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Ukolem teto prace bylo zjisteni, do jake miry by biometricka studia obrysovjch 
kfivek mlzu, ktere J. Bar rand e (1881) radii k rodu Mytilus, mohla byt voditkem 
pri rozliseni jednotlivych Barrandem stanovenych druhu. Prace sama prokazala, ze 
toto allochronni i allopatricke spolecenstvo nelze vzajemne rozlisit na zaklade 
biometrickych studii obrysovych kfivek, protoze tyto kfivky jsou si tak blizke, ze 
nevykazuji odlisnost, ktera by mela statisticky vyznam. z tohoto duvodu druhove 
rozliseni vyse zminenych forem by mohlo podle naseho nazoru byt zalozeho pou­
ze na vnitrni charakteristice (zamkovy aparat, svalove vtisky atd.), ktera vsak 
u zadneho z Barrandovych jedincu neni patrna. Dale neni vylouceno, ze vetSina 
mytiloidnfch rodu ma stavbu obrysove kfivky V zakladnfch rysech tak blizkou, ze 
nebude mozno tohoto znaku vyuzit k druhovemu rozlisovani pomoci biometricke 
analyzy tarn, kde vnitrni systematicke znaky nejsou znamy nebo studovatelne. 

In the course of a systematical revision of the pelecypods of Barrande's collection, 
which we have carried out for several years, we have received the task of studying 
the forms which J. Barrande (1881) designated by the cumulative name Mytilus 
(non Mytilus Linne, 1758). Besides Barrande's material a number of specimens 
coming from recent collections, especially from those of J. K r i z, were also included 
into the study. However, none of the studied specimens showed any traces of the 
hinge apparatus, muscle scars or pallial line. The surface sculpture, as far as it is 
preserved in individual cases, shows various character due to the fossilization of 
different layers of the valve matter. The present study was worked up in order to 
find out how much the external habitus, expressed primarily by the outline of the 
valve, can be significant in the specific differenciation. The reconstructed and ten 
ti:in:es enlarged outlines were used as a basis, ninety-two of them being taken from 
Barrande's original material, the rest from recent collections. It should be noted 
that all this material was treated as a whole, although the individual specimens of 
this assemblage came from different stratigraphicallevels. In this way we tried to 
get already at the beginning of our analysis a knowledge of whether the specimens of 
one stratigraphical level will constit:ute assemblages significantly different from 
those of another stratigraphical position. - . . · · . 

On the reconstructed outlines the ha~ic parameters, which in our opinion fully 
express the character of the valve, wer~ determined (see fig. 1). The individual 
parameters (characters) were denoted as follows: 

00 = OD = OB = a, AE = b, m + m' = c, AD = d, BO = e AO = m, AB = m' 
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l---:-~-a----'-\ __ b -~'----c--'-1-d _ _,\ __ e __,_[_u_~ __ c.j_m_'------'l_<_at_·-a-~)_2 __,l_<_b~_· .b_) _
2 
___ .:__l __ <_ci_-;;-_): -----'l_<_d_i--d)_2_c-l_<_e_i-_;)~ _ --'--! _ <_a_1_· .a_. )-7--~ -(-b1_·_b_) ___ ;-l __ <_,.1_·-c_)_l'----( d_i-_d_) ------'~--( e_i-_e) _ _,_l_<_ai_-a_~)_(_bi_-b_)_,_l_<_a~_· -a_->_<_c~_·--~_)-71_<a_i_-a_)_(d_i_-d_)---+l_<_a1_·.a_-)_(_e~_· ._e) I (bi-b) ( Ci-C) ,I (Gi-b) (di-d) ~-~~--~.c) (di-d) 

1 13 38 84 54 1 35 i 40 I 44 357,2 404,0 I 2265,7 1568,2 951,1 - 18,9 I - 20,1 • 47,6 - 39,61 • 30,8 379,9 I 899,6 748,4 582,1 I 956,76 795,96 I 1884,96 
2 21 42 98 65 5o 5o 48 118,8 259,2 1129,6 818,0 250,9 - 10,9 - 16,1 • 33,6 • 28,6 I . 15,8 175,5 

1

- 366,2 3135,8 172,2 540,96 ,t60,46 960,96 
3 35 54 128 87l 69 65 1 63 9,6 16,8

1 

13,0 43,6 10,0 . 3,1 • 4,1 • 3,6 _ 6,6 3,2 - 12,7 . 11,2 20,5 9,9 14,76 27,06 23,76 
4 36 68 152 ll8 67 77 75 16,8 98,0 415,7 595,4 1,3 4,1 9,9 20,4 24,4 1,2 40,6 83,6 100,0 4,9 !ll0,96 24L,56 497,76 
5 53 91 211 170 . 109 98 113 445,2 1082,4 6302,8 5837,0 1862,8 21,1 32,9 79,4 76,4 <t3,2 694,2 1675,3 1612,0 911,5 2612,26 ~513,56 6066,16 
6 75 112 266 190 ,. 148 134 132 1857,6 2905,2 18060,7 9293,0 6750,3 4-3,1 53,9 I 134,4 96,4 82,2 2323,1 5792,6 4154,8 3542,8 7244,16 5195,96 12956,16 
7 41 60 143 llO 79 71 72 82,8 3,6 129,7 269,0 186,3 i 9,1 1,9 I 11,4 16,4 13,2 17,3 103,7 148,2 120,L 21,66 31,16 186,96 
8 54 86 200 158 , 103 102 98 488,4 778,4 

1

· 4745,6 4147,4 1418,0 22,1 27,9 I 68,4 64,4 37,2 616,6 1511,6 .. 1423,2 s22,1 1908,36 1796,76 4404,96 
9 54 85 194 143 107 103 91 488,4 723,6 3892,5 2440,4 1694,1 22,1 26,9 62,4 49,4 41,2 594,5 1379,0 1091,7 910,5 1678,56 1328,86 3082,56 

10 48 77 179 134 93 89 90 259,2 357,2 2245,8 1632,2 737,7 16,1 1 18,9 47,4 40,4 27,2 304,3 763,1 650,4 •t37,9 895,86 763,56 1914,':16 
ll 62 91 219 I 170 120 108 Ill 906,0 1082,4 7637,0 5837,0 2933,3 4-0,1 I 32,9 87,4 76,4 54,21 1319,3 3504,7 3063,6 2173,4 2875,46 2513,56 6677,36 
12 42 73 167 1 ll3 83 84 18032 102,0 222,0 1252,4 376,4 294,5 10,1 14,9 35,4 19,4 17,2 150,5 357,5 195,9 173,7 2556217,,4666 289,06 686,76 
13 43 93 205 131 85 103 123,2 1218,0 5386,1 1398,8 367,1 11,1 34,9 73,4 37,4 19,2 387,4 814,7 415,1 213,1 1305,26 2745,16 
14 13 39 84 54 1 35 40 44 357,2 383,9 2266,7 1568,2 948,6 - 18,9 • 19,1 • 47,6 - 39,6 - 30,8 361,0 899,6 748,4 582,1 909,16 756,36 1884,96 
15 31 71 156 118 68 75 81 1,0 166,4 594,9 595,4 4,8 - 0,9 12,9 24,4 24,4 2,2 - 11,6 - 22,0 - 22,0 . 2,0 314,76 314,76 595,36 
16 26 39 91 65 50 45 46 34,8 364,8 I 1649,2 818,0 249,6 1 - 5,9 - 19,1 - 40,6 - 28,6 - 15,8 112,7 239,5 168,7 93,2 775,46 5·16,26 1161,16 
17 21 58 124 80 I 50 58 66 113,8 0,0 57,9 185,0 249,6 · - 10,9 - 0,1 - 7,6 - 13,6 • 15,8 1,1 82,8 148,2 172,2 0,76 1,36 103,36 
18 50 68 167 117 lOO 86 81 327,6 98,0 1252,4 547,6 1169,6 18,1 9,9 35,4 23,4 34,2 179,2 640,7 423,5 619,0 .350,46 231,66 828,36 
19 35 53 127 85 69 64 63 9,6 26,0 21,2 74,0 10,2 3,1 - 5,1 - 4,6 - 8,6 3,2 - 15,8 • 14,3 - 26,7 9,9 23,46 43,86 39,56 
20 34 72 156 107 65 74 82 4,4 193,2 5•:1,9,9 179,6 0,6 2,1 13,9 24,4- 13,4 • 0,8 29,2 51,2 28 1 - 1,7 339,16 186,26 326,96 
21 1s 39 85 54· 35 44 1.1 193,2 383,9 2219,1 1568,2 951,1 - 13,9 - 19,1 - 47,6 - 39,6 • 3o,s 265,5 661,6 s5o:I 428,1 909,16 756,36 1884,96 
22 31 49 113 84 59 56 57 1,0 91,9 346,3 92,2 46,2 • 0,9 • 9,1 • 18,6 - 9,6 - 6,8 8,2 16,7 8,6 6,1 169,26 87,36 178,56 
23 36 64 135 102 71 62 73 16,8 34,8 11,5 70,6 27,0 4,1 5,9 3,4 8,4 5,2 24,2 13,9 34,4 21,3 20,06 49,56 28,56 
24 29 47 109 74 57 55 54 8,4 123,2 5ll,2 384,2 77,4 • 2,9 - 11,1 • 22,6 • 19,6 - 8,8 32,2 6~,5 56,9 24,6 250,86 217,56 442,96 
25 43 70 158 112 85 73 85 123,2 141,6 696,4 338,6 367,1 12,1 11,9 26,4 18,4 19,2 144,0 319,4 222,4 232,3 314,16 218,96 485,76 
26 24 37 89 63 50 45 44 62,4 445,2 1815,6 936,4 249,6 - 7,9 • 21,1 - 42,6 - 30,6 - 15,8 166,7 336,5 241,7 124,8 898,86 645,66 1303,56 
27 26 41 91 70 50 44 ·17 34,8 292,4 1649,1 557,0 249,6 - 5,9 • 17,1 - 40,6 - 23,6 - 15,8 100,9 239,5 139,2 93,2 694,26 403,56 958,16 
28 11 29 65 4.5 32 31 34 436,8 846,8 4436,9 2362,0 1142,4 - 20,9 • 29,1 • 66,6 - 48,6 - 33,8 508,2 1391,9 1015,7 706,4 1938,06 1414,26 3236,7(i 
29 14 25 57 41 27 2s 29 320,4 1095,6 I 5566,6 2766,8 1505,4 • 17,9 • 33,1 1 - 74,6 • 52,6 • 3s,s 592,5 1335,3 941,5 694,5 2469,26 1741,06 3923,96 
30 24 44 97 71 47 44 53 62,4 198,8 1197,8 510,8 353,4 • 7,9 - 14,1 - 34,6 • 22,6 • 18,8 111,4 287,6 178,5 148,5 4,87,86 318,66 781,96 
31 24 40 91 66 47 49 Lj;2 62,4 327,6 1649,1 761,8 353,4 • 7,9 . • 18,1 " 40,6 • 27,6 • 18,8 143,0 320,7 218,0 148,5 734,86 517,66 1120,56 
32 25 50 109 77 48 63 46 47,4 65,6 511,2 I 275,6 316:8 - 6,9 - 8,1 • 22,6 • 16,6 • 17,8 55,9 155,9 I 114,5 12.2,8 183,06 134;46 375,16 
33 17 28 65 45 33 34 31 222,0 906,0 4436,9 2362,0 1075,8 - 14,9 - 30,1 • 66,6 - 48,6 - 32,8 448,5 992,g 724,1 488,7 2004,66 1462,86 3236,76 
34 40 65 150 106 79 77 73 65,6 47,6 338,2 153,8 174,2 8,1 6,9 18,4 12,4 13,2 55,9 149,0 100,7 106,9 126,96 85,56 228,16 
35 35 54 124 94 65 64 60 9,6 16,8 57,9 0,2 0,8 3,1 - 4,1 - 7,6 0,4 • 0,8 - 12,7 - 23,6 1,2 • 2,5 31,16 - 1,64 - 3,00 
36 15 29 66 ,g 31 34 32 285,6 846,8 4304,7 2460,2 1211,0 - 16,9 - 29,1 • 65,6 • 49,6 - 34,8 491,8 1108,6 838,2 588,1 1908,96 1<143,36 3253,76 
37 42 88 182 125 83 100 82 102,0 894,0 2539,1 986,0 294,5 10,9 !!9,9 50,4 31,4 17,2 302,0 509,0 317,2 173,7 1506,96 938,86 1582,56 
38 30 63 139 98 58 71 68 3,6 24,0 54,6 19,4 60,8 - 1,9 4,9 7,4 4,4 - 7,8 - 9,3 • 14,1 - 8,4 14,8 36,26 21,56 32,56 
39 34 70 159 1131 77 82 77 4,4 141,6 750,2 376,4 125,4 2,1 ll,9 27 4 19,4 11,2 25,0 57,5 40,7 23,5 ::126,06 230,86 531,56 
40 26 51 114 .8539 48 60 54 34,8 50,4 310,1 112,4 316,8 - 5,9 - 7,1 • 17:61 - 10,6 - 17,8 41,9 103,8 62,5 105,0 124,96 75,26 186,56 
41 20 32 85 40 42 43 141,6 681,2 2219,1 1197,2 665,6 • 11,9 - 26,1 • 46,6 - 34,6 - 25,8 1 310,6 554,5 411,7 307,0 1216,26 903,06 1612,36 
4.2 31 74 162 llO 61 82 80 1,0 252,8 923,5 269,0 23,0 - 0,9 15,9 30,4 16,4 - 4,8 - 14,3 - 27,4 - 14,8 4,3 483,36 260,76 498,56 
43 21 39 88 62 42 45 43 118,8 364,8 1901,8 998,6 566,4 - 10,9 - 19,1 • 43,6 - 31,6 - 23,8 208,2 475,2 344,4 259,4 832,76 603,56 1377,76 
44 27 43 101 69 52 51 50 24,0 228,0 937,0 605,2 190,4 - 4,9 • 15,1 • 30;6 - 24,6 - 13,8 74,0 149,9 120,5 67,6 462,06 317,46 752,76 
45 23 41 93 66 45 47 46 79,2 292,4 1490,7 I 761,il 4.32,6 • 8,9 • 17,1 • 38,6 • 27,6 - 20,8 152,2 343,5 245,6 185,1 660,06 471,96 1065,36 
46 18 31 70 53 31 ;\6 34 193,2 734,4 3795 8 1648 4 I 1211,0 · 13,9 - 27,1 - 61,6 • 40 6 - 34 8 376,7 856,2 564 3 483 7 1669,36 ll00,26 2500,96 
47 19

1 

'12 91 62 36 44 47 166,4 259,2 1649:1 99·8:6· I 888,o - 12,9 - 16,1 - 40,6 - 31:6 - 29:s 207,7 , 523,7 4o7:6 384:4 653,66 so8,76 1282,96 
48 45 127 268 171 89 134 134 171,6 4747,2 18602,2 5990,8 I 538,2 13,1 68,9 136,4 77,4 23,2 902,6 1786,8 1013,9 303,9 9397,96 S332,86 10557,36 
49 31 62 135 104 57 77 58 1,0 15,2 11,5 108,2 77;4 - 0,9 3,9 3,4 10,4 • 8,8 - 3,5 - 3,1 - 9,4 7,9 13,26 40,56 35,36 
50 34 93 198 141 71 101 97 4·,4 1218,0 4407,6 2246,8 27,0 2,1 34,9 66,4 47,4 5,2 73,3 139,4 99,5 10,9 2317,36 1654,26 3147,36 
51 36 74 165 109 72 85 80 16,8 252,8 1114,9 237,2 38,4 4,1 15,9 33,4. 15,4 6,2 1' 65,2 136,9 63,1 25,4 531,06 244,86 514·,36 
52 2s 55 127 s9 53 61 66 15,2 · 9,6 21,2 1 21,2 I6s,s - 3,9 - 3,1 - 4,6 - 4,6 - 12,s 12,1 17,9 17,9 19,9 14,26 14,26 21,16 
53 36 66 148 103 72 82 66 16,8 62,4 268,6 88,4 38,4 <t,l 7,9 16,4 9,4 6,2 32,4 67,2 38,5 25,4 129,56 74,26 154,16 
54 42 75 169 109 81 92 74, 102,0 285,6 1182,7 237,2 231,0 10,1 16,9 34,4 15,4 15,2 170,7 347,4 155,5 153,5 581,36 260,26 S29,76 
55 42 82 182 125 84 85 97 102,0 571,2 2539,1 986,0 331,2 10,1 23,9 50,4 31,4 18,2 241,4 579,0 317,5 183,8 1204,56 750,46 l582,56 
56 39 86 178 114 I 77 81 97 50,4 778,4 2152,0 4•16,2 125,4 7,1 27,9 46,4 20,4 11,2 198,1 329,4 144,8 79,5 1294,56 569,16 916,56 
57 21 37 85 65 41 41 44 118,8 •M-5,2 2219,1 818,0 615,0 - 10,9 - 21,1 - 46,6 - 28,6 - 24,8 230,0 507,9 :111,7 270,3 983,26 603,46 1332,96 
58 25 37 90 63 so 45 45 47,4 445,2 1731,4 936,4 249,6 • 6,9 • 21,1 - 41,6 • 30,6 - 15,8 145,6 287,0 211,1 109,0 877,76 645,66 1272,96 
59 42 69 161 llO 84 79 82 102,0 118,8 863,8 269,0 331,2 10,1 10,9 29,4 16,4 18,2 110,1 296,9 165,6 183,8 320,46 178,76 1182,16 
60 42 78 174· 125 83 84 90 102,0 396,0 1796,9 986,0 294.,5 10,1 19,9 42,4 31,4 17,2 210,0 428,2 317,1 173,2 843,76 624,86 1331,36 
61 26 41 95 73 49 47 <18 34.,8 292,4 1340,3 424,4 282,2 - 5,') • 17,1 - 36,6 - 20,6 - 16,8 100,9 215,9 121,5 99,7 625,86 352,26 753,96 
62 20 32 76 53 40 37 39 141,6 681,2 3092,5 1648,4 665,6 - 11,9 - 26,1 • 55,6 - 40,6 - 25,8 310,6 661,6 483,1 307,0 1451,16 - 1059,66 2257,36 
63 34 61 137 103 65 72 65 1 4,4 8,4 29,0 88,4 0,6 2,1 2,9 5,4 9,4 - 0,8 6,1 11,3 19,7 - 1,7 15,66 27,26 50,76 
64 17 34 75 52 32 36 39 222,0 580,8 3204,7 1730,6 1142,4 - 14,9 - 24,1 • 56,6 - 41,6 - 33,8 359,1 843,3 619,8 503,6 B64,06 1002,56 2354,56 
65 31 52 ll9 84 60 62 57 1,0 37,2 159,0 92,2 33,6 - 0,9 - 6,1 - 12,6 - 9,6 • 5,8 5,5 11,3 8,6 5,2 76,86 58,56 120,96 
66 30 49 114 83 59 54 60 3,6 82,(:; 310,1 112,4 46,2 - 1,9 - 9,1 - 17,6 - 10,6 - 6.8 17,3 33,4 20,1 12,9 160,16 96,46 1.86,56 
67 1 55 stJ. 19s 156 1o5 104. 94 533,6 67o,s 4407,6 3893,8 1536,6 23,1 25,9 66,4 62,4 39;2 s9s,z 1533,s 1441,4 905,5 1719,76 1616,16 4143,36 
68 50 101 223 163 96 115 108 327,6 1840,4 8352,1 4816,4 912,0 18,1 42,9 91,4 69,4 30,2 776,5 1654,3 1256,1 546,6 3921,06 2977,26 6343,16 
69 28 44 101 72 55 57 44· 15,2 198,8 937,0 466,6 116,6 - 3,9 - 14,1 - 30,6 • 21,4 - 10,8 55,0 119,3 84,2 42,1 431,46 304,56 660,96 
70 37 81 178 114 72 89 89 26,0 524,4 2152,0 4}6,2 38,4 5,1 22,9 I 46,4 20,4 6,2 116,8 236,6 104,0 31,6 1062,56 4-67,16 946,56 
71 33 56 125 86 67 53 72 1,2 4,4 43,7 I 57,8 1,4 1,1 I . 2,1 - 6,6 • 7,6 1,2 • 2,3 - 7,3 - 8,4 1,3 13,86 15,96 50,16 
72 61 120 269 184 120 144 125 846,8 3831,6 18876,0 8172,2 2937,6 29,1 61,9 137,4 90,4 54,2 1801,3 3998,3 2630,6 1577,2 8505,06 5.595,76 12420,96 
73 29 38 95 63 56 4,3 47 8,4 LJ.04,0 1340,3 936,4 96,0 " 2,9 " 20,1 " 36,6 • 30.6 • 9,8 58,3 106,1 88,7 28,4 735;66 615,06 1119,96 
74 27 40 97 76 53 56 41 24,0 327,6 ll97,9 309,8 163,8 - 4,9 - 18,1 - 34,6 - 17:6 - 12,8 88,7 169,5 86,2 62,7 626,26 318,56 608,96 
75 24 38 88 68 45 47 41 62,4 404,0 1901,8 655,4 432,6 - 7,9 - 20,1 - 43,6 - 25,6 - 20,8 158,8 344,4 202,2 164,3 876,36 514,56 1116,16 
76 12 29 63 44 24 31 32 396,0 846,8 4707,3 2460,2 1747,2 - 19,9 - 29,1 - 68,6 - 49,6 - 41,8 579,0 1365,1 987,0 831,8 1996,26 1443,36 3402,56 
77 29 47 110 74 . 58 53 57 8,4 132,2 467,0 384,2 60,8 - 2,9 - ll,l - 21,6 - 19,6 - 7,8 32,2 62,6 56,8 22,6 239,76 217 ,56 423,36 
78 17 35 76 52 32 40 36 222,0 533,6 3092,5 1730,6 1142,4 - 4,9 - 23,1 - 55,6 - 41,6 - 33,8 113,2 272,4 203,8 165,6 1284,36 960,96 2312,96 
79 28 62 135 95 i 57 70 65 

4
1
3
5
6

,.'1
8 

·I 15,2 11,5 1,7 77,4 _ 3,9 3,9 3,4 1,4 • 8,8 _ 15,2 _ 13,3 . 5,5 34,3 13,26 5,46 4,76 
80 11 24 51 38 19 25 26 1162,8 6498,0 3091,4 2190,2 - 20,9 - 34,1 - 80,6 - 55,6 - 46,8 712,7 1684,5 1162,0 978,1 2748,46 l 895,96 44R1,36 
81 13 29 64 44 24 31 33 :{57,2 I 846,8 4571,1 2460,2 1747,2 - 18,9 - 29,1 - 67,6 _ 49,6 - 41,8 550,0 1277,6 937,4 790,0 1967,16 1443.36 3352,96 
82 16 36 77 57 29 39 38 252,8 488,4 2982,~ 1339,6 1354,2 - 15,9 - 22,1 - S4,6 - 36,6 - 36,8 351,4 868,1 S81,9 585,1 1206,66 808,86 1998,36 
83 14 29 63 48 26 31 1 32 320,4 846,8 4707,3 2079,4 1584,0 • 17,9 - 29,1 - 68,6 • 45,6 • 39,8 520,9 1227,9 816,2 712,4 1996,26 1326,96 3128,16 
84 22 57 126 92 51 63 I 63 98,0 I 1,0 28,2 2,0 219,0 • 9,9 • 1,1 - 5,6 - 1,6 • 14,8 10,9 55,4 15,8 146,5 6,16 1,76 8,96 
85 43 65 151 109 85 74 77 123,2 47,6 376,0 237,2 367,1 11,1 6,9 19,4 15,4· 19,2 76,6 215,3 170,9 213,1 133,86 106,26 298,76 
86 50 102 226 157 98 116 110 327,6 1927,2 8909,5 4019,6 1036,8 18,1 43,9 94,4 63,4 32,2 794,6 1708,6 1147,5 582,8 4144,16 2783,26 5984,96 
87 34 64 144 92 67 72 72 4,4 34,8 153,5 2,0 1,4 2,1 5,9 12,4 - 1,6 1,2 12,4 26,0 - 3,4 2,5 73,16 - 9,44 - 19,84 
88 32 43 107 70 61 53 54 0,0 228,0 605,6 557,0 23,0 0,1 - 15,1 - 24,6 - 23,6 - 4,8 • 1,5 - 2,5 - 2,4 - 0,5 371,46 356,36 580,56 
89 22 45 93 70 37 49 44 98,0 171,6 1490,7 557,0 8Z,9,4 • - 9,9 - 13,1 - 38,6 • 23,6 - 28,8 129,7 382,1 ~33,6 285,1 505,66 309,16 910,96 
90 30 43 112 80 57 57 55 3,6 228,0 384,5 185,0 77,4 • 1,9 • 15,1 • 19,6 - 13,6 - 8,8 28,7 37,2 25,8 ' 16,7 295,96 205,36 266,56 
en 64 128 281 207 122 144 137 1030,4 4886,0 22317,4 12859,6 3158,4 32,1 69,9 149,4 113,4 50,2 2243,8 4795,7 3640,1 1804,0 10443,06 7926,66 16941,96 
92 26 57 131 91 56 68 63 34,8 1,0 0,4 6,8 96,0 _ 5,9 _ 7,1 _ 0,6 _ 2,6 • 9,8 6,5 3,5 15,3 57,8 I 0,66 2,86 - 1,26 
93 29 50 113 80 59 54 59 8,4 65,6 346.3 185.0 46,2 • 2,9 • 8,1 - 18,6 - 13,6 - 6,8 23,5 53,9 39,4 19,7 150,66 110,16 252,96 
94 4·0 70 172 126 83 83 89 65,6 141,6 1631:3 1049;8 294,5 8,1 11,9 40,4 32,1 17,2 96,4 327,2 262,4 139,3 1 480,76 38.5,56 1308,96 
95 21 33 78 56 33 41 37 118,8 630,0 28/4,0 1413,8 1075,8 • 10,9 - 25,1 - 53,6 • 37,6 - 32,8 273,6 584,2 409,8 357,5 1345,36 943,76 2015,36 
96 22 33 88 60 42 44 44 98,0 630,0 1901,8 1129,0 566,4 - 9,9 - 25,1 - 43,6 • 33,6 - 23,8 248,5 431,6 332,6 235,6 1094,36 843,36 1464,96 
87 25 39 93 73 51 45 48 47,4 364,8 t490,7 424,4 219,0 - 6,9 • 19,1 • 38,6 - 20,6 - 14,8 131,8 266,3 142,4 102 1 737,26 393,46 795,16 
98 36 56 13() 93 66 68 62 16,8 4,4 2,6 , 0,4 0,0 4,1 . • 2,1 - 1,6 • 0.6 0,2 - 8,6 • 6,6 - 2,5 I o:8 I 3,36 1,26 I 0,96 
99 44 72 161 llO 87 75 86 146,4 193,2 863,8 269,0 449,4 12,1 I 13,9 I 29,4 16:4 21,2 168,2 355,7 198,4 256,5 408,66 227,96 I 482,16 

lOO 51 94 210 166 llO 99 Ill I 364,8 1288,8 6145,0 5314,2 1953,6 19,1 35,9 i 78,4 72,4 44,2 5685,7 1497,4 1382,8 844,2 2814,56 2599,16 . 5676,16 

3186l 58091 13161 1 9359 1 65841 66221 6539 \ 16627,6

1 

55112,71 267046,5 ! . 140709,1 1 64749,6

1 

12,9 1 8,4

1 

I I ~----~-7-15-2-,0-1 ----6-2-2-79-.-1_;_l _ _ __ 4_5_9_92-.-7--'l-·---3-2-5-34-.-2_;_l ___ 1_20-42_2_._6 _ _,_l '---8-5~29.~- ~----~;~~03.04 
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Fig: 1. 

OC-=OD=OB=a~ 

AE=b, AC=m, 

AB=m', AD=d, 

BC=e, c=m+Ir 

The valu~s of the selected characters of individual members of the sample are 
given in table 1 along with the remaining computations which are necessary for the 
elaboration of mathematical relations . 

The frequency distribution of individual characters is given in table 2 (a, b) for the 
length of the interval h = 20. · 

Table 2a-

o -+=>o , o -+=>O · o -+=>o o -+=>o o -+=>o 

I
! » ! .~ » li » I .~ » :11 » .~ » » .~ » Ill » .~ » 

>=~ <:il >=~ 'I >=~ <:il >=~ 1 >=~ <:il >=~ >=~ <:il >=~ I >=~ <:il >=~ 
m m,.!::i m~ "5~ j

1 m~ ~~ / m~ "5§ m~ "5§ ~ m~ S§ 
. 12 ~ m H ~ ry ~ s ry 1 ~ ry ~ s ry 1• ~ ry ~ s ry Jl ~ 0'..0 

1
1!JO' ~ ry t) s ry 

,:g s o.$ s<:il - <D '-+-< ::s <D /I ...... <D '-+-< ::s Cl:> 11 - Cl:> '-+-< ::s Cl:> 11 - <D '-+-< j ::s Cl:> ...... Cl:> '-+-< ::s <D ___ o_:-._"" _ _ 
1 

_ _ _ O<!:: o O<!:: 1 0<!::: o O<!:: , 0<!::: o O<!:: , 0<!:::~ Oc!:t Oc!:t o Oc!:t _ 

__ l_---;-_2_-'--_3 _ _ --7-1- 4_ jl_3 __ 1 _ 4_ ij 3 _ 4_ !_ 3 ____ 4_ 11_3 __ 1 _4 __ 

11- 30 
31- 50 
51- 70 
71- 90 
91-100 

lll-130 
131-150 

82 

20 
40 
60 
80 

lOO 
120 
140 

6 I 6 
1i 2 I 2 j 2 2 8 I 8 52 I' 52 

33 39 32 34 36 38 39 47 40 92 
27 66 26 60 23 61 27 74 7 99 
21 87 25 85 23 84 16 90 1 lOO 

9 96 10 95 9 93 7 97 - lOO 
3 99 2 97 4 97 3 lOO - lOO 
l l 00 I 3 l 00 3 l 00 - 100 - l 00 

~1 1~ ~ ~ - ~~~ 



Table 2b 

I 
! I <I> I I 

<I> 

I :>, .:::; :>, :>, .~ :>, 
I 0 ~ ~ 

I 

~ 0 ..PO 
I ~ 

I 
~ ctl ~ 

m$ I rn..!:t1 I 
. <I> . ::::! <I> rn$ rD ..!:!1 ' 

<I> 

]~ w. ::::! s & m ::::! 
r£1 • ...; 

I - ~@ ] g'~ 
rn.,.., w. ~ Ul 0"~ 

~ s 6] ctl ctl 

I 0 s I ::::! <I> 
0 s ~<I>'+; ::::! <I> 

Q;.::j O~o Q~ 

I 
O~o Q~ 

I I 2 I 3 4 I I 2 3 4 I 

i 
11- 30 20 - - ll- 30 20 - -
31- 50 40 - - 31- 50 40 8 8 
51- 70 60 9 9 51- 70 60 24 32 
71- 90 80 15 24 71- 90 80 21 53 
91-110 lOO 18 42 91-IIO lOO 20 73 

lll-130 120 14 56 lll-130 120 12 85 
131-150 140 10 66 131-150 140 4 89 
151-170 160 14 80 151-170 160 7 96 
171-190 180 6 86 171-190 180 3 99 
191-210 200 6 92 191-210 200 I lOO 
2ll-230 220 4 96 
231-250 240 - 96 r =lOO 
251-270 260 3 99 
271-290 280 l lOO 

r =lOO 

Besides the arithmetical mean of individual elements of the sample, the modus M 
of individual quantities of the sample will be determined because the frequency 
distribution is in all cases rather asymmetrical [formulae used in this paper, unless 
derived, are taken from J. Janko (1947, 1948)]. Modus111will be computed according 
to the formula: 

M = x,. _ !!._ . nk+h - n~c-_h __ 
" 2 nk+h- 2nk + nk -h 

The computed values for individual elements are given in table 3; besides the 
corresponding value of M, the arithmetical mean of ;i elements of the sample is also 
given for comparison: 

Table 3 

Element 

I I I I I I 

I -
Xk h nTc+h n~c n1c-h M 

I 
X 

I 
I I 

I 
e I 40 

I 

20 27 33 6 46,36 65,84 
m 

I. 
40 20 26 32 2 46,67 66,22 

m' 40 20 23 36 2 44,49 65,39 
d 

I 
60 20 21 24 i 8 66,84 93,59 I 

b 
! 

40 

I 

20 27 39 8 44,42 58,09 
a 20 20 40 52 0 26,25 31,86 
c i lOO 20 14 18 15 98,57 131,61 I 

I 

Furthermore, the theoretical frequency distribution will be ascertained by the 
analytical method: owing to the asymmetrical distribution Poisson's exponential 
equation is chosen for this p11rpose in the following form: 
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e-A.. Ax 
fx=-­x! 

(1) 

where for x we shall successively introduce the notations of individual elements of 
a given sample; The length of the class interval is in all cases h = 20. A new variable 
uo = 0 is chosen for the class mark 'Xi = 20 arid for each element the mean distribu­
tion A will be ascertained from the expression: 

-- 1~ 1~ . - -
X = - ~ Xi ni = - ~ (h . Wi + X0) ni => X = h . U + Xo 

r i =l . r i =l 
(2) 

consequently from equation (2) it follows: 

(3) 

x 0 being a new convenient origin. 
The mean of the frequency distributi~n A = u, the corresponding notations of 

individual elements of the sample being introduced for x, x- into expression (3) . 
Thus we obtain for the element e: 

e-e0 
U e = - h- = 

65,84 - 20 
20 

= 2,292 = Ae 

similarly for the element m: 

Um, = 
m-m0 

h 
= 2,311 =Am 

likewise, for further elements of our sample it gives: 

Am· = 2,269; Ad = 3,679; Ali = 1,904; .Aa = 0,593; Ac = 5,58 

Now we may construct the tables of the theoretical frequency distributions, 
which we obtain by successive substituting into expression (1); in these tables (no. 
4- 8) the frequencies of individual elements according to table 2 are given in the 
second column ni, the computed theoretical frequencies in the 7th column f(x); 
therefore, it is possible to compare immediately how the ascertained frequency of 
each element of a given sample differs from the theoretical frequency obtained by 
the analytical method. 

Table 4 

Class mark I ]Teq:ency I I 
I I I ei Ui niUi Ui2 ni /(u) /(e) 

I 

20 6 0 0 0 0,1021 

I 
10,2 

40 33 1 33 33 0,2327 23,3 
60 27 2 54 108 0,2674 26,7 
80 21 3 63 189 0,2038 20,4 

100 9 4 36 144 0,1163 11,6 
120 3 5 15 75 0,0552 5,5 

- 140 1 6 6 36 0,0225 2,3 

I I I ·.I I I 
I: lOO 207 -585 · 1,0000 

-··· -· ··· _· 

100,0 
.. . . ' 

,, · · . . / . 

-84 



As the values A.n, = 2,311 and },m' = 2,269 are very close to the value Ae = 2,292 
for the calculation of the theoretical frequency distribution according to formula (1), 
we shall not compute these values separately for the elements m and m' because the 
individual theoretical frequencies of the element m and m' will differ only slightly 
from the theoretical frequencies f(e) of the element e given intable 4. 

Tables of th~ calculation of frequencies fQr the remaining elements of the sample 
are presented furthe.r below (see tables no. 5, 6, 7, 8). 

Table 5 

Class mark IFre:encyl 
I I I 

i 
\ .· ; 

di Ui niUi nitn2 f (u) i t (d) 

20 0 0 0 .I 0 0,0252 2,5· 
40 8 I 8 8 0,0938 9,4 
60 24 2 

' 
48 96 0,1719 17,2 

80 21 3 63 189 0,2067 20,6 
lOO 2o 4 80 160 o,i947 19,5 
120 12 5 60 300 0,1428 14,3 
140 4 6 24 144 0,0869 8,7 
160 7 7 49 343 0,0467 4,7 
180 

I 
3 8 24 192 0,0225 2,2 

200 1 9 9 81 I 0,0088 0,9 

J: 
I 

lOO 
I 

I 455 
! 

1513 

I 
1,0000 

I 
100,0 

I 

Table 6 

Class .mark I Frequency! 
I I I 

,, 

I bi ni :! Ui niUi Ui 2ni , f (u) /(b) 

20 8 0 0 0 0,1494 
I 

14,9 
40 39 1 39 39 0,2836 28,4 
60 27 2 54 108 0,2710 27,1 
80 16 3 48 144 0,1714 17,1 

lOO 7 4 28 112 0,0826 8,3 
1~0 3 .·. , 5 15, 75 ,, 0,0321 3,2 
140 0 6 0 0 0,0099 1,0 

J: 
I 

lOO 
I I 

184 
I 

478 I 1,0000 
I 

100,0 
: 

I I 



Table 7 

Class mark I Fre:encyl 
I I I I ai ,Ui niUi Ui2 ~ /(1L) /(a) 

20 52 0 I 0 

I 
0 0,5527 55,3 

40 40 l 
I 

40 40 0,3278 32,8 
60 7 2 14 56 0,0972 9,7 

l I 3 a 27 0,0192 

I 

1,9 80 

I 

I I 
lOO 0 

I 
4 

I 
0 0 

I 
0,0029 0,3 

120 0 5 0 0 0,0002 0 

2: 
I lOO 

I I 
57 I 123 

I 
1,0000 

I 
100,0 I 

i 

Table 8 

Class mark IFreq:ncyl 
I I I I Ci Ui niUi niUi2 f (u) f (c) 

20 0 0 0 0 0,0039 0,4 
40 0 l l 1 0,0213 2,1 
60 9 2 . 18 36 0,0589 5,9 
80 15 3 45 144 0,1094 10,9 

lOO 18 4 72 288 0,1526 15,3 
120 14 5 70 350 0,1703 17,0 
140 10 6 60 360 0,1582 15,8 
160 14 7 98 686 0,1263 12,6 
180 6 8 48 384 0,0881 8,8 
200 6 9 54 486 0,0546 5,5 
220 4 10 40 400 0,0305 3,1 
240 0 ll ll 0 0,0155 1,6 
260 3 12 36 

I 
432 0,0073 0,7 

280 l 13 13 169 0,0031 0,3 

2: 
I 

lOO 
I 

I 566 I 3736 

I 
1,0000 

I 
100,0 

I 

In computing the value j(u) in the column 6 of the tables 4-8 it was rounded off 
so that within the limits of the mentioned class marks xi the sum of the relative 
frequencies /( u) be equal to 1, 0; ~he influence of this reduction on the fina,l arrangement 
of the theoretical frequency distributions f(x) in the column 7 of the given tables, 
where for x the notations of individual elements of the sample are substituted, can 
be neglected. ·· . 

We next proceed to the determination of the correlation between the character a, 
which defines the radius of the circle replacing the lower border of the outline of the 
valve (see fig. 1), and the remaining characters. 

First of all the arithmetical means of individual characters will b.e computed 
according to the formula: 
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thus 
a = 31,86 ; b = 58,09 ; c = 131,61 ; d = 93,59 ; e = 65,84 

and by means of the moment of the second order with respect to the arithmetical 
mean flx, 2 the determinative deviation a x ; for single charac~ers we get: 

1 ,, 
/-la, 2 = - . ~ (ai - a)2 = 166,3 :::::> ria = 12,87 

r i=l . , 

/-lb, 2 = 551,1 :::::> (Jb .= 23,47 
flc, 2 = 2670,46 :::::> ric = 51,~8 
/-ld,2 = 1407,1 :::::> (Jd = 37,51 
/-le, 2 = 647,49 :::::> rie = 25,44 

The correlation between the radius of the curvature a and the remaining characters 
will be computed from the formula: 

consequently, 

11(xi- x) (Yi - y) · 1) 
r x; y = --------- ­

r . rix . riy 

= 2:(ai - al~- b) . = 27 152,0 = 0;899 
r . ria . ab 30 205,89 

2:(ai ~a) (ci - c) 62 279,1 
ra, c = = 66 512,16 = 0

'
936 

r. ria . ric 

11(ai -a) (di - d) 45 992,7 
ra d = = 48 275 37 = 0

'
953 

1• • ria • (Jd '· 

ra,e = 
l:(ai -a) (ei -e) 32 534,2 

r . ria • rie = 32 741,28. = 0
'
993 

It appears that the characters b, c, d, e are in close dependence on the radius of 
the curvature a; therefore, we shall deal with the quadruple correlation between the 
character a and the remaining characters b, c, d. The character e is closely dependent 
of a, as can be seen from the correlation r rx, 6 , therefore it can be neglected in regard 
to the cnaracter a in further calculations. The character e is to a great extent directly 
dependent on the character a, as the centres of the substituting circles with the 
radius a lie for the individual outlines in most cases very close to the connecting 
line OB= e; the direct dependence of the character e on the character a may also 
be opserved from the fact that there exists only a small deviation between e and 2a 
and that the arithmetical means of the characters e, 2a differ only slightly : 2a = 
=63.72, e = 65.84. 

First of all we deduce the necessary general relations inductively from the relations 
for the simple correlation and denote for these general considerations: 

a= 1x; b = 2x.; c = 3x; d = 4x 

therefore we may consider the frequency function in the case of the relative frequen· 
cies 1 

f (lx ' zX ' 3x ' 4x). 
1) See J. Janko, 1948, p. 101. 
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Each value of the variable 4x, which assumes the values 4X1 ; 4x2 ; 4x3 has a certain 
frequency distribution of the triads of values 

1Xi ; zXj ; 3Xk 

the frequency of which will be denoted 

n (1xi , 2x3 , 3xk) 

and the relative frequency 
f (1xi ' 2xi ' 3xk) • 

The frequency of the tetrad of values 

1xi' 2xi, 3xk, 4Xz 

will be denoted at a certain point similarly 

n (1 Xi ' 2xi ' 3xk ' 4xl ) 

where the sequence of the elements in the parenthesis being unimportant. 

Let us denote the deviations of the variable values from the arithmetical mean 

;1 ' ;2 ' ;3 ' ;4 
and the determinative deviations of the r variables 

(]1 ' (]2 ' (]3 ' (]4 

then the linear regression proper set of the character 1 x in regard to the remaining 
characters is given by the equation 1) 

;1 = al + b12;z + b13;3 + b14;4 (4) 

where a1 , b12 , b13 , b14 are constants determined by the method of the least sum of 
squares so that the value ; 1 computed from equation (4) be very close to the values 
which correspond to the measured values ; 2, ; 3 : ; 4 • 

If we denote the deviations 

;I- a1- bi2;2- bl3;3 - b14;4 =; i (234) , 

then_ the conClition that the sum of squares of deviations 
2 

;1 (23 4) 

be minimal, must be fulfilled. 

Thus, in the case of the first derivation according to a1 ; b12 ; b13·; b14 ; 

E (;l,i- al- b12;2,j- bls;3, k- b14;4,l) n(Ixi; 2X3,; sXk; 4xz) = 0 
i,j,k,l 

and hence it follows 

2;1,ini,j,k,l = E;2,jni,j,k,l = E;s,kni,j,k.~l = L:.;4,lni,j,k,l = 0 

when we write briefly 
n(1xi, 2x3 3xk 4xz) = ni,j, k, z E = 11 ; 

i,j,k,l 

consequently, we have the constant a1 = 0, so that equation (4) takes the form 

;1 = bl2;2 + b13;3 + b14;4 (5) 

1) J. Janko (1948, p. 126) and J. Janko (1937, p. 76). 
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By further derivation we obtain 

- 2E~z.j (~1, i- b12~z. j- b13~3, k- b14~4, z) ni,j, k, z = 0 

- 2E~s,k (~1, i- b12~Z,j- bl3~3, k- b14~4,z) ni.j, k.z = 0 

- 21]~4, z (~1,i- b12~Z,j - bl3~3, k- b14~4,z) n i ,j, k,i = 0 

thus after some conversion 

E~1;i~Z,"jni,j.k,Z = b12 E~f.jni,j,'k,l + b13E~z.j- ~3.kni,j,k,l + b14.E~z,j~4,lni,j,k,z = 01 
.E~l.i~s.kni,j,k,l = bl211~z.j~3,kni,j,k,l +b132:~~.kni,j,k,l + bl4.E~s.k~izni,j,k,l = 0 (6) 

E~l,i~4.zni,j,k,l = bl2 E~z,j~4.lni,j,k,l + b13E~s.k~4,lni,j,k,Z + b1 311~4,lni,j,k,l = 0 

If we substitute for individual members in equation (6) the expression which works 
out for simple correlation 1 ) 

E~ .'YJ, 
rxy = . ' 

r.ay.ax 

consequently in our case by the expression 

E~l,i~2,j = r · rl2 · al · a2 ' 

we obtain 'after some conversion a set of equations: 

h12 · a2
2 + b13 • r23 • a2 · a 3 + bl4 · r24 · a2 · a4 = r12 · al · a2' 

b12 · r23 · a2 • a3 + b13 · a3
2 + bl4 • r34 · a3 · a4 = r1a • a1: a3' 

bl2 • r24 · a2 · a4 + b13 • r34 · a3 · a4 + bl4 · a42
2 = r14 · al · a4' 

the solution of which gives 

r12a1a2, r 23a2a3' r 24a2a 4 

r 13a1a3, a32, 1" 34a3a 4 

r 14a1a4, r 34a 3a 4• a4
2 

A 

I 

a 22 
, r 12a1a2, r 24a2a 4 

r23a2a3, ri3a1a3, ra~.a~a4 

r24a2a4, r14a1a4, a4 2 
b13 = = a1 · 0'2

2 
• ir3 · a4 

A 

A 

a2 
2

' r 23a2a3, ·rl 20'1a2 

r2aa20'3, al' r13aia3 

r210'2a4, r34a3a4, rl4a1a4 

A 

a 2 
2

, r23azaa, r 24a2a 4 
1.23a2-a3, aa

2
' r34a3a4 = a2

2
ala4

2 

r 24a2a 4, r 340'30'4, a 4 
2 

1) See J. Janko, 1948, p. 101. 

riz, r23• r24 

r13' I, r34 

r14, r34' I 

A 

1, r12• r24 

r23' r13' r34 
r 24, r 14, I 

A 

A 

1, r23' r24. 

r2a' 1, r34 

r24' r34, 1 

(7) 

} (8) 
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thus finally, 

rl2' T23, T24 

rl3, 1' rs4 

a
1 

r 14 , r 34 , 1 
bl2 = - . - --- - ----;- ' bl3 

a 2 1 , r 23 ' r 24 

r 23 , 1, r34 

r24' ra4' 1 

1, rl2' r24 

r 23 ' r 13 ' r 34 

r24' r14' 1 

1, r23' r24 

r23' 1' rs4 

r24' r34' 1 

1, 1"23' r12 

r23 ' 1' 1\3 

r24' r34' r14 

1

1 1 ' r 23 ' r 24 

r23' 1' r34 

r24' 1"s4' 1 

In order to find the formula for our quadruple correlation we shall start with the 
corresponding formula for the mean square deviation 

2 2 2 
Bxv = O'y . (1- ryx) 

which can be in our notation written in the form 

si2 = ai . (1 - ri2) (10) 

because the sequence of the indexes is not important. 
Similarly, as in the case of equation (5), we obtain in our case for the mean square 

deviation the expression 

si(234) =_!_E(~1 -b12~2 -b13~3- b14~4)2ni,j,k,l; (11) 
r 

if we raise to the second power, express again the value of the variable from the 
arithmetical mean through equation (7) arid introduce the corresponding values 
from equations (8), we obtain successively 

si(234) = ! E[(~1- b12~2)2 - 2(~1- h12~2) (b"l3~a + b14~4) + (bi3~3 + bl4)
2
] ni.J, k,l = 

2 b b 2 b 2 2 ?b b . b 2 b =a1-2 12( 120'2 + 13r230'20'3 +bl4r24a2a4) +b120'2- ..., 13( 12r230'20'3 + 130'3 + 14r340'30'4)-
2 ' 2 2 

- 2b14(b12r240'20'4 + b13r340'30'4 + b140'4) + 2bl2b13r23a2a3 + 2b12bl4r240'20'4 + b1aO's + 

b b b 2 2 2 b2 2 2 2 b2 2 b 
+ 2 13 14r340'30'4 + 140'4 = 0'1 - 120'2- b1sas - 140'4 - 2 12b13r2a0'20'a-

- 2b12b14r240'30'4- 2b13b14r340'30'4 

and writing instead of b12, b13 , b14 their values according to equation (9) in the form 

0'1 B12 0'1 B13 · 0'1 B14 
b12 = a2 . A' bls = as • A' b14 = -a4 . A 

it gives after putting before parentheses and conversion 

if we compare this equation with equation (10) we get the coefficient of the quadruple 
correlation in the form 
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and writing instead of the individual indexes the original notations of the characters 
of our sample we have: 

. 2 2 2 ' 1/ 
• ' _ [Bab + Bac +Bad+ 2BabBacrbc + 2BabBadrbd + 2BacBadrcd] 2 ( 12) 

'ia(bcd) - A2 · 
a 

In order to be able to use formula (12) for computing the quadruple correlation 
between the character a and the characters b, c, d of our sample, it is necessary to 
find the simple correlations of the remaining combinations of couples of characters : 
rbc' rbd, red · 

We get successively . the following values: 

lJ (bi- b)(ci- C) 
'i'bc = ----- -

120 422,60 
121 292,96 = 

0
'
993 

- 85 629,80 - 0 9 - 191 003;04 -
rbd - Ss 035 97 - ,. 73 ' red - 193 851 68 - 0 '985 

' ' 
Now it will be computed successively : 

rab' rbc' rbd 1
2 

B!b = r ac' 1, red 

0.899, 0,993, 0,973 . 1'

2 
. 

0,936, 1 ' 0,985 = (-0,000748)2 = 0,000000559504 
r ad, red, 1 0,953, 0,985, . 1 1 

1 'r ab' rbd 2 

B!c = 1·bc' r ac' reel 

rbd' r ad' 1 

1 ' 0,889, 0,973 1'2 

0,993, 0,936, 0,98,5 = (0,0008339)2 = 0,0000006953892 

1 , rbc' r ab 1
2 

B!d = rbc' 1 , r ac = 
rbd' r cd' 'i'ad 1 

0 ,973, 0,953, 1 

1 ' 0,993, 0,899 1
2 

0,993, 1 '0,936 1 = (0,000281)2 = 0,000000078961 
0,973, 0,985, 0,953 

2 . Bab . Bao · rbc = 2 . (-0,000748) . 0,0008339 . 0,993 = -0,000001238782, 
2 . Bab . Bad . rbd = 2 ." (-0,000748) . :0,000281 . 0,973 = -0,0000004090258, 
2 . Bac . Bad . red = 2 . 0,0008339 . 0,000281 . 0,985 = 0,000000461622, 

1 , '~"be' '~"bd 1
2 I 1 , 0,993, 0,9731 1

2 

rbc' 1 . ,red I . = I 0,993, 1 , 0,985 . = 0,00038942 = 0,000000151632 
rbd, red' 1 J 0,973, 0,985, 1 

Substitution in formula (12) gives : 

V147 668 J I 
1·a(bcd) = 

151 632 
= / 0,973858 = 0,987 

By cyclic replacement of the characters of our sample further quadruple correlation 
will be computed on the basis of equation ( 12): rb (bed) , rb (cad) , 'i'd (abc) 

According to formula (12) we have : 
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where 

A~= 
1 'rab' rae 2 

rbd, 1, rbe = 
rae' rbc' 1 

·2 
rda' rab' rae 

rdb, 1 , rbe = 
rde' rbc' 1 

1 'rda, rae 
2 

r ab' rdb, rbe = 
r ae' rde~ l 

1 ' r ab' rda 2 

rab' 1 ' rdb = 
r ae' rbe' r de 

1 '0,899, 0,9361 2 
. 

0,899, . 1 ' 0,993 = (0,000802)2 = 0,000000643204 
0,936, 0,993, 1 

0,953, 0,899, 0,936 2 

0,973, 1 ' 0,993 = (0,000281)2 ~ 0,000000078916 
0,985, 0,993 1 

I 

1 '0,953, 0,936 2 

0,899, 0,973, 0,993 = (0,000313)2 = 0,000000097969 
0,936, 0,985, 1 

1 '0,899, 0,953 2 

0,899, 1 , 0,973 = (0,0002193)2 = 0,00000004809249 
0,936, 0,993, 0,985 

2. Bda. Bdb. rab = 2. 0,000281 . 0,000313. 0,899 = 0,000000158139 
2 . Bda • Bde . r ae = 2 . 0,000281 . 0,0002193 . 0,936 = 0,0000001153588 
2 . Bdb • Bde . rbc = 2 . 0,000313 . 0,0002193 . 0,993 = 0,0000001363208 

substitution in formula (13) gives: 

1;634 841 11 
rd(abe) = r 

643 204 = V o,986 998 = o,993 

According to equation (1 2) we obtain futher 

[ 

B~e+B~d+B;a+2. Bbe· Bbd. red + 2. Bbe. Bba. -rac+ 2. Bbd .Bba. rad ]
1/2 

rb(edaJ = .. A 2 (14) 
b ' 

where 

1

1 , red' r ae 
2 

A~ = red' 1' rad 

rae' rad' 1 

Tbe' red' rac 
2 

rbd' 1 'rad = 
rab,rad' 1 

1 ' rbe' r ae 2 

red' rbd, r ad = 
rae' rab' 1 

1 'red' Tbe 2 

red, 1' rbd = 
rae, rad' rab 

1 , 0,985, 0,936 2 

0,985, 1 '0,953 = (0,002726)2 = 0,000007431076 
0,936, 0,953, 1 

0,993, 0,985, 0,936 2 

0,973, 1 , 0,953 = (0,0030991? = 0,000009604421 
0,899, 0,953, 1 

1 ' 0,993, 0,936! '2 

0,985, 0,973, 0,953 = (0,000313)2 = 0,000000097969 
0,936, 0,899, 1 

1 ' 0,985, 0,993 2 

0,985, . I , 0,973 = (-0,000748? = 0,000000559504 
0,936, 0,953, 0,899 

2Bbc • Bbd • r ed = 2 . 0,0030991 . 0,000313 . 0,985 = 0,000001910936 
2Bbe • Bba • 1'ae = 2 . 0,0030991 . (-0,000748) . 0,936 = -0,000004339539 
2Bbd. Bba. rad = 2. 0,000313. (-0,000748). 0,953 = -0,000000446240 
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consequently, 

}17387051 V 
rb(eda) = , 

7431076 
= 0,994075 = 0,997 

In the last case we have according to equation (12) 

[ 

B~d+B~a+B~b+ 2. Bed. Bea. rad+ 2 .Bed· Bbe. rbd+ 2 · Bea· Beb. rab] 
1/2 

1 re(dab) = A 2 ( 5) 
b ' 

in which 

1

1 , r ad• rbd 
2 

A; :== . r ad• 1 ' r ab 

rbd• rab• 1 

1 ' 0,953, 0,973 2 

0,953, 1 '0,899 = (0,0040906)2 = 0,000016733, 
0,973, 0,899, 1 

0,985, 0,953, 0,973 2 
r ed• Tad• rbd 

2 

rae• 1 'rab 

rbe• r ab• 1 
0,936, 1 ' 0,899 . = (0,0002193)2 = 0,00000004809249, 
0,993, 0,899, 1 

1 , red• rbd 1

2 

rad• Tae• rab 

Tbd• rbe• 1 

1 'rad• red 2 

rad, 1 'rae 

rbd• r ab• rbe 

1 '0,985, 0,973 2 

0,953, 0,936, 0,899 = (0,0008339)2 = 0,0000006953892, 
0,973, 0,993, 1 

1 '0,953, 0,985 2 

0,953, 1 ' 0,936 = (0,0030991)2 = 0,000009604421, 
0,973, 0,899, 0,993 

2. Bed. Bea • rad = 2. 0,0002193 . 0,0008339; 0,953 = 0,0000003485583, 
2 . Bed • Beb • rbd = 2 . 0,0002193 . 0,0030991 . 0,973 = 0,000001322565, 
2. Bea. Bcb . rab = 2. 0,0008339. 0,0030991 . 0,899 = 0,000004646642 

.and after the substitution into equation (15) we have 

V166 657 VI 
rc(dab) = . = 0,995978 = 0,998 

167 330 

The single values of the correlation coefficients may be now arranged as follows: 

Tab= 0,899 
Tae = 0,936 
rad = 0,953 
rbe =0,993 
rbd = 0,973 
Ted = 0,985 

r a(bcd) = 0,987 
Tb(cda) = 0,997 
rc(abd) = 0,998 
r d(abc) = 0,993 

Thus, as was expected, the multiple correlation appears much closer than the 
,simple correlation; this also proves that the individual characters a, b, c, d, of our 
.:sample were selected advantageously and their ciose relation suggests the homoge­
neity of the .chosen sample. 
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Conclusion 

From what was stated above it becomes evident that the studied collection of 
forty-three Bar rand e' s Lower Paleozoic species coming from different strati­
graphical levels and designated by cumulative name Mytilus (non Mytilus 
L inn e, 1758) cannot be differenciated on the basis of the outlines by means of 
the used biometrical methods. Even less is it possible to distinguish these forms 
on the basis of purely subjective visual observations of the external habitus. 

Therefore it can be stated that the above mentioned mytiloid forms are from the 
taxonomical point of view undefinable and from the nomenclatorical point of view 
indistinguishable. Consequently, it seems evident that these forms cannot be placed 
with certainty to any already fixed genera and species, if those are characterized 
also by the structure of their hinge apparatus and represent natural taxa. This is 
verified also by the finding of a complete mytiloid specimen, in which we managed 
to reveal the hinge apparatus of.a special character, which even justifies the estab­
lishing of a new genus (see R u z i c k a- P rant 1, 1961), although this form 
does not differ in its external habitus from the remaining forms designated by 
J. Bar rand e by cumulative name Mytilus. 

Thus it may ve stated that the forms which can be distinguished only on the 
basis of subjective visual observations according to individual differences in the 
outline and surface sculpture are only artificial groups (parataxa) without systematical 
significance. Consequently, they cannot be used in solving evolutionary or phyla­
genetic problems. The less can they be used as biostratigraphioal criteria. 

Till further notice, unless we succeed in distinguishing these forms by means of 
perfected biometrical methods, paleontology must put up with a mere statement 
that in these cases it deals with undefinable mytiloid forms. This fact will then be 
expressed by the use of open nomeclature in the most general sense (mytiloid form 
inc. sed.) 

There is no doubt that this case of generic and specific undefinability of mytiloid 
forms is not an isolated case among Paleozoic similarly preserved pelecypods and 
that it occurs also in some other groups in which the hinge apparatus in not observable 
owing to the unfavourable state of preservation. 

At present we cannot determine to wha~ extent the forming of the external 
habitus of all mytiloid pelecypods took place according to the ascertained principles, 
however, we believe that further comparative studies will enable us to solve this 
basic problem. 

Nevertheless, the result of our study proves that the mytiloid type of pelecypods 
(characterized by its conspicuous outline) forms from the general evolutionary point 
of view morphologically very stabilized group of a great chronostratigraphical range 
(Silurian to Recent). This group may include homeomorphically related forms of 
different phylogenetic origin, this evolution being conditioned by homologic 
ecological factors. 

*) Mytilus adjunctus, M. adornatus, 1VI. amygdala, M.? appEndens, M. budnianus• 
M. buridani, M. capillosus, M. carens, M. confrater-nus, M. consobrinus, M. consors• 
111. conspicuus, M. cuneus, M. discretus, M. ? elaborans, M. elongans, M. esuriens, M· 
excisus, M. faustulus, M. humilis, JJ!f. insectus, M.? insolitus, M.? insons, M.? laceratus, 
M. longior, M. nasutus, M . parens, M. patiens, M.? praecox, M. protendens, M. pyrum 
M. mdius, M. raptus, JYI. r·arus, M. 1"ostr·atus, M. sagittalis, M. scapha, M. scarabeus•. 
M. sector, M. secur·is, M. spatula, M. suavis, M. 'l)olitans. 
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