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Introduction

Although many features of the Rancho lLa
Brea Pleistocene asphalt deposite are well known to every
student of paleontology, much material has remained virtually
untouched or has received very littls study since the time of
the exoavation. Thie is unfortunate, since the large numbers
of individuals of oaﬁm forms offer opportunities for faunal
studies rarely found when dealing with fossil collections. A
striking example is furnished by the remains of dire wolves
representing more than a thousand individuals.

The dominant canine species from Rancho la
Brea 1s Asnocyon dirus, but smaller forms are also identified,
namely the coyots (Canis orcutti) and the timber wolf (Canis

furlongl). The latter snimal is represented by eight skulls.
Little work has been done on the osseocus elements other than
skulls. YThe present paper presents the results of a study of
the fossll foot bones or getapodials in the Los Angsles County
Museum colleection that were originally segregated and identi-

fied as belonging to Asnocyon dirus.

This study was undértaken in an attempt to
identify skeletal elements of both the timber wolf and dire
wolf by a atatistical evaluation of all the large canid meta-

podials available. TWhether or not a satisfactory solution of



the problem has been reached, the accumulated data have
significance in other ways., Since ths number of timber
wolves, as established by a ready identification of their
skulls from the Pleistocene asphalt, is neglible in com-
parison to the overwhelming number of dire wolves, it is
possible to subject the material and data to statistiogl
analyses in order to determine the arithmetic mean and stan~
dard deviation in eige of the fossil metapodials, and the
standard errors of these quantities. It i3 likewise possible
to arrive at a rather accurate estimate of the average sigzes
of the eight kinds of metapodials (metacarpals and metatarsals
11, III, IV, V) of Asmocyon dirus from Bancho la Brea. These

results are presented in what follows in a series of bar graphs
and histograms. Lastly, infommation is presented for what it
is worth suggestive of differences in geologie age among the
collections of metapodiale derived from the several excavations
at Rancho La Brea.

Certain positive and negative features met
with in the pressnt investigation should receive comment. Thus,
the amount of material utilized is far greater than that usually
available to a paleontologist engaged in statistical studies. It
is assumed that only a single specie:‘ of dire wodf 1s present

in the Pleistocene asphalt, Jurthermore, the sample of bones



treated in the present statistical analysis is by no means
pure. It cannot be asserted, for example, that only fully
adult individuals are represented, although the obviously
immature bones have been excluded from the sample. Both
sexes are likewise representsd by the material. Iastly, as
suggested above, it 1z dy no means certaian that all the meta-

podlals come from exactly the same stage in Pleistooene time.

* Merriam described not only Canis dirus but also Canis
millerd from Rancho La Bres. The latter species iz now

regarded as not valid and has become synonymous with dirus.
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Procedure

Yor the purpose of this study, measure-
wents of the metapodials were confined only to the lengltu-
dinal dimensions. Care was taken to obtaln uniform orienta-
tion for each reading. While transverse measurements are
unquestionably desirable, the difficulties attendant upon
orientation to obtain this dimenaion and the limited time
available made 1t impracticable to measurs girith or thickness.
Special calipers with verniers were used. Readings were made
to the nearest tenth of a millimeter.

Ko attempt was made to reduce the total
nmunber of metapcdials to representative samples. It secmed
desirable to utilize as many specimens as were available, sinee
the unusually large number of each metapodial afforded an un~
precedented opportunity to obtaln the desired statistical data.

An average of 1300 individual elements for
each metacarpal and metatarsal, both right and left, were
measured and studied. Metacarpal I, becanse of its greatly
diminished sigze and distincily less frequent ocecurrence, was
cmitted, Thus, in all more them 20,000 bones of wolves from

Rancho lLa Bree were measured.
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Table 1

Means and Standard Deviations of Metapodials of Aenocyon dirus

_ Standard
Metapodial N v Mean Deviation
*

MC Il R 1163 77.04 .09 3.124 .5%5
" L 1219 77.23  ,09 3.202 .067
MC IIl R 1261 88.06 .10 3.644 .07
" 1229 88.06 .10 3.622 .073

MC IV R 1177 87.21 .11 3.614 ,O7
n L 1266 86.956 .10 3.493 .087
MC V R 1298 73,86 .08 3.216 .083
# L 1268 73.84 .09 3.290 .066

* t
MT II R 1281 83.40 .10 3.411 .068
. L 1266 83.33 .10 3.444 069
MT IIZ R 1283 94.05 .11 3.784 075
¥ L 1249 83,96 .11 3.8850 .0mM
NT IVR 1239 96,33 .11 3.928 .079
# L 1220 96.17 .11 3.796 .0%7
T VY3 1088 88.08 .11 3.811 ,07%
" L 1136 88.08 .10 3.496 .073

* Number
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Table 11

FREQUENCY DISTRIBUTION METATARSAL II - Bight

Caz., Los sngeles County Museum Excavation Nos.
Size Total 0 3 4 13 61 67 20 B7 16 B0 77 2 91 9 mr S0 37 3610 6
7.1 0
7.2 2 1 1
7.3 0
7.4 1l 1l
7.5 5 1 1 2 1l
7.6 10 3 2 2 1 1l
7.7 20 7 1 6 2 2 1 1l
7.8 45 119 2 10 4 l 4 1l
7.9 67 3 26 2 15 10 6 1 3 1
8.0 109 4 33 13 26 9 9 3 10 2
8.1 107 § 3 13 19 14 10 2 5 i 1
8.2 160 3 82 17 22 20 13 il 1 14 4 1
8.3 130 3 48 22 12 11 10 & 4 12 kA 1 1
8.4 110 3 40 20 14 11 1z 1l 1 7 1
8.6 166 9 63 27 10 14 19 6 3 10 2 1 1
8.6 86 1 31 2 3 9 1b 3 1 6 4 1l
8.7 80 27 14 1 11 14 i 2 9 1
B.8 66 2 20 13 6 4 12 6 3
8.9 29 3 13 1l 4 5 1 2
9.0 24 1l & ] 3 1 5 1 1l 1 1l
2.1 15 3 4 4 1 1 1 1l
8.2 2 1 , 1l
8.3 2 1 ) §
8.4 1l 1
9.5 1 1
9.6 1]
9,7 2 2
9.8 0
8.9 0
10.0 1 1

B
4
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Table 14

FEEQUENCY DISTRIBUTION METATARSAL IV - left

Cm. los Angeles County Musseum Excavation Nos.
Size Total O 3 4 13 61 67 20 57 16 60 77 2 91 9 1 90 37 36 10
8.3 1 1

8.4 0

8.6 ¢

8.6 2 1 b &

8.7 5 4 1

8.8 9 1 2 2 1 2 1

8.9 24 1 10 2 4 1 1 3 1 1
9.0 41 7 12 2 6 4 4 1 6 ‘
9.1 83 1 22 6 1l 1 5 1 3 2 1
9.2 70 2 33 3 13 4 9 5 1 _

9.3 88 3 A 11 14 8 12 1 & 1 1

9.4 107 7 38 g 20 10 9 4 2 7

8.5 129 5 45 24 10 14 14 2 2 10 2 1
9.6 138 2 43 27 14 18 13 1 5 3 10 2 1 1

9.7 114 38 18 11 16 13 1 4 10 2 1

9.8 112 1 37 26 9 5 19 1 1 12 1

9.9 86 2 27 18 4 10 9 2 1 9 3 1

10.0 82 27 16 4 7 16 1 8 3

10.1 58 2 13 17 9 ? 2 B 2 1

10.2 45 15 18 3 2 5 1 1

10.3 22 1 5 9 2 1l 2 1 1

10.4 15 ) 5 1 2 1 1

10.6 8 _ 3 2 1 1 1

10.6 8 2 1 1 1 2 1

10.7 1 1

10.8 0

10.9 1 1

11.5 1 1

1220
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FREQUENCY DISTRIBUTION METATARSAL IV - Right

Los Angeles County Museum Excavation Nos,
_Total 0 3 4 13 61 67 20 67 16 60 77 2 91 9 1 90 37 36 10

mable 15

LOWODOVWOUODYWODR»®OEODE

£ bt gt b
LEs
PN OWRIOGAP O WO PG

[
(o)

1 1
1 1
1 1
3 3
b 1 1 2 1
14 6 1 2 2 1 1 1
21 2 6 3 9 1
39 4 14 4 7 2 5 1 1 1
43 i 17 1 11 3 & 1 1 2 1
72 - 36 5 15 3 5 3 3 2
92 l1 3 1o 18 9 9 1l 9
99 3 42 12 17 7 12 1l 1 2 2
132 1 47 118 2 14 22 2 4 3
114 2 49 17 10 16 12 g 1
124 3 45 20 13 11 18 1l 1l ¢ 3
139 3 50 24 14 2 17 5 2 8 3 1
86 2 26 27 4 10 4 1 i 2 6 2
7B 21 18 6 7 16 1 3 3
60 2 18 15 2 5 9 1 6 1 1
40 10 1 4 5 6 1 1 1
31 100 7 1 4 3 2 1 3
27 2 3 6 3 4 4 1 1 3
14 7 5 1 1
4 1 1 1 1
o
1 i
0
1 1
0
1 1

1239
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Table 17

FREQUENCY DISTRIBUTION METATARSAL V - Right

Cm. Los Angeles County Museum Excavation Nos. .
Sige Total O 3 4 13 61 €67 20 57 16 60 M 2 81 9 1 9 37 36 10
7.8 2 1 1

7.9 2 1 l

8.0 12 4 2 8 1

8.1 13 1l 6 1 2 1 1 1

B.2 25 3 1 1 7 2 3

8.3 46 1 18 4 7 4 4 5

8.4 57 1 18 10 15 4 5 1 2 1

8.6 104 2 40 13 22 10 B 1 1l K4 1
8.6 98 2 43 17 10 9 10 1 3 1 1 1

8.7 118 3 38 20 12 9 18 3 3 10 2

8.8 127 4 48 15 8 15 18 1 4 1 3

8.9 99 3 38 12 11 7 13 2 1 11 1

9.0 123 7 43 16 6 16 16 2 3 g 4 1l

9.1 89 1 29 23 4 8 12 2 7 3

9.2 73 1 22 18 2 13 g 1 1l 4 2

9.3 37 2 10 9 1 4 b 1 4 1
9.4 31 1 13 6 2 1 b 1 2

9.5 16 4 4 3 1 1

9.6 6 2 2 1 1

9.7 6 2 3 1

9.8 2 2

9.9 0
10.0 1 1
10.1 0
10,2 1 1

1088



Piscussion of Stutisticzl Results

Although the largest speci-
meng 1k the seversl series of met#carpals and metatsrsals lie
outside the expected limits of variation in length from the
mesn of the pertioular serles measured, there is as yet ro
definite proof that they represent the timber wolf. It seems
likely, however, thet the largest metapodials, a8 well as a
few of the longer bones within the normal distribution of

measurements represent forms differing from Asnocyon dirus.

A graphical rerresentation of the frequency distribution of
the measurements of length of the dire wolf metupodizls (see
graph, flgure 1) certainly sugzests this, and it seems to be
confirmed by the calculated standard deviation.

It is interesting toc note
that acoording to Merriam (1912, p. 239) #“The netatarsals
like the metscarpals, are relatively somewhat shorter in the

average svecimen of C. dirus than in C. pambasileus, though

large specimens are present which exceed the l:argest measure-
ments known in the latter form.? It is not now known how many
specimens of the modern timber wolf were actually used by
Merrism as a basis for this atatement, but the assumption is

that the number was not great.
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cally snd mumerically the average sizes of metacarpals end
metatarsals of Aenocyon dirus, based upon approximately 1300
individuals of sach element. It will be noted that sach par-
ticular m:tn;w!m in the mamus is shorter than the comparsble
element in the pes. The third metapodial is lomger than the
fourth, and the second is longer than the f1fth, in the manus;
the reverse ﬁn&iuonfa prevall in the pes. The only element
in the series dot nmd is metecarpal I.

! 8. = (urves showing the frequency

distribution of the measurement of length of the metacarpals
and metatarsads of the dire wolf are shown in figures 2 to 9.
In analyzing these data the statistical formulae indicated by
Simpson and Roe (1939) were utilized. Thus to obtain the stan-
dard deviation of the measurement in length for each metapodial
the following equation was employed:

i

Writing thie without the use of mathematical symbols the squation

can be expressed as follows: The standard deviation 1s squal %o
the square root of the sum of the squares of the individusl
variations from the mean divided by the mumber of observations.
The standard deviationg are gilven in table 1.



In connection with this
saleulation it was desirable to ascertaln also the Stendard
Error of the Standard Deviation. This wae derived from the

following equation:

l{ ¥ . "
‘: ‘- a0 .._..4__,.,.::‘,“,,.,.0-:.,. v D "n‘ "‘] t’:, "“'1 l A,“ ‘n;: ¥ i"*}'
& i ¥ — OS— ¥ ) . LA™ ~u % ¢
1 d

It was alse desirable to aseertaln the Standaxd Error of the
Moan., This was derived from the following equation:

- - FE il
. - G
L t ] ‘M «::: P mww:m&
L
LY

These quantitiee have been determined for the metacarpals and
metatarsale of the dire wolf and are given in table 18.

count and measurement data has given rise to interesting

suggestions as to the relative ages of some of the excavations
nale by the lLos Angeles County Museum at Rancho le Brea.
AMmest without exception the larger metapodiale of the dire
wolf occur in Pit 4, whersas smaller metapodials seem to be
concentrated in Pit 13, The cross-over point in size falls
invariably on or very close to the caleulated and graphieal
mean of the surve showing size distridution. The average
lengths of the metapodials from Pit 3 were likewise less than



those of the elements from fit 4, although these differences
were not 80 well marked as in the series from Pit 13. In this
connection it is interesting to note that the largest number
of metapodials recorded from the individual exeavations at
Rancho La Brea occurred in Pit 3. An inspection of the histo-
grams (figures 10 and 11) shows the decrease in average sizes
of the metapodials extends from Pit 4 to Pit 3 to Pit 13, with
Pits 77 and 6167 occupying intervening positions.

In conneetion with these
statistical data it appears of significance that Howard and
Miller (1939, p. 45) and De May (1945, p. 74) call attertion
to the occurrence of a larger percentage of extinet species of
individuals in Pit 4 than in Pit 3. These investigators zlso
note that while a larger vpercentage of condors and eagles occur
in Pit 4 than in Pit 3, there 48 a larger percentage of hawks,
owls, and falcons in Pit 3 than in Pit 4. In other words, &
conclusion is reached that the astemblage from Pit 4 is zlder
than that from Pit 3 as indicated by the presence of o zreater
number of extinct forms, larger number of large raptors and by
a smaller number of the smaller raptors in Pit 4 than in Pit C.
These observations would seem to support the concluslon by a

review of the statistical data on dire wolf metapodials.
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