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ABSTRACT. — Associated bones of Cants
{Aenocyon) dirus were rccovered irom
Powder Mill Creek Cave jn Shannon
County, Misgourl, Radiocarben-.lests of
tiie hones glve an age of 13,170 = 600

years B.P. The dimensions of the bones

indicate that this mdiwdual had limb

and foot proportions similar to ‘those of,

present day wolves and to the large dire
wolyes rather than the short forearm,
ghank and feet so characteristic of the
smaller specimens found at Ranche La
Brea and assigned to thia species. A

degeription of Powder Mill Creek Cave

" and the site of discovery is presented.

In the late fall of 1963, membery
~of the Marion, Ilinois,
-Post 256 (Boy Seouts of America)
discovered several parts of the skele-
ton of a Dire Wolf, Conis (deno-
" eyon)dirus Leidy, in Tower Mill
Creek Cave on IPowder Mill Creek
in the NE34 SWi4 part of Sec. 8,
T. 20N, R. 2W., Shannen County,
Migsouri.

. After all of the available parts

were collected, the ribg were used
for a raidocarbon test and the re-
mainder of the material was cata-
logued under No. P-429 in the Ver-
tebrate Paleontological
Collection in' the Zoology Depart:
‘ment of Soutliern Illinois Univer-
sity. '
The opportunity to observe Pow-
der Mill Creck Cave during a period
of extreme drought induces me to

present more information on the -

cave than otherwise would be done.

POWDER MH‘ . UREEK CA\?‘E'

111 the part of Shannon County
where this cave iz located, the ex-

posed geological section conslsts of

Explorer

Regearch

more than 200 feet of Eminenee Dol-
omite (Lower Ordovician) overlain
by 15 feet of Gunter Sandstone, and
capped. by the ¥ an Buren and Gas-
conade Dolomites. The main chan-
nel of the cave is cut in the Emi-
nence Dwolomite, .In the farther
reachey of the cave, ereviees extend
upward through the Gunter Sand- -

-gtone and into the overlvmw dolo-

ml’tes
The entrance {(properly—the
exit?) to Powder Mill Creek Cave -
is located on the east side of the
300-foot ridge that lies, loeally, be-
tween the Current River and Pow-
der Mill Creek. The cave cxtends,
esgentially, in 4 north-south direc-
tion {Fip 1) It is a wel eave.
Before the recent drop in water
level, the proviously known part of
the cave could best be explored by
nsing & eanoe. Bridge (1930, p. 49
estimated the flow of water in fhe
cave to be 2%4 million gallons a day,
and Beckman and Hinchey (1944,
70¥ reported the flow [named
(/ove Spring. for some reason] to be
2 890,000 gallons per day in Novem-

'bm, 1942, Such- was the situation

in 1961. By Janunary of 1964, only -

& trickle of water issued from the

cave and I was able to walk through
the. heretofore lknown part of the’
main channel, passing over shallows,

gravol and sandbars, and gkirting
or wading the larger - pools, Pre-
sumably, this decrease in the amonnt
of water issuing from the cave ean -
be attributed to the current drought
in the Muldh, West,
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Fieuse 1.—Map'. of Powder MiIl Oreek Cave, Owls Bend,: Shannon County,
Missouri. Inset miap, adapted irom the Eminence Quadrangle, United States. Geo-
logleal Survey, of area northeast of Owls Bend ‘shows. location of Powder Mill
Cresk Cave. Lower star marks position of entrance in NE 14 of SW 14 of Sec. 9;
T20N, R2W,. Together, the. stars mark thé approximate position of the part of the
¢ave that has been mapped. Map prepared by Cartographic Office, Southern Illineis .
University, : :
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' Bridge (1930, p. 44) and DBretz
(1956, p. 446} described the cave as
“gmall.” WHen eompared to caves

in Missouri that have large  open .

rooms, this description is just, -On
the other hand, the temporary low
level of the stream in the main chan-

- nel makes accessible passages -that

sives o length. that can be matched
by but few caves in Missouri, In
Apri), 1964, the Marion -Explorers
and T, uging a 300 foot steel tape,
obtained a measured distance of
5082 feet plus an estimated addi-
tional length that would not exceed
300 yards. Without question, the
cave is more than a mile long. The
measured distances in the cave may
be gromped as follows: from en-

. tranee to the beginning of a long

(290 ft.) and low (2-3 ft.} horizon-
tal crawlway, 4065 fi.; from the he-
ginning of the erawlway tv a areviee:
{hereafter referred to as the “‘wolf
creviee’?, Fig. 1), 1017 ft.; from the
wolf erevice onward in the main
channel, which reduces rapidly in
size and is passable by erawling and
swimming, not more than 200 yds.
It iy possible. to elimb and walk cast:

" ward and northward through wolf
_ereviee and an area of honeycombed

parent rock for an cstimated several
hundred yards. ' :
I think the ‘‘spring in the cave’’
referred to by Bridges (1930, p. 44)
was the 214 million gallons of water
boiling out of the crawlway and
marked the end of the cave at that
fime: :
- For the most part, the main-chan
nel is broad and tunnel-like with
sponge-work, wall and ceiling pock-
ets (some filled .with red elay), and

a relatively flat or rounded ceiling.
. Cave “‘formations’’ are present, of

course, including some remarkable
examplos of helicites. Two elevated
pessages lead away {rom and back
to the main channel. The only cross
passage is wolf erevice and its mate
on the opposite side of the main

passage. This cross passage, an- ob-

vious produet of joint solution, has
a rather high, large dome at its
junetion with the main passage. The

‘western part of this cross passage

contains much of the red clay that
Bretz (1956, p. 12) regards as a
significant. teatnre found in the de-
velopmental history of Ozark caves.
A massive slump and collapse of the
roof hag.blocked this passage. DPossi-
bly it once joincd the passage that
leads north from the outer end of
the crawlway. _

Upon entering the “ wolf creviee’’
one climbs up into a narrow, clon-
gate, high (or distressingly deep

~when it is necessary to ecreep -with

a foot on each wall to pasg some
cavity) erevice and over or through
honeycombed pareng rock. The crev-
ice might be deseribed as a vertical,
elongate maze 50 to 75 feet high and.
varying in width from inches to
many- feet, thus being wide or nar-
row at various levels. Complete and
incomplete bridges cross from wall
to wall, and, at places, the dissection
of the parent rock resembles a mas-
give honeyeomb, Great masses of red
clay cling to some walls of the erev-

- ice. :

Red elay deposits, rubble and silt
fills, and cave formations contribute
to a tendemcy to distinguish levels
in wolf ereviee according to the abil-
ity of the observer to move through
the passageway. Thus diseontinuous
Jevels are present and one elimbs up
or down to a level more conducive

.
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to progress. Subsequent to the dep-
osition of the réd- clay the crevice
has undergone  alteration by. re-

peated .cycles of cut and fill. by

vadose streams.

. The site where the bones Aere.

found offers an example of the re-

peated cyelis of deposition and abra-

sion that tovk place after the crevice
wag Tormed In the parent rock. Ex-
‘tending from wall to wall of the
crevice (Fig,-

eroded Gunter bandstone, sands,

u]‘rﬁ _tl':l lrments n'f stdlaetlte.% bat

fect  Fornfed a “brldce” ‘aeross the
crevie inasmuch ‘as.it now arches
over a channcl that is open both
““upstream and downstream.’” A
remnant of coarse rubble-fill elings

to one wall of the. erevice helow .
this arch. Some of this rubble bears -

4 striking resemblanee fo the char-
acteristic gra'\-'el of the Ogark
‘streams;
The mndstone that forms the
bridge seems to be a solid single
“ plece geross the downstream gide of
the arch, although it is dissected in
the area where the hones reposed.
Consequently, this reliet ‘‘bridge’’
is, in part, a true bridge of parent

rock. In all respeets the rock appears

to be typical Gunter Sandstone, The
aseent. of the cave passage is rela-
tively regular and certainly is great
enough to reach the Gunter. None-
theless, as preséntly mapped, the
position of the cave 'in rela-
tion to the surface topography re-
quires that theé passage go under
a small valley and to the area where

2-3) is amass of well-

GUNTER $S
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.the Gunter Sandstone has not heen

removed by erosion, The cave reach-

ex that area but not by a margin

that precludes a guostion of doubt
or more investigation. -
The gequence of events at the site
séem to be as follows: _
1. Formation of the erevice with

the Gunter ‘Sandstone remaining as.

a brldﬂ‘e, probably but not neces-
sarily 4n its preqent eroded condi-
tmn

*kn -gpoch of red (,lay ﬁll in-

'_’tprrcd_ from ovidence of clay in
‘other patts of the crevige,

i

e A
.“"ﬁl il

WALL OF -0 '
- RUBBLE % ?

Figurg 2. — Diagrammatic cross-gec-
tion of *wolf-crevice” in Powder Mill
Creek Cave at the slte where the dire
walf was buried, showing the bridge of
Gunter Sandstone and uncemented. red.
gilt containing free - bones and bones
cemented to -the sandstone, chunks of
cemented sandy ailt contalning  bat
boner, and fragments of stalactites.
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i Trevaccfions [nms Avadeny of Sefenes

Fierns & —Photopraph maids bv Be, RHobert Bloakensklp of eike dloring axcava-

Liog of the dive walf skelelon.

rrivntalion 12 eszentially the sumne ws that o Figura

% The inevignal to the Loreground (with bodk to omeoecra) s peering inle o
chanael below the bridgs: iha individual nol w=aring W helmwet b5 kneeliog
the "downsiream” edge of the hrides. Chest of ratund Individusl wiks B3e fpEEc
ohlterntcs wow of oron whars et of the bDones worns TR |

3. Benwoval of vec elay in, ac least,
ihe jmmedints area of the breudpe.

4. Uncetermined numlae of oF
ales of abrusien and Japesition with
the relic maess of rabole nnder the
arely being part of one of the oroles

5. Fillive of the erevier e the
level of the sandstone bridge =0 U
g srrear of vadese woter sonld cavey
and lodee the skeleton, debrls, and
ailt i the honewvenmhbed and basied
midsection of the wridse

6. 1Lypotl ticnl  perial swhaerein
the wecpmulation of silts may have
continue], eoverinmge  Uoe bopres, ok
soppoed.  leaving  the  uppertacet
banes exposad g3 ther were at the
time of diasorery.

7. Remeowal of che fl, if any, Trom
over  Lhe sheleton ; removal nd the

fill. whatever it wans  from  ander

the Bridge; and vemaval af enoewsh
af the Hoor of the charne] npskrean
from the bridme to meform a pas-
gage under the bridge.

The marphclogy ol Powder B
Oecels Uave well figs Brete’s o
pept. of caves. ' Thus Brelz has ar
pried (1942 1950, 195861 Lhat many
phreatic cuves may hive had threa
cpochs, the are in owhich e eave
developed by aolution, the eloyv-fll
epach. and the oae in which the fall
of the water sube drained the eave,
During  the third  epech,  vadose
streprn: romaved part of the olay
and vadeae dripwater began ceplen
phanend, ' {PBreiz and Heeris, IHEL,
po 183, Brate (1B56, p. 160 listed =ix
featnres of a cave that he regarded
an criteria fov idontifviag o eove
Forrned helow  the water  table—u
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~ phreatic_cave. Of the.six features;
Powder Mill Creek Cave has sponge-
work, wall and Teeiling’ pockets,
honeyeomb structure and bridges.
T cannot egmment with authority on
bedding and joint plane anastomoses

or joint determined wall and ceiling-

cavities in this eave. I do think the
rare side passages can be regarded
as contributing to an ineipient net-
work pattein. The presence of- red
clay testifies to-the existence of the
second. epoch. In the cave’s history.
The third epoch, characterized- by
_ thé ‘action of vadose dripwater and
vadose streatus iy evident, - =y

I do. not resard - P(mdur h\[lll.

Lr(l(lk Llave fo be an isclated nnit.

Rather; T think it is one segment of

.o system of caverns of horizontal
and vertical extent in this avea of
northeastern Shannon County. The
presence of other caves in the area
and thé presence of Blue Spring,
approximately two miles south-gouth-
east of Powder  Mill Creck Cave
- .make an interesting combination of
““posgibilities’’ that offers credence
to such a supposition. In fact, these
observations, at this time, would fit
the diagram of a typical cave system

presented by DBrétz and Harris
(1961, Mig. 1). .
Subsequent 16 - writing these

words, I was pleased to disecover

that Bridge (1930, p. 40-41) re-

garded DBlue Spring as the outlet
for . subterranean ‘drainage in the
northwost-southeast . irough of a
shallow, sharply asymmetrical syn-
eline and the gently dipping beds
that lead to this trough from the

Logan Creek drainape system six

railes to the northeaa,t Thls coneclu-
gion was based.on the correlation of
. the ﬂ_ow from Blue_ Spring  with
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rainfail that draing into numerbus-'

,amks in the upper part of the Lo-
man Ureek.

. At present, only one entrance is
known to the cave, but air currents
have been noted in the parts of the
eave beyond the site where the dire
wolf was found and frekh raceoon
tracks ‘have been found in the eross
bassage.” For reasons to be consid-
ered below, a high entrance or en-
trances mmt have existed in Pleisto-
cene fimes..

Discevery AND RECOVERY
¢+ oF i Worr
© Powder Mill Creek Cave has been
the object of exploration by the

Marion Explorers for several years,
: As the water level in the main chan-

nel continued to drop during the
early winter of 1963, the crawlway
became free enough of water to al-
low passage into heretofore unvis-
ited parts of the cave. The skeleton
of the dire wolf was found by the
Marion Explorers during their first
visit into wolf erevice. . After & sec-
ond visit, the. Sconts had recovercd
in vomplete or damaged condifion
all but thirteen of the parts listed
in Table 1. This was evidence that
compelled me to visit the site. _
As has alteady been described,
the skeleton was buried and- subse-
guently exposed in sueh a way that
it was possible to excavate for bones
from ahove, below, and at the up-
stream end of the bridge. The evi-
dence at hand sugg%ts that -the

hones were trapped in the eroded

pockets and channel in the Guntér
Sandstone and surrounded by red
silt. Subseguent to deposition, some
of the bonés were cemented fo the
sandstone,
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Tamrim 1.— Parts of the Skeleton of

Canis (Aenveyon) dirus (No. P-429, 8.
Powder Will -

I. U.} Recovered from'
Creek Cave in Shannon County, Missouri.

fragments with ¥-, M-, and

Right jaw:
M, .

Left jaw: fragmeénts with € (dam-

aged), M,, M,, and alveolus of M;
Atlag: damaged : .
CAxis:  slightly damaged

Cervical veriebrae No, 3, 4, 5, 8, 7o~
~ alightly damiaged . "
Thoracic vertebra No. ?5: damaged

Ribs: fragments ol several, mosi of
which were used for a detprmlnatmn
of the age

Sternum: one segment

Scapula:

Humerus:
and

Tna:
2EB

Rading:

Metacarpals:

~left Vo

Magnum (os eapitatum):

Pisiform: right

Tnneminate: right, lacks blade of {lium

Femmur: Right and lelf

Tibia® left, slightly damaged
right

Fibula: left, proximal half

(laleansum: left

Astragulug: left

Cuboid: left

Navicular: left

right damaged; left, distal
right, lacks tip of 'ole'crano_n proe-

rlg,ht and left
right 1T, III IV, and V;

I‘l{.‘,’ht

an'd

Metatarzals: left TIIV (proximal end),

and V
Proximal phal‘mgcq
Medial phalanges:. five
Distal phalanx; one
Plantar sesamoid bones:

qoven

four

I jndge that the bones of the dire
wolf were carried into the trap
formed by the sandstone before they
were complotely disassoelated. Al
theugh in disarray, the parts showed
a gencral orientation that placed
the rump of the animal upstream.
Parts of the right hind leg were
reasonably well-agsociated so ag to
suggest that they were bound to-
gother by shreds of tissue when
buried. ‘I'he left humerus and pelvis
woere broken at the time of burlal

fragments of right and left

.sable.

~ specimen,
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and-were among the few hones to

‘be damaged prior to exeavation. Not

a fragment of bone was recovered
that eould be a part of the skull. T
am sure the lower jaws werc com-
plete, when buried, inasmuch as all
the recovered fragments show new
fracture surfaces; but a most dili-
gent; search failed to yield the miss-

ing fragments. A Scout is neat, and

it is my dnty to report that these
Sconts - kept a neat eave. They
dumped the tailings of their dig gging

_down g hole! .
The evidence of the site and the

skeleton suggest to me that the wolf
came from  ‘‘upstream’’ and was
swept to Its place of lodgement.
Thig, In turn, suggests that there
was a flow of water in the cvevice,

and that the main channel had a

eood water supply and was not pas-
If sueh were so, then I pre-
gome the wolf entered the cave by
some entrance located high above
gnd far from the present known
opening.

1 cannot resist reviewing the eir-
cumstances to which we owe the
preservation of this remarkable
To have a goodly part
of one dire wolf trapped, to have the
segment of fill bearing the bones
preserved as it was, and to discover
the otherwise 11naeeess1b]e site -dur-
ing g period of drought seems to be

lar ‘beyond the- 1‘easona,b]e expecta- :

IlOIl‘w of .eoincidence.

AgE 0P THE BonNks

The ladiocarbon ag’(, ‘determina-
tion of these bones, 13170 + 600
years, was made by’ Greoc_h.ron Labo-
ratories, Cambridge. This age deter-
mination iz roughly a thousarnd

‘years less than the possible dates
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1‘ep0_rted by Heward (1960} for pit
3 at Rancho La Brea. Assuming

that the age of the dire wolf bones’
in pit-3 bear a relationship to the:
age of the trée and tar samples that. .

provided the dates, I would regard
the Missouri dire wolf to be essen-
tiall¥ econtemporanecus -{paleonto-
logically speaking)
wolves of pit. 3.

DrmscrIFTION 0F TIIE IoNES

The knewn skeletal parts of this

specimen of Comits dirus resemble
those parts of Canus lupus in many

features.
tional differences in size of individ-

-signed te €. Iupus.

with the dire’

Were it not for propor-

ual bones when - associated together,
one would be hard put 1o prove

that the skeleton should not be as
Differences in
the post-cranial skeleton, -other than
proportional - dlﬂ'eren{'es, that do
exist may or may not he significant,
and I question which of such differ-
enees eould be aftributed to being

~a different species. Nonethless, the

followinp features are reecrded.

Size. — Table 2 presents the di-
mensions of the bones of this indivi-
dual.

TAERLE 2.—Dimengion {in mm)} of Parts of the Skeleton of Conis fAenocyon}
dirus, No. P-249, Department of Zoology, Sowthern Illinois University. Excépt where
noted, the measurements. are parallél to or perbendicular to a plane of orientation,
an axig of the bone, or an axis of the strueturé named. Measurements marked -

“sat.” involve cemented parts or are made from g center line to one side.

) o ) Atlas .
Length; planc of trans. processes horizontal........... ... e . . 580
Width (est.} .1..... e e e e e B 13.8-
) Ax:s . : C

Heaight of axis, plane of post. articular surface of centrum per- g

PenAICIIAr L.t e e e 62.0
Length of nenral arch; plane of post. articular surface of ventrum

DETPEnAlClIar L. e e . -T40
Length of neural arch’ regardlesg of orientation........ e 4.0
Width ot neural arch at post. end (est.). ..ot iea . . 46
Length of centrum from tip of odontoid process Lo post, artlcular_ : )
*gurface of centrum: ‘plane of post. articular surface perpendicular 73.0
Length of centrum from tip of odontoid process to post. end of cen- .

- trum regardless of orientation..................... P 740
Width of ant. articular surface of centrym (est.y. ... e 44.0
Height of post. articular surface of dentrum {est.).............. 19.5
Width of post. articular surface of centrum. ....... e 3.1
Width of trans. processes ........... e e 55.4

Third Cer‘wcal Vertebra: _
Height of vertebra, platie. of post. articular surface of cenL:um per-
Pen et o - e e e e i : T ER5

Length of neural arc,h plane of post, artlcular surtface of cantrum
perpendicular ™~ Ll e I e
Length of neural arch regardless of o;rlentatwn .................. .

Greatest width of neural arch. ... . 0 i e e e '

“’;d_th Of neural ar¢h At ant. zygapophyses. . o oo iue.. e
Width of neural arch af posi. zyzapophyses..... .. .ot
Length of centrum; plane of post. articular surface of centrum per-

peudlcula.r
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Fourth Cervical Ver‘tebra

nght of yertebra: plane of post. articular surface of centrum per-

L=y 4 L4513 S NN

Length of neural arch; plane of post. articular surface of eentrum.

perpéndicnlar ...... .. i iei e i e P
Length of neural arch regardless of orientation..... ......... P
Width of neural arch at ant. zygapophyses. .. .....ov i ninenaas.
Width of neural atch at Post, ZFEADODNFS5. -« ce vt e rnierraarrnns
Tength of centrum; plane of post. articular surface of centrum per—

pendichlar ... ... e s et i et s
Height of ant. articilar surface of centrom. ....... P .
Width of ant. articular surface of centrum..... s e
. Height of post, articular surface of centrum.......................

" Width of posl, articular surface of centrum....... e a et .
Width of trang. processes .o ..oy e N .

. Fifth Cervical Vertebra
nght of vertebra plane of post arhcular surface of centrum ber-

Wldth of neunral arch at ant. zygapophyses ...... PN )
Width of neural arch at post. ZyZapoDnlyses. v .eevr e cvnnnnnenn . .
Length of centrum; plane of post. articular surface of rentrum per-
pendicular ..... e e e eaeea et PO .
Height of ant. artieular surface of centrum..... e v
Width of ant. articular surface of cenfrum......ovvviirivieirenans B
Height of post. articular surface of centrumi........coivivevvereinns
Width of pest. articular surface of centrum. .. ... ... .l e iuan
Width of trans. processes..... bt atareeaar e, e

Sixth GCervical Vertehra

Length of neural arch; plane.of poat articular surtace of centlum"

PArDendicular ... v i e it e e PPN
Length of neural arch regardless of orientatfon. ...
Width of neural arch at ant. Zygapobphyses........... e
Width of neural arch at post. zygapophyses (est.}. ... .............
Length of centrum; plane of post. articular surface of centrum per-

LTI L et 1 F2c o A U U NG .

Height of ant. articular gurface of centi‘um. e
Width of ant. articular surface of centrum............ e ..
Height of post: articular surface of centrum...... e
Width of post. articular surface of centrum. ... vl .
Width of trans. processes (st ... i i iii e i i e e .

Seventh Cervical Vertebra

Length of neural arch; plane of post. articular surface of centrum

=1 125 1L a1 1 1
Length of neural arch regarﬂ]ess of orlelltatlon ...................
Width of neural arch at ant. zygapophyses. ... . PP e )
Width of neurél arch at post. ygapophyses (est ) S
Height of post. articnlar surface of centrum. oiveeeiiu. oy ewsaan M
Wiitth of post. articular surface of centrum. T,
Width of trans. processes (est). o voveini i e e

Fifth Thor‘aclc Vertebra

" (Greatest width of Neural Arcll ....eveveviovernrenennennens el

Width of articular Surface of ant. ZYEapophysed ... oot i s

Width of articular surface of post. Z¥EapOPRFEES. (v v hvennn. ! .
Length of centrum; plane of post. articular surface of eentrum per-

PerpBIdiCUlAL . .ouvt it v inrnriass s as et b e
Height of ant. articular surface of eentrum..............covianen

SN 1D P e P
Y

59.04

59.7
57.8
a0.0
45.0-

36.0
18.8

- 264

23.6
29.1
T0.0

68.0

50.0
b1.0
51T

N L
(=R N e N -]

43.04-
42,84
48.1
44.0

21.1
21.0
221
23.9
96.3.
62.9

o

.Hm
5o
o b

st

26.2
20.5

A ik e b i L
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Width of ant. articular surface of centrum...... e

Height of post. articular surface of centrum........ PRI Pxaan

Width of post, articular surface of cenfrum................-.. P
CWidth of ant. demifacets ... ... .o s e raaeen e .

Width of powrt. demifacets......... e NP

' sSternebral Element

Length ...... e ey [P

Diepth at midpoint ,........ [ . e raa e PR .

Transg. width at midpolnt. ...l T

Pelvic Girdle

Orleuta.tlon vant. surface of symphysis horizontal, A -
Length from ant. edge of pubic symphysis to post. end of 1schmm. .

Distance between dorsal edges of acetabular, lips {est | P
Vertlcal diameter of dcetabular cup. -, ... oo i tai i e
. Teeth Left
P-, -——-Ms, length T e v e IS SR S
(‘(Iower}, anteropoat diameter at hase of enamel . . 1R.0
C(lower); trang. width at base of enamel {est. ) e e ae i 118
" P-, anteropost. length ...... P et et ey R
P, trang. width .......... e earaa s T
M-, anteropost. length ........ ... ... 0000 e e 37
M-, trans. width ........ e et P S & X
M-; anteropost. length ............... e RPN . . 13.9
M-, trans. width ..... e e e e oo 1000
Lower Jaw .
Length, ant. end of ramus to middle of condyle (est, based on ratios
of dimensions of known parts to those of other specimens) .. 233.0
Depth at & point below the paracmud protoconid notch of ‘\I-1 to
~ midgoint of ventral surface of Jaw.. ... .. . e oo 35.9
Deplh al a point below the hypoconid of M- to mldpomt ‘'of ventral
auriace of Jaw ... .. e i ey 35.5
Thicknegs below protoconld of "\:1- ke e e 18.3
- Seapula _ :
Greatest anteropost. Qiameter 0f Read. «..vere e eienns e e AT
Greatest anteropost. diameter of glanoid fosﬂ,a“ i aes e 408
Greatest trans. width of glenoid £088a ... ... v i 28
Humerus _
Tangth (B85 . o it i it iin e EN e e
Anteropost, dldmetet of head ... . it PP e
Anteropost. diameter of shatt at midpoint............ oo ot
Transg., width of shafi at midpoint......... ...t [P
Trans, widih of distal end. ... .. .........0u.- N 56.2
Ulna
Length (B8L) ... i i it tna i arare s innnaaeaans e
Length from dist. end to prox hps of SGII‘J]].IJ‘DELI' notch. . ....... s
‘Least anteropost. diameter from dist, border of radial facet to prox -
lip of =emilnnar BOLCI - . vvvv vt iaanrrrrcnrrenes e
Trans, width at coronoid process ... -.oviievi el evenans
o Radius : )
- Length ... N S e R . 2380
Width of prox. end ....... ...l e et ... 318§

Width of-dist. end

119,
- 100.

329

Right

8BF

jury

— e
s - e

4897
40,0
29.4

2470

245
21.8
57.5

285.6
258.0

32.5
27.6

1235.0

313
41.9
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v ) M'etacarpal It .
Length ...........0ovvinn.... e nr e e
Depth of Prox, end .. ..uieuurenre e eernerar e, -
Width of prox. a.rt1cu1ar surface ......., e R .
Width of dist. artienlar surface ...... e as R
. Metacarpal 111
Length (est.; surface abraded) .......... et e tm et e e
‘Width of dist. articular surface ......... O T
] . ' Metacarpal IV
Length et e e e e e
Depth of Prox. end ....o.vvuveiennn... N
Width of prox. articular surface ......... e et e
Wid_th of dist. articular surface ....... e e
: ) Metacarpal V
L0 1 o 4 52,0
Depth of prox, end ................. e e e e 171+
Width of prox, articular surface .............. P ve.. 184
" Width of dist. articular surface ........ . .. .. i i 151
Maghum -
Proximodistal length ................. e )
Anteropost.. depth e r s e e e e
Width . ... oo iviaa, PO . e
. _ Pisiferm . .
Anteropost, Iength .. i v
Depth of prox. end; medial half of ulnar facet hor 1zcmtal .......... . .
Width of Prox. end orientation same ag above ..... . .. .. ...,
. Femur ) '
Length ......... . iiiieiinn.n. e L PN 270.0
Trang. width of prox. end ... .vvvivensann. e e 66.0
Anteropost. diameter of shaft at mldpoin’r ............... e 21.1
Trans. width of shaft at mldpomt ............. e ceeaeeaan. 213
Trang. width of dist. end ...,...,. e ity Peeaas
. , Tibia _
Length ... . ... i iiiiiiniinn. O S '
Anteropost, diameter at prox, end ...t N :
Trans. width at prox. end ................ e b
Trans, width at dist. end ............ .. ... et 36.5
Length of fibular sear ... ... . iviiiiiienan, P e 122.0
) Fibula ' . )
Length (eat.) ..o i i i, e e, . 2450 .
Anteropest. diameter of prox. end ............... P
Calcaneum
Ortentation: same as Figures 1-3, Galbreath, 1855,
Froximodistal lengih ... ... . 710
Medlolateral width .............. e ey r e e, 30.0
.Do!r_soplantar dgp_th e e e PR .. B2
. Astragalus -
E'rox1m0dlstal length ... v iiiiiiiiiaan. e . 415
Mediolateral width ..... e e e i ieaees 34.0
Deorgoplantar depth ......... ettt e ey 24.0
WIATh 0f BOAY vvrvrervririrsireniaeanneenn, P, 29.0
Width of tibular fzcet ............ P e e e aaa. 249
Trans. WiAth Of BEAA 1t u-:vrras et it tian e ransstaraeoenneeans 136
Dorsop‘lantar AeDth OF NEBd +.vert ot e inee e . 204

1

g -
S 0T e
i 5 =T R}

Pt — D
IRy
o e

=g
za =2
s

2700
G6.1
20,9
211

- BEA

265.0
63,4

26.0
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" Gubéid

Troximodistal length ... ... viiunnn, e itaciaaraaaan . 200
Mediolateral. width ............ e e, s 225
. D_araqplantar, depth . ... REETIRReTY e AP PP ee. 22 .g]__
' Nav'icular : '
Anteropost length ............ e PR e R
Createst height on, outer sur face e ie..o. 168
o : - - ~ "Metatarsal Ii o
Length .............cc.... e e eeienae. 908
Denth of prox. end ............. T PO
_Width of prox. articular gurface ....... e e P X |
Width of dist. a,rtwular surface .. ... e EELEERERE e 135

: : Metatarsal IV

‘Length (est. hased on ratios of. existmg parts cnmpared to O'ams
lupus hudsonicusy ...... freee e

‘Depth of prox. end .......... I

Width of prox. ariieular surface.

TLength .io....ioiiia i be it it e
Depth - of prox.: end e e e . s e
Width of prox, end including processes ............... [T 18.0
\Vldfh OE dlst altlcular surta,ce ........ e e, 126
Pr‘cmmal Phalanges 1 and 1V ' ) _
Length, ETEALEAL v v een et it e -38.5  a29:0°. 387 404
Widtl of prox, articnlar surface ........... PP . 140 135 135 138
MWidth of dist. articular surface ................ SEee 118 9.9 109
. ' Proxjrﬁal Phalanges Il'and V _
Langth, greatest ................ e e - %46 350 35T
Width of prox. artienlar surface ..... e IR . 3.5 12.7. 137
Widih of dist. ariicular surface ................ . . 114 103 113
 Medial Phalanges 11i and IV S
Length, greatedt ..o nveeir i nnnn. e . 286 292
Width of prox. artiewlar surlace ..:................ 123 119
Width nL dlS‘t arucular surface ...... ... . haia... 121 113
Medial Phalanges iiand V ) C
Length gleates’r ............. e i s 228 237 2zs
Width of prox. articular surfar?e ..... e [ PR 11.3 . 13.3 1.4
Widih of disgt. articular surface ...... ... 00000 L., : 106 11.8. 10.2
’ Distal Phalanyx S
Length, greatest ................. . e ) 27.2,
- Width at prox. end ...... PP e 111
Tepth at prnx end R R P R .- . ) 18.1
Iﬂdwadual Age. — The teeth are '-'rrowth on the phalanyz mcw ha‘i«e

well-worn ‘and all parts of all the limited the use of the one toe. Many .
bones are firmly fused. There is no bones bear roughenad eminences for
question that this skeleton is that muscle- attachments or contact 'with
of an adult female. - neighboring bones such “as’that be-

Disease. — The cuboid and onc _Lween the radius and wlna. These
proximal . phalanyx  show hony .. eminénces seem ldrwe and” exagger-
growths similar to exostosis. The ated when -compared to “_bones of
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Cands lupus, yet I cannot think that

they are indieative of disease.
Lower jaw awd teeth, — The pro-
served parts of the lower jaw are
massive. Unforfunately, the anterior
mental foramen is damaged and
there is no true indication of its size.
It does terminate under the anterior
root of P-g,
the postere-lingual side of 1°-; tends

6 scparate the posterior basal tuber- |

ele from the cingulum. However,

this separation has not extended to

the degree of foriming a noteh like
that deseribed for 'No. 10727 by
© Merriam (1912, p.. 230). Although

well worn, the metaconid of the firgt .

molar has one of the secondary tu-
bercles preserved that Mcerriam' (p.
230) regarded as common on the
molars of €. dirus. The M-; most
resembles the tooth depieted in fig-
ture 8 of Meeriam (1912).

At#las. ~— The lateral processes of
“the atlas are short and stubby, hav-
" ing a posterior border perpendicular
to the long  aixs something more

like that seen in Cands latrans. Of

the - features: listed. by Merriam

(1912, p. 235), this atlas Has the
large open transverse foramen pag-

sing “‘normally’’ through the blade,
and the transverse proecsses 1ot pro-
jecting far behind the postorior ends
of the facefs for articulation with
the axis. Omn, the othér hand, the
notehes on the anterior border of the
proeesses are deep, well-developed

and actually have spines extending

. toward the midline but not com-
pletely enclosing the space. An ad-

diticnal feature of ‘the transverse

foramen worthy of note is that the
medial border on the ventral side is
excavated thus making the nuntrient
foramcn that runs medial from the
canal, open and visible.

An ineipient groove on -

Trounsactions Illinois Academy of Science

Axis. — Merriam deseribed the
axig of €. dirus as near that of Clandy

"lupus in form, differing in certain -

proportions. The noteh on each side
of the spine and medial te the tu-
berogities above each posterior zypo-
pophysis is present. The dorsal

‘horder of the meural arch appears

to he more flattened than in some of
the axes from Rancho La Brea that
T have examined or that figured by
Merriam (1912, fig. 17). The root of
the odontoid process is wide thus,
when coupled with the relative
shortness . .of this structure, gn eg a
blunteéd, eomeal appedrance "to. the
process, The posterior end ol the
neural arch is bifurcated. The facets

for articulation with the atlas are

not bluntly rounded on the posterior
border but are extended upward and
posteriorly thus being comparable
with the patiern seen on the axis
of Canis latrans. '

Pelvis. — The pattern of the an-
terior horder of the pelvie canal is
like ' that scen inm Reeent fomale
wolves, and I do not doubt that this
spechmen is correctly sesxed. [lhe
pelves of individuals from Rancho
La Bres that I have examined are
(-qually easy to divide into those be-
longmo' to males or females: A fea-
ture of this and other female pelves
that I have seen is the recessed or
excavated area for the Obturator
infernus muscle that lies far poster-
ior to and medial to the borders of
the cobturator foramen. The depth
and extent of the excavation varies
in individuals, being -5 to 10 mm
deep, and having the borders liter-
ally overhanging the area of musecle
origin to a greater or lesser entent.

Radius. — The ulnar facet at the
distal end of the radius is short and
broad. The groove for the tendon of
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the Extensor ossis metacarpl pollicis
is as ‘well-marked as-some of- those
found on specimens from Rancho
La Brea. The anterior noteh in the
margin of the proximal end is deep.

Pisiform. — The lateral corner of
the proximal end of this bone pro-
jeéts anteriorly thps producing a
“‘hook’’ that fitted around the distal
end of the ulna.

Metacarpal II, — Merriam (1912,

P. 237) reasoned that the narrow-

ness of the medial facet of the sea-

pholunar bone in’ Canis dirws should -

be accompained by a transversely
narrow trapezoid and proximal end
on metacarpal 11, Such was not the
case in the Tancho Lia Brea speei-
mens. or in this specimen from Mis-
souri. The head of metacarpal II
is relatively wider than that of (.
lupus hudsonicus. I am inclined to
think that this is a problem involv-

ing the size of the individual as well -

ag width and depth of the bone.
Femur., — The medial horder of

the linea aspera is weak. Insofar -

as. I can ageertan, this is a variable
character, The medial crest horder-
. ing the patellar groove is greatly
enlarged and projects anteriorly far
bevond the lateral crest. ‘The

greater trochanter is similar to the
average condition seen in most of

such known bones.

Metatarsal IV. — The arficular
tubercle on the medial side of the
proximal end of metatarsal IV is
ag large as that seen on similar bones
from Rancho La Brea. However,
unlike the round, huommocklike,
medially dirceted facet seen horm-
. ally, only the dorsal surface bears an
articular area. Buch a eondition ap-
pears to be infermediate between
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the strueture.sien on (“’ éu,pus and
C. dirus.
Metatarsal V. — The lateral prox-

“imal process of metatarsal V is well-

developed hére as in Rancho La
Brea specimens. On the ventral side
only a very weak groove separates
this process from the process hear-
ing the articular surface for the ses-
amoid - bone. This latter "facet is

" triangular in shape. with the short

gides of the triangle on the proximal
and. medial borders of the procéss.

" Bopy ProPORTIONS
‘Bueh body propertions as robust-

ness and. relative lenothg of the

bones of Cands dirus have been com-
mented upon by Merriam (1912),

. Nigra and Lanee (1947), and Stock

and Lance (1948). Their studies
were, of course, based upon a mul-
titude of bones and guided by the
sensible idea that big individnals
had big bones and medium-sized
animals . had medium-sized bones
(for example see Stoek, Lance, and
Nigra, 1946). Despite the large size
of some of the bones and the recog-

‘nized variation in length betwecn

bomes. from different pits,- Canis .
diruws at Rancho La Brea is, and

~probably. will continue to be, re-

garded as a homogenecus assem- -
blage. When all the components of
the gkeleton have been studied in -
detail and absolute ages determined
for each pit, we shall probably real:
ize that the differences in bones from
pit to pit are inconsequential. Mean-
while, it is rewarding to have the
bones of a single individual that
may be regarded as onc fest of the
Rancho La Brea material. _
1 have prepared Figure 4, after

_ the method demonstrated by Simp-
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P

20 .. [ 05

Jaw length
Jaw, depth,
Jow, thickness
Pi.op ~
PX, 4r
MT, ap
MT, tr
MZ op
MZ. tr
Atlas, Ieng1h
Atlns, width

_ Axs, length
Axig, width

" Axis, height
Puhlo-mchlum. length
Scapula, diam. head
Humerus, length
Humerys, dist, width . :
‘Radius, length : —t
Radius, dist; width’
Ulng, tength
Mol - —t
Mell. ~——
Me IV : o
MY +—
Femur, length

Femuw, dist. width

" Tibia, length — $
Tibia, dist. widtt :
MIIT - -
MITT ' SRR,
M .
ME - fo— o

Calcaneum, length

Canis Canis -
- lupus - o {A) dirus,
hudsanicus . Powder Mil
N . : Creek Cave |
! 1 1 - Nl 1 o L 1
LOG DIFFERENCE SCALE 05 s} o5 o} 15 20

Frouek 4. —Ratio diagrame {based on a log difference scale) of dimensions
of. Cands dirus from Rancho La Brea Tar Pits, of skeleton of Cunis dirws from
Poivder Mill Creek Cave, and skeleton of Condis lupus hudsondens from northern
Manitoba (adult female No. 0-1557, Zoology Department Southern Iilinols Uni-
versity}.

. The ranges of the humerus radius, femur tlbla, metacarpals, a.nd metatarsals
from Rancho La Brea are calerlated from the measurements repnrted by Nigra

and. Lance (1947) and Stock and Lance {1948). The meansg reporited by these:

suthors are indicated by vertleal bars. - Other ranges of Rancho La Brea material
are based on measurements reported by Merriam. (1912} or on measSurements made

by me. The dlmenswna of Candy mpus hudsonious’ were used us a basm for deter-

mmmg the ratios.
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son (1941}, as a visual demonstra-
tion of some of the proportional re-
la.tIOII.ShlpS Figure 4 is based on

" 1neasurements taken from . Merriam,

Nigra and Lancé, Stock and Lance,

measuretnénts made by me on a

small ntumber of bones from Rancho
La. Brea, meadurements of the Mis-
souri skeleton and ‘measurements of
an average-sized Recont female wolf.
Inadeguate ‘as' the chart may be in
some tespeets, I think it does pre-
" sent a picture of €. dirus that is rea-

- sonably reliable, thanks to data col- .

lect.ed'by Stock,-' Liance, and Nigra
© in measuring the limb bones and
metapodials from Rancho La Brea.

Inter-memberal proportions.
Dire wolf bones are robust compared
to those of Recent wolves. ¥Mogt of
the bones of this specimen from Mis-
sourl demonstrate such robustness,
to a greater or lesser degree, particu-

larly in having relatively larger di-

mensions in planes perpendicular to
the:long axes of the bones. Figure
4 depicts some examples of this eon-
dition where the dimensions have
been plotted in relation to the lenoth
of the structures conecerned. While
I am convineed that robustness of
the bones is one of the features
that distinguishes Canis dirus from
Canis lupus, I would hesitate to use
this feature to assign isolated, single
bones of the post-cranial skelefon
fo one or the other a,peues Recog-
nition of the speecies in special eir-
cumstances, such ag the metapodials

in smell individuals as compared to’

those of the large individuals, em-
phasizes the need for more study
-of inter-memberal proportions.

Intra-memberal  proportions.
As will be recalled, €. dirus is ve-
garded as having a body size rang:

tionately larger.
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'mg from ‘;ma] ler to larger than med-

ium-sized Recent wolves, an. inordi-
nately large head, long, deep, and .

© thick lower jaw With a large car-
"nassial,

large scapula and pelvis,
forearm and shank (epipodial ele-

-ments) relatively shorter than hu-

merus and’ femur (propodial  ele-.
ments), and hody and extermities
more robust. To this body of com-

" mon knowledge should be added the

fact that the caleaneum is propor-
In.the past, the
feet have. been regarded as . bheing

‘relatively. smaller in relation to the

forearm and shank In contrast to
the conditionl ‘seen in the modern

wolf. This is true most of the time;

but, the relationship varies with the-
actual size of the individual. An
inspection of the data présented by
Nigra and Lance (1947) and.Stoek -
and Lance (1948) suggests that
within the C. dirus entity the meta-
podials tend to be relatively shorter

in.smaller individuals and lenger in

larger individoals. Consequently,
the largest individnals and the mod-
ern wolves have a similar foot-limb
ratio. This new specimen has, from
the evidepee of -the teeth -and jaws,

-a head at least the size of that of
-medium-sized individuals of C. dirus

from Rancho La Brea, limbs and
body the size of the largest dire
wolves, but with metapodials pro--
portionally larger—being near . the
metapodial fe humeral and femoral
proportions scen in  the Recent
wolves. T eannot take an extrapola-
tion of some jaw and teeth measure-
ments of this female too seriously,

‘in determining the size of the head.

Using the mimimal figures, of course,
makes the size of the head nearer,
relatively, the proportions seen in-




240

Recent wolves. Nonetheless, the
parts at hand indicate. that the ac-
tudl size of the head and jaws would
vet exceed the size found in the
largrest IRecent wolves,” while the
body is smaller. : S

Dis¢ussion

When this skelcton was diseov-
ered, I assigned it to Canis (Adeno-
eyon) dirus on the bagis of the sim-

ilarity in the size and pattern of .

the teeth and preserved part of the
-jaw to specimens from Rance La
Brea, and assumed that I had a good
" post-cranial skeleton to support the
decision. Time has tempered such .
rash confidence. (ands dirus ean ho
distinguished from the Recent
wolves by the fact that it has strme-
tural differences in the skull, pro-
pertionally larger head. and teeth,
proportionally shorter forearm and
shank, .and more robust body and
extremities. Criteria, other than the
structural differences in the skull,
are Best- used together. Used scpa-
rately, it ig neeessary to take into’
~account the actual size of the. bone
or bones concerned or have zome
" associated bones; then only a part-
of such bones could be identified.

Prime significancée may be attach-
ed to the proportions of the parts of
this speeimen from Missouri because
they represent the relationships
found in the bones of one individual.
Furthermore, these proportions
mateh, within reason (that is to say,
considering that unknown fadtor—-
individual variation), the propor-
tions that exist between the largest
hones from Jlancho La Brea that
have been assigned to.the dire wolf,
Inasmuch ag suech proportions. .do
exist, U think it is valid to assume

e
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that the large hones from Rancho

-La Brea beleng together. Moreover,

the doubt expressed by Nigra and -
Liance {1947, p. 28) that the largest’
metapodials included in their
sample did not helong to. the dire
wolf becomes less bothérsome,

Table 8 presents a series of indices
derived - from the relationships be-
tween the lengths of the metapodials
and the lengths of the epopodial
and propodial elements of the ex-
tremities of the dire wolf and the
Recent wolf, T regard the indices
to be of interest more for what they
suggest in the way of future proh-
lems than sz evidence to prove a
point, Ilildebrand (1952 and 1954)
rogarded - the ratio of wmetapodial
lingth. to epipodial and propodial
lengths to be rather constant in the
Recent eanid skelctons. He did not
emphasize individual variation or
variation among populations. Ob- .
viously, & significant amount of
data derived from the hones of as-
sociated skeletons of the modern
wolves are needed to determine
whether or not proportional. rela-
tionships similar te those found in
the dire wolf exist, Any data de-
rived from associated bones of the
diré wolf would be welcome. Such
data would be a test of the validity
of the suggested relationships found
in the Rancho La Brea material—
partieularly if it can be determined
that these proportional relationships
are unique for the dire wolf. '

At present I consider this speei-
men, from Missouri to be a Caonis
dirus and to be reasongbly similar
to the Camis dirus from Raneho La

“Btea. I think that the material from

Rancho La Brea must be regarded
as a homogeneous population in the
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Tarrtr 3—Indices Derived from .the Dimensiong of Bones of the Extremities of the-'

Dire Woll and Recent Wolf to Demonstrate Proportional Relationghips,

. dirus from .Runt‘lm La Bren : . . O fepus - | 0 O fpus
n O. dhirus © hudsonicns {average of
Minimal |~ Avetage |- Maximum § from Missouth| jro Manitoba,| . edght
gize! gizn! size! Neo. H-429. . ,0_-.1557 _speﬂime_nsj*
Me IIT : . :
—— x 300 393 1 42, 45, 445 44.1 435
Radins : : :
Mt III . o : .
——x100 | ‘393 40.6 44.3 43T 43.8 42.5
Tihia . . :
Me III . .
— X 100‘ - 369 4.4 43.5 42,5 43.9 427 -
Humerns - !
Mt ITT ) :
——X 100 36.8 389 43.1 42.9¢ 43.4 43.6
Femur . o ) . L

! Dhata for indices from Nigra and Lance (1947) and Stnck and Lu.n.oe {1948},

* Data for indicea from Stock and Tanee (10487,

1 Bused on an e-dumbed length of 116 mm for Mt 111

paleontologlc-al genge. The variation
in size of the metapodials from the
different pits, noted by Nigra and
Lance (1947), is too little to d(,m-
onstrate otherwise.

One might argue that having s fe-
male as large as the largest Rancho
La Brea material would indicate
that even larger males probably
lived in Missouri. Such a postula-
tion could lead to the suggestion
that, eompared to the population at
Ranch.o 1a Brea, a larger subspecies
lived in Missouri at a slightly later
date. Sueh a chronocline may have
existed but I do not think the present
information about Canis dirus is
ngeful enongh to deba.te the issue.

CoMMENTS ADDED Ny GALTJDY Pmor

Delatedly, I have discovered the

- paper by ITawksley, et al, (Missouri
Speleclogy, 5:63-72, 1963) reporting

the large dire wolves from Camden

and Pulaski Couunties, Missouri. Pro-

“Migsonri)

fessor William Elder (University of
and Professor Oscar
Hawksley (Central Missouri State
College) -permitted me to examine

the speeimens. T think the skeleton -

(2870; ("M 14) from Camden Coun-
ty is that of a large male. The an-
gle between the anterior borders of -
the pubic rami iz acute and the arca
for the origin of the internal obiu-
rator musele is not recessed. The cal-
canetin of this individual i 69 mm
long (see Hawlksley, ot al., p. 70) and
an unreported left’ metatarsal IT is
110 mm long. ' :

T am 1mpres‘=ad by the faet that
only large dire wolves have been
found in the Ozark region. -These
specimens, hy redson of geographic
proximity, could formi a hypodigm
to accompany Teidy’s type of Canis
dirus.” On the other hand, we canhot
ignore the evidenes of size of in-
dividuals from Rancho Ta Brea
when " judging the Missouri speei-
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meng. Nor-am [ unmindful of the
smialler, and possibly older, dire wolf
bones frem Frankstown Cave, of

Canis ayers Sellards; the several dis-

coveries of isolated ‘parts of dire
wolves in North America, and the
compogition of the genus Cunis when
T join ITawksley, et al. in urging the
‘use of caution in formulating an-
" swers to the questions arising from
the discovery of ‘these large speci-
mens.
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