the other five dimensions 

make contributions of about the same magnitude. This principal component is 
interpreted as a growth trend. 

The second axis represents mainly variation in site of maximwn inflation and 
one of the alveolar measurements, namely, that representing the lower edge of 
the alveolar scar. In a sense it is a shape component whereby a decrease in the 

distance of the site of maximum inflation from the alveolar scar tip is 
simultaneously followed by an increase in the length of the long side of the 
alveolar scar. This variation is positively followed to a lesser extent by the 

other side of the alveolar scar; the contributions of the other variables are not 
important. These two principal components account for almost 86 percent of 
the total variation. 

The third principal component represents mostly variation in rostral length, 
site of maximum inflation and the long margin of the alveolar scar, with 

a lesser contribution from the short margin of the scar; the contributions of 
the remaining variables are almost zero. In this connexion joint positive variation 
in the latter three variables is simultaneously accompanied by negative varia
tion in rostral length, and vice versa. This is also a shape component. The first 
three principal components. cover almost 96 % of the total variation. 

For the fourth axis the variation is principally concentrated to the asymmetry 
of the alveolar scar and the length of the shorter scar margin, with a less important 

contribution from the opposite margin. This is a shape component, a negative 
change in the asymmetry of the scar being accompanied by a positive change of 
about the same magnitude in the shorter margin and a much smaller negative 
shift in the other margin. The other variables contribute little to this 
variation. 

The variation represented by the fifth axis is roughly the same as for the 

fourth, but with the difference that we have simultaneous positive variation in 
the asymmetry variable and that of the shorter scar margin accompanied by 

negative variation in the other margin. The contributions of the other variables 
are larger than before, the main effect deriving from the two width dimensions. 

The sixth axis represents mainly positive covariation between the two di
mensions rostral width and rostral breadth. It is interesting that these two 

dimensions contribute so little to the total variation. 
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The final principal component is for the most part concerned with shape 
variation in the alveolar scar. 

The transf armed variables 

In the present study an effective reduction in the number of variables from 
seven to three has been accomplished, as 96 % of the total variation is contained 
in the first three principal components. These three transformed variables are: 

y1 == 0.848x1 +0.l00x2 +0.103x:; +0.058x4 +0.476x5 +0.135x6 +0.lllx,, 
Y:.! == 0.l09x1 +0.014x2 -0.0llx:: +0.18lx.1 -0.508xr, +0.776xu +0.309x7, 

Y:: == -0.485x1 -0.065x2 -0.054xa +0.004x4 +0.714x5 +0.453xo +0.205x,. 

The transformed variables are uncorrelated. 
The results of the principal component analysis also suggest that the dimensions 

studied may be roughly partitioned into two groups, the one concerned with 
the size dimensions of the rostrum and the other with the variation in the 
asymmetry of the alveolar scar. 

Principal components of the correlation matrix 

The principal components of the correlation matrix of sample Boguchar 931-lb 
were computed. The first eigenvalue, i, 1 == 3.004046, accounts for only 42.91 % 

of the total variation. The second eigenvalue i,:.! == 2.030030, accounts for 29.00 % 
of the total variation. The third eigenvalue i,:{ == 1.201689, accounts for 17.17 % 
of the total variation. The three first principal components thus represent 89.08 % 

of the entire variation, the remaining 10.02 % being attached to the last four 
components. This is certainly quite different from the results found using a 
covariance matrix. The first three transformed variables are 

Y1 == 0.520x1 +0.506x:.! +0.388xa +0.208x4 +0.403x5 +0.298x0 +0.171x7, 
Y2 == 0.074x1 -0.252x2-0.527xa +0.056x4 +0.075x5-0.470xn +0.65lx7 , 

y3 == -0.l64x1 - 0.209x2 + 0.026x:: + 0.833x4 -0.079x5 + 0.332x6 -0.344x7. 

With respect to the first transformed variable it will be observed that the 
equation derived from the correlation matrix attributes greater importance to 
X2 and somewhat less importance to x1. The second and third variables differ 
even more extensively. 

QUADRIVARIATE PRINCIPAL COMPONENT ANALYSIS 

Eight quadrivariate covariance matrices were subjected to principal component 
analysis. It was found that the eigenvector patterns resulting could be ordered 
into two groups, the one comprising all Campanian samples plus one Sanconian, 
and the other comprising a Santonian sample, an Upper Coniacian sample 
and a sample made up of the pooled (within) covariance matrices of the 
entire study material. 



Sample 

( 1) Campanian

(4) Campanian

(6) Campanian

(8) Campanian

( 5) Santonian

Sample 

(3) Santonian

(7) Upper
Coniacian

Total pooled 
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Gr o up 

percentage 
eigenvalues of total 

i.1 = 0.073034
i.2 = 0.019525
i.a = 0.002263
A.4 = 0.000356

i.1 = 0.235389
22 = 0.009265
i.a = 0.002368
i,4 = 0.000152

i.1 = 0.165006 
i.2 = 0.006122
i.a = 0.002843
i,4 = 0.00013 7 

i,1 = 0.227928 
i.2 = 0.005493 
i,3 = 0.002330 
i.4 = 0.000398 

Al = 0.135426 
i.2 = 0.014514
i.3 = 0.003933
A.4 = 0.000454

variation 

76.74 
20.52 
2.39 
0.04 

95.23 
3.75 
0.96 
0.06 

94.77 
3.52 
1.63 
0.08 

96.52 
2.33 
0.99 
0.16 

87.75 
9.40 
2.55 
0.30 

eigenvectors 

b1 = ( 0.9320, 0.1048, 0.0908, 0.3348) 
b2 = (-0.3088, -0.1949, -0.0352, 0.9303) 
bs = (-0.1894, 0.8074, 0.5441, 0.1269) 
b4 = ( 0.0091, -0.5469, 0.8333, -0.0800) 

b1 = ( 0.9836, 0.1172, 0.1181, 0.0693) 
b2 = (-0.0814, 0.0521, 0.0433, 0.9944) 
ha= (-0.1599, 0.7603, 0.6244, -0.0801) 
b-1 = (-0.0166,-0.6367, 0.7709, -0.0015) 

b1 = ( 0.9750, 0.1354, 0.1383, 0.1093) 
b2 = (-0.0976, -0.0899, -0.0072, 0.9911) 
bs = (-0.1997, 0.7204, 0.6623, 0.0505) 
b4 = (-0.0045, -0.6743, 0.7363, -0.0063) 

b1 = ( 0.9703, 0.1888, 0.1435, 0.0478) 
b2 = ( 0.0047, -0.25 79, -0.0142, 0.9660) 
bs = (-0.2390, 0.6552, 0.6921, 0.1862) 
b4 = ( 0.0371, -0.6845, 0.7073, -0.1726) 

b1 = ( 0.9504, 0.1858, 0.1777, 0.1747) 
°h2 = (-0.1012,-0.1946, -0.1953, 0.9559) 
bs = (-0.2926, 0.7317, 0.5693, 0.2343) 
b4 = (-0.0284; -0.6262, 0.7786, 0.0286) 

Gro up 2 

eigenvalues 

Al = 0.282028 
).2 = 0.018494 
i.s = 0.009451 
,{4 = 0.000005 

i,1 = 0.413629 
i.2 = 0.141730 
A.3 = 0.017990 
i.4 = 0.002565 

i.1 = 0.183085 
A.2 = 0.019636 
2a = 0.011385 
i.-1 = 0.001934 

percentage 
of total 

variation 

90.98 
5.97 
3.05 
0.00 

71.82 
24.61 

3.12 
0.45 

84.75 
9.09 
5.26 
0.90 

eigenvectors 

b1 = ( 0.9611, 0.1306, 0.2070, 0.1281) 
b2 = (-0.2107, 0.8397, 0.4949, -0.0748) 
bs = (-0.0914, 0.2321, -0.2932, 0.9229) 
b4 = (-0.1535, -0.4732, 0.7914, 0.3553) 

b1 = ( 0.9671, 0.1733, 0.1792, 0.0503) 
b2 = (-0.1892, 0.0316, 0.9808, 0.0356) 
ba = (-0.0592, 0.0947,-0.0505, 0.9925) 
b4 = (-0.1592, 0.9798, -0.0585, -0.1060) 

b1 = ( 0.9694, 0.1666, 0.1518, 0.0974) 
b2 = (-0.1741, 0.1305, 0.9760, -0.0119) 
bs = (-0.0845, -0.0974, 0.0100, 0.9916) 
b4 = (-0.1512, 0.9725,-0.1560, 0.0843) 
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If we examine the principal components of the first group we find that the 

first principal component is one of size variation with most of the variation 

occurring in x1 (0.9320-0.9836) the contributions of any of the other three 

variables being only a fifth of this, except for x4 of sample (1). The second 

principal component is a shape factor with almost all variation being centered 

around x4, with small contributions of opposite sign from x1, x2, x3• The third 

principal component represents shape variation, positive large increases in x2 

and x3 of about the same magnitude being accompanied by a small negative 

increase in x1 and usually a small positive increase in x4. The fourth principal 

component is also a shape factor which again is concerned with x2 and x3, but 

this time a positive increase in one is accompanied by a roughly equally large 

negative increase in the other. In all cases the absolute value of x:1 is slightly 

greater than that of x2 • 

For the principal components of group 2 we have that the first principal 

component is mainly representative of variation in x1, as is so for group 1. The 

second principal component differs in being mainly concerned with variation 

in x3 and the third principal component differs in representing almost entirely 

variation in x3 • The fourth principal component is in two cases indicative of 

variation mainly in x2 and in one case of variation in x2 and x3• 

Summing up, it would seem that the geologically younger representatives of 

A. verus display one pattern of variation and the geologically older representatives

another. The two Santonian samples are not exactly typical of either of the

groups with which they have here been placed and may possibly be transitional.

The fact that the principal components of the pooled sample have the pattern

of those of the older representatives may possibly be suggestive of a tendency

to subspeciation in A. verus in Upper Santonian-Lower Campanian time. Morpho

logic differentiation is obscured by pooling and the Upper Coniacian type of

variation is simulated. These results support the subspecific delineation proposed
in the descriptive section.

It is instructive to examine some of the angles between eigenvectors with 
reference to agreement and diversity in size and shape. In the following table the 

angles between the pooled sample's (N = 221) eigenvectors corresponding to 

l1 , respectively, l2 and each of the samples are given. 
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The interesting point arising out of this is that the size vectors for all samples 

are more or less parallel, allowing for sampling and stochastic errors. However, 

the first shape vector shows a clear delineation into two groups, agreeing with 

the time groups already noted, in which one set of vectors lies nearly at right 

angles to the other set, with the Santonian samples tending to occupy an 

intermediate position. This implies that the younger group displays a different 

mode of shape variation from the older group. 

Using the two first principal components of the pooled belemnite sample as 

a base, 

z1 == 0.97x1 +0.17x2+0.15x3+0.l0x4 

z2 ==-0.17x1 +0.13x2 +0.98x:� -0.0lx4 

z1 and z2 were computed for each sample and plotted as shown in fig. 14. 

There is an obvious clustering of the Santonian samples to the right and of the 

Campanian samples to the left, with sample 1 occupying a somewhat anomalous 

position. It is interesting that sample 7 of Coniacian age falls together with the 

Campanian group. 

0.10 

7• ,. 

o.oo

2.90 3.00 3.10 3.20 3.30 3.40 3.50 3.60 

Fig. 14. "Group constellations" for belemnite occurrences with principal components 
as axes (pooled belemnite sample as base). 
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DIFFERENCES IN MEAN VECTORS 

The mean vectors were f irsc tested for difference by a single-classif icacion 
analysis of dispersion. On the basis of the univariate analysis of variance studies 
it was expected chat the result might be significant, but it was not certain, owing 
to the preponderance of samples from the Lower Campanian. The analysis was 
based on samples 1-6. For details concerning the mode of computation the 
reader is referred to RAO ( 1952). The value obtained of V == 172.46 is highly 
significant as x2 with 24 degrees of freedom and therefore the mean vectors 
are statistically unlike. le is of interest co ascertain the importance of the 
contribution of x2 and X;; co the statistical difference. This was done by the 
internal analysis of the set. The method of calculation employed is shown in 
the following: 

Consider the 4 X 4 matrix 

partitioned as shown into 4 submatrices W 11, W 12, W 2 1, and W 2 2. The 
following calculations are then made: 

1. Wi�-

2. W21 W1�.

3. W21 W1 f W12• 

4. W22 -W21 W1� W12 == W(2[2).

This given the "within sum of products" matrix for x3 and x4, as the situation 
is in the present case, after extracting for x1 and x2• Similarly for S one obtains 

From these matrices one calculates the statistic 

A== 
[W(2j2) [ 
IS(2j2)1 

From this V is readily found. 
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The result found of V == 165.29 is highly significant as x2 with ten degrees 

of freedom. This means that x2 and xa could be used in conjunction to disting

uish between populations without the addition of x1 and x4, which is a result 

of practical importance. 

The individual vector differences between samples were tested by the 72-test. 

All differences were found to be highly significant except the differences 

between samples (3) and (5) and samples (4) and (6), for which no significant 

difference could be demonstrated. The investigation treated the four Campanian 

and two Santonian homogeneous samples. 

Summarizing remarks 

The results of the 72 investigation indicate a generally high degree of unlikeness 

between samples, even between the Campanian occurrences. The unlikeness 

between Campanian samples may be a reflection of sorting effects with resultant 

bias in the study material, whereas the unlikeness between the Santonian and 

Campanian samples would seem to be due to the trend in size in the dimensions, 

already noted in the foregoing. 

GENERALIZED DISTANCE STUDY 

The MAHALANOBIS' generalized distances between samples were computed as 

part of the work in obtaining 72
. For the method of calculation the reader is 

referred to RAO ( 1952). The results obtained for the 6 samples with non

heterogeneous covariance matrices are shown in the following array of values. 

Sample 1 2 3 4 5 6 

1 0 1.21 6.59 0.95 1.95 1.86 

2 0 5.85 0.81 0.84 0.78 

3 0 1.10 0.71 1.02 

4 0 1.61 0.54 

5 0 1.73 

6 0 

The D-values are based on the four dimensions x1, x2, xa , x4; they were used 

in making a topologic lattice model. A drawing of this model is shown in Fig. 15. 

Each ball in the model represents one of the six localities. A tendency 

towards clustering is shown only by localities 2, 4, and 6. We return to this 

topic further on in the present section. 
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Fig. 1S. Three-dimensional model of 15 quadrivariate generalized distances for 

Actinocamax verus s. l. 

(1 = Lower Carnpanian of Djurun; 2 = Lower Campanian of Boguchar; 3 = Santo

nian of Ulianovsk; 4 = Lower Campanian of Boguchar; S = Santonian of Lgov; 6 = Lower 

Campanian of the River Don near Kazanskaia.) 

The method of inverting the 4 X 4 symmetric matrices found most convenient 
is outlined below; it is that of. inversion by partitioned matrices. 

Consider the 4-variate covariance matrix t partitioned as shown. 

1. The first stage is to invert � 11. 

2. l.; 1 I �12 and t
21 

�iJ. A check is provided by the fact that the one matrix
is the transpose of the other.
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3. <t21 tiD t1�·
4. (t22 -- I:21 til t12).
5. Calculate the inverse of 4. This is the lower right hand partitioned matrix

of i- 1 and it will be denoted by C22 . 

6. C21 ==-C22 t21 ��t-

7. C12 ==- ta �12C22.

8. C11 == l:11 - tit t12C21•
9. The required inverse is

For 4 X 4 symmetric matrices this method of inversion seems to be quick 
and is also partly self-checking; C21 checks against C12 and C11 must be 
symmetric. (See FADDEEVA, 1959, p. 102.) 

Unfortunately, the method leads to some inaccuracy owing co the large number 
of multiplications and divisions. A comparison between D-values derived from 
this method and electronically is shown below. 

Electronically 
computed value 1.21 6.59 0.95 1.95 1.86 5.85 0.81 0.84 0.78 1.10 0.71 1.02 1.61 0.54 1.73 
of D 

Desk calculator

I value of D 
1.89 4.23 2.01 1.08 1.60 5.87 1.10 1.66 0.78 1.74 0.89 1.03 1.61 0.56 1.73

The effect of additional variables on the generalized distance 

It is of interest to ascertain whether the statistical distance between popula
tions would be increased by the inclusion of additional variables. The septivariate 
generalized distance between samples 2 and 4 was therefore found. The matrix 
inversion was performed by means of program Q 3 on the BESK computer. 

The pooled covariance matrix between samples 2 and 4 is as follows 
(N1 + N2 -2 = 100): 
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0.166787 0.073741 0.024470 0.016686 0.020903 0.012278 0.020417 

0.073741 0.073597 0.010877 0.010829 0.009177 0.003513 0.010326 

0.024470 0.010877 0.004923 0.004447 0.002595 0.001126 0.003323 
Sw == 0.016686 0.010829 0.004447 0.004500 0.001394 0.001439 -0.000923 

0.020903 0.009177 0.002595 0.001394 0.031700 0.018241 0.014313 

0.012278 0.003513 0.001126 0.001439 0.018241 0.009449 0.000596 

0.020417 0.010326 0.003323 -0.000923 0.014313 -0.000596 0.014809 

and 

9.63 -0.12 53.71 -97.79 -25.75 44.84 -14.31

-0.12 18.40 -97.22 57.84 9.85 -22.46 7.19 

53.71 -97.22 -769.70 899.92 159.90 -377.39 162.62
Sw- 1 == -97.79 57.84 899.92 -519.43 -94.18 251.72 -119.07

-25.75 9.85 159.90 -94.18 -24.00 73.97 40.24 

44.84 -22.46-377.39 251.72 73.97 -84.25 -63.63

-14.31 7.19 162.62 -119.07 40.24 -63.63 -9.65

The difference vector is 

2.924 

1.076 

0.532 
d == 0.510 

0.611 

0.204 

0.405 

A value of D 2 == 1.3018 was obtained, with D == 1.141. Hence, little is 

gained by extending the computations from 4 co 7 variates, the corresponding 

generalized distance for four variables being 0.81. 

BIVARIATE GENERALIZED DISTANCE STUDIES 

Two-dimensional generalized distance studies were made for the variate pairs 

x1, x2 and x2, x3• As indicated already in the chapter on homogeneity of 

covariance matrices the bivariate covariance matrices for the eight samples of 

the two variates x1 and x2 are all not equal. Despite this fact all eight samples 

are considered in the construction of a generalized distance model for these 

two variates. The position for the covariance matrices based on the two variates 

x2 and X;-; is that seven could not be shown co be heterogeneous with respect co

each other while that of sample 7 is decidedly divergent. It is excluded from 

the generalized distance study for the variate pair x� -x;1. The generalized 

distance model for x1 and x2 is shown in Fig. 16: 
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Fig. 16. Two dimensional generalized distance model for eight heterogeneous samples; 

1, Lower Campanian; 2, Lower Campanian; 3, Santonian; 4, Lower Campanian; 5, Santonian; 

G, Lower Campanian; 7, Upper Coniacian; 8, Lower Campanian. (Dimensions x1 and x2.) 

This model presents some interesting features that are not directly apparent 

from the four-dimensional model. We note the clusters formed by 3 and 5 and 

by 4, 6, and 8. Sample 2 lies near the Campanian 4-6-8 cluster and could 

be reckoned to it while 7 lies between the Santonian 3-5 cluster and the 

Campanian cluster. The Lower Campanian "ball" 1 occupies an isolated position. 

The generalized distance model for x2 and x3 is shown in Fig. 17. 

The dimensions x2 and x3 are the width and breadth of the belemnite rostrum 

and may be expected to vary less than the dimension of rostral length, x1; the 

section on univariate statistics confirms this supposition as does also the principal 

component analysis. Consequently, one might expect a somewhat different 

grouping of the samples on the basis· of these two dimensions. Fig. 17 differs 
from Fig. 16 in several interesting connexions. Firstly, there are two definite 

Lower Campanian clusters; 4 and 6 cluster closely and 1, 2, and 8 build a cluster. 

This latter grouping is surprising considering the isolated position of sample 

1 in Fig. 16 and in the four-dimensional study. Finally, we have the Santonian 

3-5 cluster, which is in this diagram less pronounced than in Fig. 16. Summing

up, we have a Campanian cluster at one extreme and a Santonian cluster at the

other, with a somewhat anomalous intermediate Campanian cluster. The two

extreme positions agree well with what is to be expected remembering that

we have established the possibility of a chronocline from early Senonian to late

Senonian time. The 4-6 cluster is not so easy to explain but we note that 4 and
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Fig. 17. Two dimensional generalized distance model for seven samples; 1, Lower 

Campanian; 2, Lower Campanian; 3, Santonian; 4, Lower Campanian; 5, Santonian; 6, 

Lower Campanian; 8, Lower Campanian. (Dimensions x2 and xa). 

6 are also intermediary in the model shown in Fig. 16, although in that connexion 

rather closely grouped with the two Carnpanian samples 2 and 8. 

Summarizing remarks 

It will readily be seen that the four-dimensional and two-dimensional topologic 

models of the D-values for Actinocamax verus s. l. are distorted. As is discussed by 

one of us elsewhere (REYMENT, 1962) this is partly due to the nature of the 

covariance matrices, which are to greater and lesser degrees "unequal", even 

although the significance level in that respect is not attained. A truly satisfactory 

D-model may only be expected whert- the respective covariance matrices are

truly equal. A second factor which may be considered partly to account for the

distortion of the quadrivariate model is the fact that it is a three-dimensional



BIOMETRIC STUDY OF ACTINOCAMAX 197 

representation of a four-dimensional problem. This, coupled with the state of 
affairs that x4 does not seem to be compatible with x1, x2 , and x:1, would seem 
to be contributory causes. The introduction of further variables into the calcula
tions could not be shown to improve matters. 

Speaking in terms of unlikeness the two most dissimilar quadrivariace samples 
are samples 2 and 3 (Santonian-Lower Campanian); thereafter we have samples 1 
and 3 (Santonian-Lower Campanian). The two closest samples are 4 and 6 (both 
Lower Campanian) and thereafter the two Santonian samples 3 and 5. The 
closeness of samples 4 and 6 is also shown by the bivariate model for variates 
x2 and x3 (Fig. 17), but this is less apparent in the other bivariate model (Fig. 16). 
On the other hand the Santonian samples are close in Fig. 16 but more divergent 
in Fig. 17. The tendency for values to cluster (RAO, 1949 b) is more prononnced 
in the bivariate models and is probably obscured in the quadrivariate model by 
distortion. 

Boch the generalized distance study as well as the T2-investigation and the 
analysis of dispersion study bring out the considerable heterogeneity in means 
between most combinations of samples, even between, for example, some Lower 
Campanian samples. It has already been demonstrated that the evolution of 
Actinocamax verus s.1. from Lower Coniacian to Lower Campanian time seems 
to have been accompanied by a general decrease in size dimensions. It is therefore 
not surprising to see large D-values between Santonian and Lower Campanian 
samples, but it is, on the surface, unexpected to find relatively large and significant 
D-values between Lower Campanian samples.

The two-dimensional topologic models indicate more clef inite clustering than
is done by the quadrivariate model. There is a strong tendency to form a 
Santonian cluster and two Lower Campanian clusters. 

The bivariate D-studies thus support the postulation of the existence of a 
multivariate chronocline with size diminution as a function of time. 

It now remains to review the agreement between the groupings indicated by 
the statistical work and those made on qualitative paleontologic grounds. In 
the chapter on the paleontologic characterization of the material it was pointed 
out that Actinocamax verus s. I. is in the Russian Platform region represented 
as an earlier taxonomic entity confined almost entirely to the Coniacian and 
Santonian, namely, the group of Actinocamax verus fragilis. A second group, 
that of Actinocamax verus laevigatus, replaces the fragilis group in the Lower 
Campanian. The biometric results would seem to agree well with these qualitative 
taxonomic conclusions, bearing in mind the tendency to form a Santonian cluster 
and the Lower Campanian clusters, the intermediary of which could possibly 
represent slightly older transitional Lower Campanian material. 



198 R. A. REYMENT AND D. P. NAIDIN DISCRIMINANT FUNCTION STUDY 1. Classifying Santonian and Campanian specimens. For the purpose of classifyinga specimen as either Santonian or Campanian in age, providing that it has reallycome from the Sanronian or Campanian, the discriminant function betweensamples 4 and 5 was computed. It isc54r; == --x1 -47.869x2 +69.548x:: + 18.024.x4 -4.362. Its efficiency in classifying an unknown specimen correctly was ascertained by substituting the original measurements in the discriminant function (Campanian < 12.937; Santonian > 12.937). The percentage of wrong classification was found to be about 20 for both Campanian and Santonian. The means of the other 7 samples were substituted in this equation co see how they would classify. Samples 1, 2, 4, 6, and 8 classified as Campanian correctly and samples 3 and 5 classified correctly as Santonian. Sample 9 from the Lower Coniacian classified with the Santonian group and sample 7 from the Upper Coniacian classified with the Campanian group. 2. Classification of a specimen into one of three populations. Using the information yielded by the construction of the generalized distance model threeof the samples were arbitrarily selected for the construction of discriminantfunctions suitable for permitting a division of the data into one of threepopulations. The chosen samples were 1, 2, and 5, of Campanian, Campanian andSantonian age respectively.The three samples have the following mean vectors 
Sample 5 (Santonian) =;,1 I Sample I (Campanian) = ,r2 I Sample 2 (Campanian) = :,3

x1 

x2 

X3 

X4 

3.457 

0.589 

0.581 

0.353 

3.160 

0.515 

0.479 

0.232 

The inverse of the sums of squares and products matrix is 
[-0.1507 A_ 1 

==

1.6422 -1.34010.2128 
1.6422 -6.04052.6008-1.6130

-1.34012.60082.70870.9666
0.2128 l -1.61300.96660.4712

2.799 

0.523 

0.479 

0.235 

This matrix is used instead of the covariance matrix for finding the required discriminant functions, these differing from those obtainable from the covariance matrix only by a constant factor N 1 + N 2 + N 3 - 3. 
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The discriminant function between samples from :i1 and ;r2: 

The difference vector x(l) -x( 2) == d(l) == (0.297, 0.074, Q.102, 0.121)'. The 
discriminant function coefficients l Cl)== A- 1 dll) == (-0.0342, 0.1108, 0.1877, 

0.0995 )'. The required discriminant functions are then 

�12 == -0.0342x1 +0.1108x2 +0.1877x:{ +0.0995x4 -0.0766 

L\21 == 0.0342x1 -0.1108x2 -0.1877x3-0.0995x4 +0.0776, 

where -J (x(l) +x(2)) == 0.0766. 

The discriminant function between samples from n1 and n3: 

The difference vector xC1)-xC3J == d(2) == (0.658, 0.066, 0.102, 0.118)'. The 
discriminant function coefficientsl (2) == A- 1 d( 2) == (-0.1024, 0.7568, -0.3198,
0.1878)'. The required discriminant functions are then 

813 == -0.1024x1 +0.7568x2-0.3198x3 +0.1878x4 +0.0138 

831 == 0.1024x1 -0.7568x2 +0.3198x3 -0.1878x4-0.0138, 

where ½ (xC1l+x(3)) ==-0.0138. 

The discriminant function between samples from ;r2 and ;r3 : 

The difference vector xC2 )-xC3) == dC3) == (0.361, -0.008, 0.000, -0.003)'. 
The discriminant function coefficients }.(3) == A- 1d( 3) == (-0.0682, 0.6460, 
-0.5075, 0.0883)'. The required discriminant functions are then

823 == -0.0682x1 +o.6460x2 -0.5075x3 +0.0883x4 +0.0904

�32 == 0.0682x1 -0.6460x2 +0.5075x3 -0.0883x4 -0.0904,

where ½ (xC2) +xC3)) == -0.0904. 

Since the a priori probabilities are taken to be equal the best regions of classi-
fication are. -

:t:1 : �12 � 0; i\13 ► 0 

n2 : �21 � 0 ; 12 3 � 0 

n3 : �:n ► 0 ; �a 2 ► 0. 

The results obtained will now be used to classify the remaining samples of 
Actinocamax into one of these three regions, which is possible, as long as any 
sample really does belong to one of these regions. 

Sample 

3 

age of sample 

Santonian 

L. Campanian

L. Campanian

L. Campanian

classification 

with n1 or :r3 - uncertain

with n3 
with na 
with n2 
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The probabilities of misclassification for the three groups were computed 

with the aid of Pare II of PEARSON's (1931) "Tables for statisticians and bio
mecricians" - tables for volumes of the normal bivariate surface. The probabilities 
for misclassification of an individual are all high. For individuals from :r1, :i2, 

and ::-r:: the probabilities of misclassification are respectively 0.51, 0.64, and 
0.49. 

EVALUATION OF THE RESULTS 

AND CONCLUSIONS 

The present work is concerned with the biometric study of 23 7 specimens 
of Actinocamax verus s. I. MILLER, derived from 9 samples of from Lower 

Coniacian to Lower Campanian age. (In the standard symbols of the Soviet 

scratigraphers Cn2, Cn1, Snt, Cmp1.) Several significant faces have emerged 

from the investigation. Perhaps the most striking of these is the occurrence of 
heterogeneity in the covariance matrices, and even where heterogeneity could not 
be demonstrated signif icancly in a set of multivariate samples, there is distortion. 
As indicated elsewhere by R. A. R. ( 1962) distortion in biologic covariance 

matrices may arise in several ways. The first is by virture of morphoevolutionary 

changes. For example, the covariance matrix t changes infinitesimally with 

. dt 
respect to time as dt.

dt 

dt 

dau da1,, 

dt dt 

do
,,1 da,,,, 

dt dt 

The distortion arises owing to che fact chat these displacements in the elements 

may be unequal owing co slight, cumulative, phylogenetic, allomecric growth 

changes (REYMENT, 1960 b, p. 7). This type of differential growth distortion 
is of fundamental biologic importance. 

In the present study it would seem that the biologic differences of the kind 
just mentioned are masked by a second factor. This factor is here interpreted 
as being due to secondary size sorting in the material; it is known that be
lemnite roscra may be somewhat susceptible to the effects of water transport 
(e.g., see HECKER, 1957, pl. 2, fig. 3). Heterogeneity occasioned by sampling 
from biassed material of the type here under discussion may tend to be more 

extreme than biologic heterogeneity. In the present study it would therefore seem 

that there is a definite decrease in the magnitudes of x1, x2, and x3 from Lower 

Coniacian time to Lower Campanian time; the existence of a multivariate 

chronocline would seem to be indicated, but this is disturbed and partly obscured 
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by postmortal sorting. In addition hereto we have also the influence of environ
ment effects (cf. RAO, 1960, p. 329). Consequently, every measurement, x;, will 

in reality consist of three factors, namely one, a;, representing the inner, genetic 
variability of the organism (== that which leads to evolutionary changes), a 
random variable, d;, due to the influence of environment, and a random variable, 
t;, due to postmortal sedimentary processes. 

x; == a;+b;+e1• 

In the present case oft;> O;. The magnitude of e1 will w.ry considerable from 
problem to problem and sample to sample and may even be zero. Its importance 
may to a certain extent be ad judged from a sedimentologic analysis of the data. 
The effect of O; will vary from species to species, some being morphologically 
more sensitive to, say, temperature fluctuations than others. The effects of O; are 
at present being studied by R. A. R. for ostracods. One dimension, x4, would 
seem to be largely independent of t; in that forces operating successfully on 
x1, x:! , and X3 will not greatly influence X4 (and e14, e24, and (?:H do not 
generally differ significantly from zero; also evinced by the results of the principal 
component analysis). 

In the following table the coefficients of variation for x4 are given for each 

of samples 1-8. 

Sample 2 3 4 5 6 7 8 

Age Snt Snt 

V 66.90 39.44 38.37 49.75 37.59 44.60 58.38 45.63 

Comparison of these values with those for x1, x2, and x3 discloses that 
fluctuations in Vx are not accompanied by corresponding fluctuations in the 

coefficients of variation of the other three variables. Particularly striking is the 
large coefficient of variation for sample 1, which has low values for the 
coefficients of variation for x1, x2, and X::. It is here tentatively suggested 
that x4 is largely directly independent of t;. As indicated by Fig. 12 it may 
not be particularly associated with the morphoevolutionary changes in x1 , x2 , 

and x3 ; it is possible that it may be mainly influenced by O;, the environmental 
factor. For ease of reference a table of means of x4 with respect to age for 9 
samples is given below. 

Age Cn Snt 

0.200 0.230 0.282 0.353 0.232 0.235 0.204 0.198 0.158 
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The main computational work in the present investigation was concentrated 
to the variables x1 , x2 , x:1, and x4 • It should, however, be possible, as suggested 
by the results of the manova (p. 158) analysis, to obtain good results using x:.! 

and x:1 on their own. In other words, the breadth and width dimensions are 
sufficiently different in the populations. 

The tests for differences in mean vectors between samples (15 pairs) are 
informative and would appear to indicate chat almost all combinations show 
significant statistical unlikeness. It should here be brought to mind that belemnice 
roscra have largely fallen from the drift�ng carcases of dead animals, or have 
derived from stranded carcases (REYMENT, 1958). The transport factor E; therefore 
consists of cwo subfactors, one for the dispersion of the floating carcase (with 
enclosed rostrum) of short duration, and a second subfaccor, almost certainly 
iterated, for sorting and redeposition of the rostra. 

The paleontologic interpretation of the material permits the recognition of two 
groups on the subspecific level. Firstly, there is the group of Actinocamax verus 

fragilis ARKHANGELSKI, which is mainly confined co the Coniacian and Santonian, 
but with rare appearances in basal Lower Campanian. This group may be 
partitioned into A. 1/erus fragilis ARKHANGELSKI and A. v. verus MILLER by 
virture of differences in the shape of the rostrum and the nature of the alveolar 
scar. 

The second group is that of Actinocamax verus laevigatus ARKHANGELSKI, 

which is confined co the Lower Campanian. The two subspecif ic categories 
A. verus laevigatiformis subsp. nov. and A. verus pseudolaevigatus subsp. nov.
may be broken out of this group.

P E3IOM E 

HacTO.HII.J;a.H pa6oTa rrocB.HII.J;eHa 6110MeTpHqecK0My H3yqettmo 237

3K3eM11JI.Hp0B MeJIKJ1X aKTHH0KaMaKC0B. Bcero 6hIJIO H3yqeH0 9 o6-

pa3U;DB J13 KOHh.HKCKMX, caHTOHCKHX H HH:>KHeKaMrraHCKJ1X OT JI0-

:>KeHHH. B X0Ae H3yqeHJ1.H 6hIJIJ1 Bhl.HBJieHhl HHTepeCHhie cpaKThl. Be

p0.HTH0, HaJ160Jiee rropa3HTeJihHhIM Jil3 HHX .HBJI.HeTC.H cyII.J;eCTB0BaHHe 

reTeporeHH0CTJ1 B K0BapMaHTHhIX MaTpHQaX. ,Il;a:>Ke B Tex CJiyqa.Hx, 

K0TAa reTeporeHH0CTh He Bhl.HBJI.HeTCH 3aMeTH0, B PHAY MH0f0Ba

pHaHTHhlX o6pa3QOB Ha6JilOAaK>TCH JilCKa:>KeHJ1.H. 

KaK 6hIJio rroKa3aHo P.A. PE:tiMEHTOM (1962), 11cKa:>KeHHe 6110Jio

rwiecKJ1 KOBapHaHTHhIX MaTpMu; MO:>KeT B03HJ1KaTh pa3JIJ,fqffhlMJ1 

rryT.HMJ1. 

IIepBhlH rryTh 110.HBJieHMH JilCKa:>KeHHH B03M0:>KeH rrpM HaJIJ1qJilJ1 M0p

cp03BOJIK>QJ10HHhIX J13MeHeHHH. HarrpMMep, K0BapMaHTHa.H MaTpMQa � 
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J13MeH.HeTC.H 6ecKOHeqHo MaJio ITO OTHOilleHJ1lO KO BpeMeHJ1, KaK dt 

dt' 
TO eCTh 

da11 da1,1 

dt � dt 

dt 
dap1 dapp 

� 

McKa>KeHJ1e B03HJ1KaeT 6Jiaro,n;ap.H TOMY, qTQ CMern;eHJ1e 3JieMeHTOB 

M0>KeT 6bITh HepaBH0MepHhIM BCJie,ZJ;CTBJ1e CJia6hIX C0B0KYITHhIX (pJ1JIO

reHeTJ1qecKJ1X aJIJI0MeTp11qecKJ1X J13MeHeHJ1M pocTa (P.A. PEY.lMEHT, 

1960 b, cTp. 7). Ilo,n;o6HhIM TJ1IT ,n;11cpcpepeHQJ1poBaHHoro 11cKa>KeHJ1H 

ITPJ1 pocTe J1MeeT cpyH,n;aMeHTaJihHoe 6J10JiorJ1qecKoe 3HaqeH11e. 

B HaCTOHrn;eii pa6oTe IT0Ka3aHo, qTQ 6110JIOfJ1qecKJ1e pa3JIJ1qJ1H 

yITOM.HHYT0ro nrna MacK11py10Tc.H ,n;pyrMM cpaKTopoM. 3TJ1M cpaKTopoM, 

KaK MO>KH0 ITpe,n;ITOJiaraTh, .HBJIHeTC.H BT0pJ1qHa.H copTMpOBKa MaTe

pMaJia ITO BeJIJ1qJ1He 3K3eMITJIHp0B. XopOllIO J13BeCTHO, qTo pocTphI 
6eJieMHJ1TOB MoryT ITepeH0CMThCH Bo,n;oi1 (P. et>. rEKKEP, 1957,Ta6JI. 2, 

cpMr. 3). feTeporeHHOCTh, o6ycJIOBJieHHaH B03,n;ei1CTBJ1eM ITO,ZJ;06Horo 

cpaKTOpa, MO>KeT OKa3aThCH 6oJiee 3HaqJ1TeJihHOJ1 ITO cpaBHeHJ1lO C 6110-

JIOrJ1qecKOJ1. IlpJ1 ITpOBe,n;eHJ1J1 HaCTOHrn;ero J1CCJie,n;oBaHJ1.H 6hIJIO o6Ha

py>KeHO OITpe,n;eJieHHOe yMeHbI1IeHJ1e 3HaqeHJ1M X1, X2 J1 Xa l) OT KOHh.HKa 

K HJ1>KHeMy KaMITaHy; BhlHBJIHeTC.H cyrn;ecTBOBaHJ1e MY JihTJ1Bap11aHTHOJ1 

xpOHOKJIJ1HhI, HO HapyllleHHOJ1 J1 qacTJ1qHo 3aMaCKJ1pOBaHHOJ1 B03-

,n;ei1CTBJ1eM ITOCMepTHOJ1 copTJ1pOBKJ1. B ,ZJ;OITOJIHeHJ1e K 3TOMY OTMe

qaeTCH BJIJ1HHJ1e cpep;hI (C. P. PAO, 1960, cTp. 329). TaKJ1M o6pa30M 

Ka>K,n;oe J13MepeHJ1e X; B ,n;ei1CTBJ1TeJihHOCTJ1 OTpa>KaeT B03p;ei1cTBJ1e 

Tpex cpaKTOpOB, a J1MeHHO: a; - BHyTpeHHei1, ITp11cyrn;ei1 opraHJ13MY 

J13MeHqJ1BOCTJ1, Be,n;yrn;ei1 K 3BOJIIOQJ10HHOMY J13MeHeHJ1lO; 15; - CJiy

qaJ1HOJ1 J13MeHqJ1BOCTJ1, o6ycJIOBJieHHOJ1 BJIJ1.HHJ1eM cpe,ZJ;hl J1 f; - cJiy
qai1HOJ1 J13MeHqJ1BOCTJ1, B03HJ1Ka10rn;ei1 B ITPOQeCce ITOCMepTHOJ1 copTJ1-

pOBKJ1. 

CJie,n;oBaTeJihHO, xi == ai + 15i + Ei-

B CJiyqae OITJ1ChIBaeMhIX MeJIKJ1X aKTJ1HOKaMaKCOB f; > 15;. BeJIJ1q11Ha 

f; MO>KeT CJ1JihHO J13MeHHThC.H OT o6pa3Qa K o6pa3QY J1 MO::>KeT 6hITh 

,n;a>Ke paBHa HYJIIO. Ee 3HaqeH11e Mo>KeT 6hITh B oITpe,n;eJieHHOM 

CTeITeHJ1 OQeHeHO ITPJ1 ce,n;J1MeHTaQJ1OHHOM aHaJIJ13e. Bo3,n;ei1cTBJ1e /ji 

MO::>KeT J13MeHHThCH OT o6pa3Qa K o6pa3Qy. HaITpJ1Mep, TeMITepa-

1) X1 - ,ZJ;JIJ1Ha; X2 - CITJ1HHo-6pIOI1IHOJ1 ,ZJ;J1aMeTp pocTpa B MeCTe 
ero B3,ZJ;YTJ1H; X;� - 60KOBOJ1 ,ZJ;J1aMeTp pocTpa B TOM >Ke MeCTe; X4 -
BeJIJ1qJ1Ha aJihBeOJI.HpHoro J13JIOMa (CM. cp11r. 3). 
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TYPHhie KOJie6aHJ1.H Ha 0,IJ;HHX o6pa3Qax rrp0.HBJI.HIOTC.H 6oJiee T0HK0, 

qeM Ha ,n;pyrHx. Bo3,n;ei1:cTBJ1e bi y ocTpaKo,n; B HacT0.HI.I..J;ee BpeM.H 

J13yqaeTC.H P. A. PEY.lMEHTOM. 

Haurn: Ji13MepeHH.H IT0Ka3aJIH, qTQ BeJIJi1qJ1Ha X4 B 3HaqJ1TeJihHOM 

Mepe He 3aBHCHT OT ei, B TO BpeM.H KaK Ha X1, X2 Ji1 X3, ei 0Ka3hIBaeT 

3Haq11TeJihH0e B03,D;eMCTBHe (e14, l)24 Ji1 l)34 B 061.I..J;eM cyI.I..J;eCTBeHH0 

He OTJIHqaIOTC.H OT HYJI.H; 3TO :me rrpO.HBJI.HeTC.H Ji1 B pe3yJI1>TaTax oc

HOBHOro KOMITOHeHTHOrO aHaJIH3a). 

B rrpHBO,IJ;HMOM HH:>Ke Ta6JIHQe IT0MeI.I..J;eHhl K09q>q>I1QHeHTbl Ji13MeH

qJi1B0CTJi1 x4 ,n;JI.H o6pa3QOB N�N� 1-8: 

N�N� o6-
pa3QOB 7 

3
1 

5
1 

8 6 2 4 I 

_B_o_3_p_a_c_T_'----_Cn2 - Sot � - Cmp1 Cmp1 Cmp1 Cmp1 Cmp1 

V 58.38 38.371 37.59 45.63 44.60 39.44 49.75 66.90 
CpaBHeHHe 9THX 3HaqeHHM co 3HaqeHH.HMJi1 X1, X2 Ji1 X3 ITOKa3hIBaeT, 

qTQ KOJie6aHH.H V x He corrp0B0:>K,IJ;alOTC.H C00TBeTCTBYIOI.I..J;HMH K0Jie-
4 

6aHH.HMJi1 K09q>q>HQJ1eHTOB Ji13MeHqJi1B0CTJi1 Tpex ,n;pyr11x rrepeMeHHhlx: 

Oco6eHHO y,n;HBHTeJihH0 HO TO, qTQ o6p. N° 1, KOTOpbIM o6Jia;n;aeT He-

60JibllIHMH K09q>q>HQHeHTaMH Ji13MeHqJi1B0CTJi1 ,D;JI.H X1, X2 Ji1 X3, xapaK

Tep113yeTC.H BblCOKHM 3HaqeHJ,feM K09q>q>HQHeHTa X4. Ilo9TOMY rrpe,n;Ba

p11TeJibH0 rrpe,n;cTaBJI.HeTC.H B03M0:>KHblM rrpe,n;rr0JI0:>KHTb, qTo X4 B 3Ha -

qJi1TeJibH0 CTerreHH rrp.HM0 He 3aBHCHT OT Ei- KaK IT0Ka3bIBaeT ct>11r. 12, 

BeJI11q11Ha X4, B qacTHOCTM, He CB.H3aHa C MOpq>09BOJIIOQHOHHblMJ1 113-

MeHeHH.HMH X1, X2 J1 x3; B03MO:>KHO, qTQ rJiaBHOe B03p;ei1:CTBJ1e OKa-

3bIBaeT cpaKTop 0Kpy:ma10I.I..J;ei1: cpe,n;hI bi-

3HaqeH11e X4 ,D;JI.H ,n;eB.HTM o6pa3QOB rrpHBe,n;eHhl B CJie,n;y10ei1: Ta6-

JIJ1Qe: 

Bo3pacT I Ca · Snt Cmp1 

"• I 0.200 0.230 0.282 0.
3

53 
1
0-232 0.235 0.204 0.198 0.15

8 

OcHOBHa.H Bb1q11cJIJ1TeJihHa.H pa6oTa B HaCT0.HI.I..J;eM HCCJie,n;oBaHHH 
6hIJia CK0HQeHTpHpoBaHa Ha rrepeMeHHblX X1, X2, X3 Ji1 X4. O,n;HaKO. 

B03M0:>KH0, KaK 06 9T0M CBH,D;eTeJibCTBYIOT ,n;aHHhie MH0f0BapaHHTH0ro 

aHaJIH3a Ji13MeHeHJ1.H, rro11yqJ1Tb xopOIIIHe pe3yJihTaThl, MCI10b3Y.H 

JIHIIIb X2 J1 X3. l1HblMJ1 CJI0BaMH, CI1HHH0-6pIOIIIHOM J1 60KOBOM ,D;Ha

MeTpbI .HBJI.HIOTC.H B rrorryJI.HQH.HX ,D;0CTaT0qHQ pa3JIJ1qHI,IMJ1. 

J1ccJie,n;oBaHHe pa3JIJi1qJ1M cpe,n;HHX BeKT0p0B o6pa3QOB (15 nap) 
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IIOKa3hIBaeT, 'tJTO IIO'tJTl1 BCe KOM611Ha1zyrn rrpO.HBJI.HlOT 3Ha'tfl1TeJihHOe 
CTaT11CTl1'tfeCKOe HeCXO,D;CTBO. 

B 3TOH CB.H311 CJie,n;yeT 11MeTb B Bl1,D;Y, 'tJTO pocTpbI 6eJieMHl1TOB 
60JibIIIeH qaCThlO BhIIIa,n;aJil1 113 IIJiaBal0�11X OCTaHKOB MepTBhIX :,1{11-
BOTHhIX 11Jil1 )Ke BhIBaJI11BaJil1Ch 113 IIOCJie,D;Hl1X B rrp116pe:,KHOH 30He 
(P. A. PEv.1:MEHT, 1958). <l>aKTop rrepeHoca e;, cJie,n;oBaTeJihHo, 06Le
,n;11H.HeT ,D;Be IIPl1'tfl1HhI: BO-rrepBhIX, pacce11BaH11e IIJiaBal0�11X OCTaHKOB 
3aKJIIO'tfal0�11X pocTpbI B Te'tfeH11e Herrpo,n;OJI)Kl1TeJihHOro BpeMeHl1 11, 
BO-BTOpbIX, copT11pOBKY 11 rrepeOTJIO:,KeH11e pocTpOB, KOTOphie MoryT 
IIOBTOp.HThC.H HeO,D;HOKpaTHO. 

HecoMHeHHo, rrpoQecchI rrocMepTHoro pa3pyIIIemrn pocTpa 11Hor,n;a 
cy�eCTBeHHhIM o6pa30M CKa3hIBaJil1Ch Ha ero BHeIIIHeH cpopMe. O,n;
HaKo Bee )Ke MaCCOBhIH MaTep11aJI IIO3BOJI.HeT C ,n;ocTaTO'tJHOH CTerreHhlO 
Y13epeHHOCTH roBOp11Th O BO3MO)KHOCTl1 pa3,n;eJieH11.H no p.H,n;y ycTOH
'lfflBhIX rrp113HaKOB MeJIKHX aKTl1HOKaMaKCOB PyccKOH IIJiaTcpOpMbl Ha 
,n;Be rpyrrrrhI: r p y rr rr y  A ct in o cam a x  v e r u s  fr a g i l i s  (B OCHOB

HOM KOHh.HK-CaHTOH, pe:,Ke Hl1)KH.H.H qacTb Hl1:,K:Hero KaMIIaHa), coc
TO.H�YIO H3 pa3H006pa3HhIX no cpopMe pocTpa 11 xapaKTepy CTpoeHH.H 
aJihBeOJI.HpHoro 113JIOMa A. verus f-ragilis ARKHANGELSKI 11 A. verus verus 

MILLER 11 r p y rr rr y A c t in o cam a x v e, u s  l a  e v i g a t  u s, B cocTaB 
KOTopo:t:i BXO,D;.HT A. verus laevigatus ARKHANGELSKI, A. verus laevigatiformis 

subsp. n., A. ve-rus pseudolaevigatus subsp. n. 

IIepeq11cJieHHhie cpopMbl .HBJI.HIOTC.H reorpacp11qecKl1Ml1 H CTpaT11rpa
cp11qecKJ1Ml1 cocTaBJI.Hl0�11Ml1 B11,n;a Actinocamax verus MILLER s. l. 
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