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Introduction 

Although many features of the Rancho La Brea Pleistocene 
occurrence are known to every student of vertebrate paleontology, 
much material has remained virtually untouched or has received 
little study since the time of the excavations. This is unfortunate 
inasmuch as the large numbers of individuals of certain forms 
offer opportunities for fauna! studies rarely found when dealing 
with fossil collections. A striking example is furnished by the 
remains of the dire wolf group.' 

While the dominant canine species from the asphalt is Canis 
(Aenocyon) dims,' smaller extinct forms, like the coyote ( Canis 
orrntti) and the timber wolf ( Canis furlonyi) are also recorded. 
The coyote is known by a considerable number of individuals, but 
the timber or gray wolf has been identified by only eight skulls 
in the collection. Little work has been done on the skeletal ele
ments of any of these species. The present paper gives the re
sults of a study of the metapodials that were originally segregated 
and identified as belonging to the Canis ( A enocyon) group in the 
Los Angeles County Museum collection from the Pleistocene of 
Rancho La Brea. Among these metapodials are doubtless a small 
number belonging to the fossil timber wolf, since it has not been 
found possible to segregate them by morphological features. 

Since the number of timber wolves, as established by a ready 
identification of their skulls, is negligible in comparison to the 
overwhelming number of individuals of the dire wolf group, 
considerable reliance may be placed on the statistical analyses of 

1. The term group is used in the sense that it includes not only the typical dire 
wolves Canis (Aenocyon) din,s, but likewise those forms which, on the basis of skull 
or dental characters may be referred to Canis (Aenocyon) 1nilleri from Rancho 
La Brea. 

2. Stock, C., J. F. Lance and J. 0. Nigra, Bull. So. Calif, Acad. Sci., vol, 45, 
pt. 2, pp. 108-110, 1946. 
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measurement data derived from the complete assemblage. Thus, 
analyses have been made to determine the arithmetic mean, stand
ard deviation, and coefficient of variation in length of the fossil 
metapodials, and the standard errors involved in the derivation 
of these quantities. It is likewise possible to arrive at an estimate 
of the average sizes of the nine kinds of metapodials (metacar
pals I, II, III, IV, V and metatarsals II, III, IV, V) of Canis 
(Aenocyon) from Rancho La Brea. These results are presented 
in a series of frequency curves and bar diagrams. 

Certain features of the present investigation need further com
ment. Thus, the amount of fossil material utilized is far greater 
than that usually available to a paleontologist engaged in statisti
cal studies. On the other hand, the samples treated in the analyses 
are by no means pure. Attention has been directed already to the 
probably small representation in the collection of metapodials of 
the timber wolf. As yet it has not been found possible to differ
entiate species within the dire wolf group on the basis of metapo
dials. Moreover, it cannot be asserted that only fully adult indi
viduals are included, although the obviously immature bones are 
excluded from the samples. Both sexes are represented by the 
material, and the measurements of the metapodials are confined to 
longitudinal dimensions. 

An average of approximately 1200 individual elements for 
each metacarpal and metatarsal, both right and left, were meas
ured. Only in the instance of metacarpal I and the rudiment of 
metatarsal I, was the number of available specimens considerably 
smaller. In all, more than 20,000 bones of wolves from Rancho 
La Brea were measured. 
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TABLE 1 

MEAN, STANDARD DEVIATION, AND COEFFICIENT OF VARIATION 
OF METAPODIALS OF AENOCYON 

Standard 
Mean in Deviation in Coefficient 

Metapodial Number Centimeters Centimeters of Variation 

¾C II R 1163 7.70 ± .01 .31 ± .01 4.0 ± .1 
L 1219 7.72 .01 .33 .01 4.2 .1 

MC III R 1261 8.81 .01 .36 .01 4.1 .1 
L 1239 8.81 .01 .36 .01 4.1 .1 

MC IV R 1177 8.73 .01 .35 .01 4.1 .1 
L 1264 8.71 .01 .36 .01 4.1 .1 

MC V R 1298 7.39 .01 .32 .01 4.4 .1 
L 1268 7.38 .01 .33 .01 4.5 .1 

~IT lI R 1250 8.34 .01 .34 .01 4.1 .1 
L 1265 8.33 .01 .34 .01 4.1 .1 

MT III R 1283 9.41 .01 .38 .01 4.0 .1 
L 1249 9.40 .01 .39 .01 4.1 .1 

MT IV R 1239 9.63 .01 .39 .01 4.1 .1 
L 1220 9.62 .01 .38 .01 4.0 .1 

MT V R 1088 8.81 .01 .35 .01 4.0 .1 
L 1136 8.81 .01 .34 .01 3.9 .l 

DISCUSSION OF STATISTICAL RESULTS 

lthough the largest specimens in the several series of meta
Ciarpals and metatarsals lie outside the expected limits of varia
tion in length from the mean of a particular series measured, there 
is as yet no definite proof that they represent the timber wolf. It 
seems likely, however, that the largest metapodials, as well as a 
few of the longer bones within the normal distribution of meas
urements represent forms differing from Canis ( A.enocyon) dirus. 
A graphical representation of the frequency distribution of the 
measurements of length of the metapodials assigned to the dire 
,vol£ group ( see curves, figures f and 8) certainly suggests this, 
and it seems to be confirmed by the calculated standard deviation. 

It is interesting to note that according to -Merriam' "The 
metarsals like the metacarpals, are relatively somewhat shorter in 
the average specimen of C. dints than in C. pambasileus, though 

3. Merriam, J. C., Mem. Univ. Calif., vol. 1, no. 2, p. 239, 1912, 
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large specimens are present which exceed the largest measure
ments known in the latter form." It is not now known how many 
specimens of the modern timber wolf were available to Merriam 
in making this observation, but the assumption is that the number 
was not large. 

Average lengths of metapodials.-Plate 6 gives graphically 
the mean lengths of metacarpals and metatarsals of Canis (Ae
nocyon). These results are based on approximately 1200 individ
uals of each element, except for metacarpal I. The latter was rep
resented by approximately 250 specimens of each side. It will be 
noted that, with the exception of the first , each metapodial in the 
manus is shorter than the comparable element in the pes. The 
third metapodial is longer than the fourth, and the second is 
longer than the fifth in the manus; the reverse conditions prevail 
in the pes. 

Frequency curves.-Curves showing frequency distribution of 
measurements of length of the metapodials of the dire wolf group 
are shown in Plates 7 and 8. These are grouped in the class 
intervals of original measurements. A coarser grouping would 
make these curves approximate more closely a normal distribu
tion curve, but the presentation used suggests the presence of 
minor groupings within the series of bones studied. Sexual differ
ences and the heterogeneity of the samples caused by the presence 
of timber wolf or other extraneous material are perhaps responsi
ble. Study of additional skeletal elements may help to clarify this 
situation. 

Considered as a whole, however, the results show that the 
total distribution approaches a normal one, and that the variation 
coefficient is relatively small. Simpson and Roe• state that the 
coefficient of variation for most such zoological data is between 
4 and 10. 

Calculations were made following the procedure suggested by 
Simpson and Roe. The arithmetic mean is the product of the sum 
of all observed values divided by the number of observations. 
The standard deviation from the mean is found by the formula 

o=✓"J.(i) 
where a is the standard deviation, ~ ( d2

) the sum of the squares 
of individual variations from the mean, and N is the total num
ber of observations. The coefficient of variation is an arbitrary 
ratio expressing the relationship of variation to absolute size. 
The coefficient here used is found from the formula 

V= 100 a 
M 

4. Simpson, G. G., and A. Roe, Quantitative Zoology, McGraw Hill Book Co., 
New York, 1939. 
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TABLE 2 
0, 

AVERAGE SIZES OF METAPODIALS OF AENOCYON GROUP ~ 
Major Pits in Order of Greatest Average Yield 

t'."' 
t"l 
::! 

PIT 3 PITS 61-67 PIT 4 PIT 13 PIT 77 ~ 
Mean Mean Mean Mean Mean 00 

METAPODIAL length No. of length No. of length No. of length No. of length No. of !=' 
in cm. Spec. in cm. Spec. in cm. Spec. in cm. Spec. in cm. Svec. 

Q 

MC II L 7.67 444 7.74 253 7.83 191 7.63 141 7.74 104 > 
t< 

R 7.66 393 7.72 232 7.80 208 7.58 132 7.69 85 
... 
!'l 

M 7.67 7.73 7.82 7.61 7.72 > 
MC III L 8.76 435 8.84 263 8.95 203 8.68 144 8.87 98 Q 

> 
R 8.78 484 8.84 241 S.97 197 8.63 140 8.82 95 0 

l"l 
M 8.77 8.84 8.96 8.66 8.85 I::: 

Ml 
MC IV L 8.67 437 8.72 264 8.78 214 8.55 150 8.72 96 0 

R 8.68 402 8.74 242 8.84 214 8.58 134 8.74 80 
.,, 

... M 8.68 8.73 8.81 8.57 8.73 00 
0 Q ... 

MC VL 7.35 427 7.40 221 7.49 210 7.24 147 7.39 140 l"l 
~ 

R 7.35 455 7.40 242 7.50 210 7.27 146 7.40 114 Q 
t"l 

M 7.35 7.40 7.50 7.26 7.40 a, 

MT II L 8.29 405 8.41 285 8.43 219 8.20 163 8.38 115 
R 8.32 435 8.37 262 8.46 190 8.18 167 8.33 94 
M 8.31 8.39 8.45 8.19 8.36 

MT III L 9.37 416 9.43 268 9.51 228 9.26 146 9.34 85 < 
R 9.35 481 9.43 262 9.62 193 9.25 162 9.44 81 ~ 
M 9.36 9.43 9.57 9.25 9.39 .... 

_a. 
MT IV L 9.58 413 9.67 258 9.78 215 9.46 132 9.61 98 >tj 

R 9.58 439 9.73 264 9.77 209 9.47 165 9.65 69 p, 

M 9.58 9.70 9.78 9.47 9.63 ;:i 

MT VL 8.77 390 8.85 251 8.93 193 8.71 143 8.79 71 
.!-' .... 

R 8.78 389 8.86 235 8.90 182 8.60 113 8.80 82 <D ... 
M 8.78 8.86 8.92 S.66 8.80 
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where V is the coefficient of variation and <1 and M represent 
standard deviation and mean respectively. 

Standard errors have been calculated for these parameters. 
It should be noted that these values are based on the probability 
that the parameters of the sample represent the parameters of the 
total population, and are not related to errors in calculation or 
measurement. 

Analysis of data with regard to individual Museum excava
tions.-A comparison of data on measurements of bones from 
different excavations indicates that the average lengths of the 
metapodials are not the same for all pits. The average length of 
these elements from pit 4 is greater than that of the metapodials 
from pit 13. The average length of the metapodials from pit 3 
lies between the average lengths of those from pits 4 and 13. In 
this connection it is interesting to note that the largest number of 
metapodials recorded from the individual excavations at Rancho 
La Brea occurred in pit 3. An inspection of the data ( table 2), 
which includes only the major pits, shows that the decrease in 
average sizes of the m apodials extends from pit 4 to pit 3 to pit 
13, with pits 77 and 61-67 occupying intervening, but not con
sistent, positions. 

California Institute of Technology, 
Division of the Geological Sciences, 
Contribution No. 397. 
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Bar diagram showing relative proportions of metapodials in Canis 
(Aenocyon) group, drawn to natural scale. Left manus and right pes 
are represented, diagramatically, using mean values for each met:apodial 
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PLATE 8 

Frequency distribution of lengths of metatarsals in Canis (Aenocyon) group 

34 


