L= 337
4at7 As
g« S

Skeletal and Muscular Adaptations to a Subterranean

Environment of Microtus oregoni serpens

. (Mammalia - Rodentie)

by

Dorothy Anne Shaw

| A Thesis Submittéd in Partial Fulfilmegt of the
Requirements for the Degree of |
MASTER OF ARTS
in the Department of

ZOOLOGY

The .University of British Columbia

April, 1947.

ZW _

(29



Contents

"Page
Intro0UCTiON eesseevnnsscscososssosssasssosssnssssncsscassserossas 1l

External Features (é) of Microtus oregoni SCrpeNSeseecssvesss 3

(b) comparative....................};..... 5

Skeletal System - cohparayive essecreraiatrisesetancancsens 8
(8) Vertobral cOlWMeseeseesessssecsnseace 8

(b) Ribs and SterNUMsieccssescessescscsscses 12

(c) Skulls...;.........5................ﬂ. 13

(4) Pectoral Girdle end LiMbesessesssssees 17

{e) Pelvic Girdle and Limbeeescessoseacsen 23

MUSCULALUTE = COMPATALITE s sssssssnrsesesssenssesssasesanans 28
" (&) Branchiomeric....{...;...............; és

(b) MyoOtOmiCeeosoesossesasssanasassassasss 35

A of body (i) dorsel Givision........ B5

(ii) ventral divisioNese.... 37

Bc AppeﬁdiCUIQr;-..‘o-o.-..........-gu 42

(1) pectoral girdle and fore-
limb ~ extensors flexors.s... 42

(ii)pelvic girdle and hind limb
- extensors fleXOISeeesssesss O2

DiSCHSSiOI’l-.......-......;.-.v...cn.......-.--.-........c..-o 61
Illustl‘atiOIlS >Ooc'.t‘-oo.olooon.luouo-n'&.toc50!..0.0-.-00000

Bibliography................................a.............;.



Acknowlédgement

Throughout the course'of_this study I h;vg been indebted te -
Df.~Ian-MéTaggart-Cowan for his cdntinuad intérést_and guiAane‘and for
the.éollec%ion of the speaimqné ﬁsed.\ I would al?q like to thank
Dr. W. A, Clemens, head'of_the Deparfme;t of Zoology5anqtthe4othér me@a

bers of the departmenf for their gs;istance.l‘



Abstbact.{n

. .. . é‘ .
L ' . : erawmitre .
Thlsns?udy yas‘undertgkep p;imarily toldigzavnr the skeletal and

musqulgr_éngtomy of a small species of field_mouse, Microtus oregoni serpens

Mariam which inhabits fhauPuget\sound area of British Columbia and Washing-
ton, This,specieg is largely subﬁérranegn in its habits and in an attempt
to discern the deggqe_of specia11zation for its habitgt comparison was made

between serpens and Microtus townsendi townsendi, (Backman) and Microtus

longicauda velleroéquAllen) species wh;ch burpow_fohallimited degree only,
A detaiiéd comparison of the external festures, skeletal and muscular
snatomy of the three épgcies was made and a juvenile specimen of Microtus

richardsoni richardsoni,{De Kay)was used for some comparisons, Certain

parts of Microtus ofegoni-sefpéns were found to be strongly modified in =a

direction which_éeems t§ better a@apt the enimel to'its subterranean mode
of life. ~h'l‘hevexterna.].' features which are of adaptivg significance are the
~soffiplgsh;like‘ pelage, the short tail and the arrangement of the vibrissae
the longest ones being furthest from the snout.rather than scetiered. The
eyes are only about‘oneéhalf the size_o{ those of the larger species épd
agsociated with them is an interesting modification of the orbicularis

. oculi muscle wherjeb‘y it is strongly ‘M doubtless as an aid in pre-
venting dirt ffoﬁ entering the eyes.

Microtus oregoni serpens does not have conspicuously enlérged or

elongated fore-feet but emong the modifications for digging which do occur
‘are the shorteningzof the limbs eand the inclusion of & larger part of them
within the body skin, AlmostAthé entire musculature of the anteriervseg-
ment of the body is mor¢ stonély developed in serpens inclﬁdiqg the =
muscles of the Shoulder, cheét, and fore-limbs eand to some extent tﬁe

masticatory musculature and the musculature of the spinal column. The



muscles attached to the pectoral girdle show the most marked modifications,
they are almogt universally better-developed in serpens than in townsendi
or longicsude, Cérrelated with a vgre,ater development of the pectpralis
vmuscles is the development of a keel ox_l'the menubrium sterni and the
ét_arnebra.e in serpens, profriding a larger area for muscle attachments.

Microtus oregoni serpens seems to repreéent one of the earliest

stages of adaptive specialization of a mammal for subterranean life extern-
‘ _ ) _ ’ .
ally approaching the condition found in specielized burrowers -such as the

mole but having no radical skeletal modifications, , : o



l.
Introduction.

Microtus oregoni serpens Merriem, is a small species of field mouse
[

inhebiting the Puget Sound region of British Colqphia and Washington. It

is largely subterrenean in its habits, excavating_a maze of small burrqws
fairly close to the surface. This study has been concerned primerily with
the skeletél and muscular anatomy of this mouse. In an attempt to discemn
the degree ,of specialization for its subterranean habitat, comparison has

been made between serpens and Microtus townsendi townsendi (Bachman), a

species living a less fossorial existence, and Microtus longicaudus veller-
osus (Allen), a species which burrows to & very limited degree only.

A juvenile specimen of Microtus richardsoni richardsoni (De Kay) was

\ .
used for certain comparisons and a deseription of the external features of

one specimen Microtus pennsylvanicus drummondi (Audubon and Bachmen) is

ineluded,

The muscles are érouped according to a plan described by waéll (1938)
and modified by Hill (1937). In general the innervation of the muscles
was not investigated in the present study. For comparison of the muscles
the termms used are largely tho;e of Howell (1926). The bones were described
according to the plan used by-Hill (1937) and comparisons are given where
veriations occur.

The muscle and bone dissections of serpens were done three times and

many of the muscles were checked in a fourth specimen; the muscles and

bones of townsendi and longiéauda were dissected in one specimen only of

each species but as very few variations occur between the two latter
species other than those of size and tail structure the two dissections
served, in some measure, to check each other. The specimen of richardsoni

was a juvedile and, in consequence, was of but limited use for comparative
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purposes,
An attempt hes been made to correlate the muscle and skeletel
variations and to relate them to functions of the muscles end, ##¥possible,

also,-to the habits of the species.
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External Features

Microtus ofegoni serpens is a8 smsll.sized rodent witb an elongate, slightly

fusiform body. The heed iz reletively small but its general shape is also
elongéte;‘ A-sliéht cervich_qonstriction-is present, The skin is tight

all over thg body and the pelage is fihe, soft[ end thick with a velvety

texture not found in townsendi or longicaudws. Scattered guard heirs occur

over the surface éf the body.

.. The taqtile vibrissee vary in length from veryllong on thé outer
marginx.tb shért in the regioh of the rh}narium but'the majority of the‘
bristles are intermediate between these fwo extremes. There ere no dise
tinct interramal and carpal viﬁrisaaa but there are a few bristles present
on thelfadial side of the first digits, tbough never enough to be termed V
e tuft, Simiqu scettered bristles occur on the hind feet. Efelashes are
absentf | |

There are four pairs of mammee, two peétoralnand two 1néu}na1.

ihe two ﬁ€1ves.of thé upper lip meet below the rhinerium to form
a very'shorf philfrumo The lobes of the lower lip fuse but the lip is free
f§; some disténée. The nearly-naked rhinarium is triangular in shape with

the apex directed'yshtrally. The externel nares open laterslly and have

“their margins wrinkled_and scroll-like. An internarial groove is present,

The small, wegk-lppking eyes bear vestigiai nictitating membreanes '
and are pfovided with smell lachrymel glends,
The ears average 12 mm-, in the long axis end are oval in shape,

The anterior portion of the helix is folded snd the antihelix forms a

.iidge margining the conchal cavity. The external ear is almost completely

neked with a few scattered hairsvon_its gurfaqe.(%Aﬁefgge_cf_s“ﬁp?C*meﬁﬁ“)

The tail is very much shorter than the body hﬁ;ing an . averege (of 5)

measurement of /§ mm;;. for specimens with an average body length of /7~ mm;:



The fore and hind iimbs are slender, the proximal parts of both.
limhs are inclﬁded in the body skin down to the level of thé distal ends
of the humerus and femur, Thé front feet 2re smell and delicate agd
possess spade-shaped claws ﬁhich are approximately 2 mm;. in length,

The ﬁollex is separated from thevother digits, is not oppossble,
and lacks & nail'endingvihstead,with'a horny tip. All the digitslﬁre
short and the metacarpal elements are about squal in length to the digits,
thus the manus as a whole is fairly lohg and slender, The volar surface
is covered with a horny rugose skin bearingvfive plantér tubercles, The
two cerpel pads ere 1arga,:tha thenarvpad covers mo#t of tﬁe falciforﬁ
A »bone.‘ There'is no distinct “heel" dn the fore-foot,

| The hind feet are less sieciaiized. The second, third and foutth
digits aré lonéer then the other two, the'iittﬁ digit being the smallest,.
The claws are not very long and are concave resembling an overgrown humen
finger nail, Microténes are plantigrade and the feet are'not greatly
elongated. The plantar surface bear§ a series of five warty tubercles
consigting ofbplantar, abical and interdigital pads and e metatarsal pad

which is represented by the thenar pad &t the base of the hallux.
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Comparison of the External Features.

The relative proportions of certein external features of serpens,

0~
townsendii, longicaud®s, and drummondi are shown in the following table.

Neame N | Total [Length of [Iength of | Length of Ilength of

Length Tail Heed Hind Limb Hore-limb
Serpens 18 | 13X mm. 32 mm. 32 mm. 18 mm, 14.5 nmm,.
townsendii 16‘ 176 mm, 55 mm. | 35 mm. 26 mm. 118  mnm.
longicauda | 20 | 185 mm. 62 mm. | 35.mm. 23 mm. 20 mm.
drummondi 14 | 155 mm. 40 mm. 44 mm. 21 mm. 15 mm.

The meeasurements of total length, length of tail, and of hind limb
are the sverage of measurements taken from a large number of specimens,

Microtus serpens and drummondi are alike in that they possess rather

slender feet as compared to the relatively stout Seet of townsendii,

longicauda and richardsoni. The pollex is without a nail in &ll cases,

in serpens and townsendii it ends in a hard tip and the other species lack

a true pollex the latter being represented by a slight elevation. None of
the species possesses an opposable pollex. As regards clew structure, none
of the species examined is provided with conspicuously long or heavy claws

of the type found on the fore-feet of many burrowing animals. Howevef,

those of serpens and drummondi are reletively much more slender than are

those of townsendi and longiceuda. The volar surfaces of the feet are

harder and rougher in serpens and townsendi than in the other species in

which it appears to be relatively smooth.

Apicel pads are present in all species a@s also are interdigital pads
between digits three end four and carpﬁl pads.

The hind feet are less specialized in all five species. The second,

third, and fourth digits are always the longest. The claws are
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-short on all species except longicauda in which they are long, sharp and

decidedlj}curved. The foot is definitely lengthened in all of the species.

The plantar surfaces. are always bare but those of serpens and longicauda

ére less scutellate being hard and roughened. The plantar pads are small

in serpens and drummondi and longer in the other species. The hind feet

of serpens and towpsendi-are‘mbst alike, longicauda hes an éxtra plantar
pad. i

_‘ Coﬁsidergble variation of length, géneral shape, scutellation and
hairiness is tound in the tails of the four species, The tails of serpens
drummondi are similar in length but not in texture'theﬁlatter being covers.
ed withewt distinctAscdles similar to those found on the tail of townsendi,
Longicaude has the longest and most bushy tail in contrast to séfpena' |
which has the shortest. The latter feature may be advantagéous to an
animal which lives ﬁndergiound. :

Considerable variation is exhibited with‘rqgard.to looseness of
skin and amount of pelage. Serpens and richardsoni have tight skins,
longicaude has & slightly loésqr and townsendi a still looser skin which
is still, however, much tighter then that of drummondi., The s/kins seem
to be iooser.on the tefrestial forms.

Vl The pelage of serégns is fine, soft, and velvety, in the terress
tisl forms it is heavier, th;cker; and longer although that of druﬁmondi

js feirly thin., Richardsoni has the most dense hair, it is very heavy on

the dorsal side and finer on ihe underside,

The tgctile vibrissee ;re;diétinctwin serpens, the majority of
the h;irs‘béing of medium length with the longest ones laterelly placéd.
Drummohdi hes fewer and shorter bristles and townsendi hes a much lerger

percentage of long hairs which are scattered. In richerdsoni and

longicaude the méjority of the vwibrissze are 1ohg,and the longést ones
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seem to be more medially placed, Scattered guard heirs occur in all of the

)species.ﬂ Eye-lashes are absent in serpens and townsendi but there are a

few present in richardsoni, drummondi, and longicauda along the dorsel mar-

- gin of the eye,
~ The structure of the nares and rhinarium in serpens seems to
present some adaptive specialization. JIn this species the nostrils have

crenulated margins while thoéé of townsendi and longicaud# bear three or

four deep greoves'on the.lateral surfeces, and those of drummondi and
. richerdsoni are smooth. Thére is a deep internarial grobve in serpens
'while“this is indifferently developed in the other species.

' Serpens has the smallest eyes while those of the qther species

are lerger and in townsendi and longicaude are twice the size of those of

serpens,
The ears of serpens appear to be of intermediate éize, measuring
the same'ieﬁgth as those of the much larger longicaude. Those of

'drummoﬁdi and richardscni are similar in size but*larger.f Considered in

percent of total length the ears are seen to be of similar size in all of

the species. The pinneae aie oval -in serpens.and longicauda and more

rounded in thelother speéies. The anterior part of the helix is folded in

egch.case but this is most notiéeable in serpens where it may have an

adeptive value for subterranean life, -
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Skeletal System

Vertebral Column-

A The vertebral column éonsists of seven cervical, thirteen thoracic,
. seven lumbar, and five saé;al vertebrae, The number of caudal vertebrae
variéé frbm sevénteen to nineteen. The anélo between the cérvical and

' tﬁoraéic segmants in serpens is apprbximatelﬁ 100° and tﬁe thoracic seg-
ment is strongly arched; the latter character being much more marked 1n.

'sérpens“than’it\is in‘townéendi,.longicauda, or richardsoni. This angle

waeg measured in townsendi as approximatqu 80°.

Cervical Vertebrae-

The cervical vertebrae represent approximately 12}% of the pre=
" sacral leﬁgth and approximately 147 of the thoracolumbar length. In pre-

pared specimens they appear to be dove-tailed together and almost?gésified.

Atlas- '

The atlas is oval in shape with the transverse axig the longer,
the ventrél_arch being shorter. ‘The wings are largé in proportion to the
size of the body of the atlas and are roughened as tuberculaxr. The |

- ¢ranial articuléting surfaces are large and shallew, Ne dorsal épine 13 
present in any of the species. There is a diffe;ence'in size'batweén the

l.atias of serpens and tOWnsendi'of longicauda the latter being slightly

larger than would be expected on the basis of relative size.
Thére is a general tendency to flattening in the cervical verte-

brae of all the species but this is least evident in longicauda,

Axis- (Epistropheus)

The dens pi the axis is fairly long and @voidi; The cranial



articulétipg;taéets are triangular and convex, The spine is at'a'aﬁg angle
with the vertical and is relatively large,.i;e.;‘compaféd to the size of
the axis. The~Vertebrai foramen is large and almost circular and the éen-
trum slightly concave déraally. The transverse proéoss is wll-developed
~and not merely represented by a v;shaped arch such as Hill describes for

- Thomomys (1937); In longiéauda and townsendi the tranﬁverse processes &are

less vell-developed and ere better described as elevations than as true

processes,

Vertéb;ae 3 ;‘7~

The other cervicel veftebrae are much alike but become'progres-
sively mofe slendgr pdsteriofly. The bodies of the veitebrae are
‘elongate in the transverse axis and shorter iﬂ the other two exes but the
foremen is always more circular than ﬁovoi& so the degrees of elongation
‘cannot be very great; Thé cfanigl articulating surfaées'are concave and
the caudal surfaces are'convex. The spinous processes’éhould probebly be
considered to be absent..‘Theltr;hsverse processes are directed laterally
throughout. Thé dorsal and fentfal}tubercles on the trensverse processes
are poofly differeﬁtiated. |

'Thefe are noAtrue differences between the cervical vertebrae of

serpens and townsendi. No -spines are found on the dorsai arches in either

species. The transverse processes are never brenched, Inllongicaudé the

vertebrae are more tlattened-in the vertebral axis makipé the trangverse

foramen more £froid then it is in serpens or townsendi, The articular
processes are more definitely distinguishable in longicau&a; i.e., they
project creniad to a greater degree., There is also a slight spine presenj
o' the dorsal arch of the fifth, sizth, and seventh vortebrée and the

bodies of vertebrae are more seroid in this species,
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Thoracic Vertébraeé

. The thoracoiumbar»region containsg twénty_veitebraq, thirte;n
thoracics end seven lumbers, The first two are very similer to the .
cerv{éals and the others become progre;siVely largér, tﬁe most ceudal ones
- being alﬁost twice as Lohg as thelcervicals. The vertebrel foramina be-
cémehsmailgr ceudally whilq_the ;pin;us proceséés incréase inheigﬁt in the
same direction progreSsive;y. The sPiﬁeé~all incline slightly caudad with
..the anglé of inclinatioﬁ becomiﬁg gfeater in the more caudal veftebrae.
Both dorsal and ventral eleménts ot the transvérsa ﬁrocegses are
: déveléped; fholfonmer‘serve for muséle atfacﬁment and the‘latter'érticu-.
late wifh the riﬁs.' The dorsal elements‘may be indistinéfly divided into
metapophyses and diaﬁéphyses in'the eleventh thoracic segment.. The articu-
lating surfaces are similar to those found in the éer&iéal vertebrae, |
;n all thfeq species the thorecic vertebfde‘show the seme general
tendencies of the foramine to decrease in size in the more caudal vé#tebrae
end of the spines to become more elongated and caudally directed.- Dorsal
and vénfral eigments of the transverse processes are found in all‘of the
species. The same teﬁdency toward flatténing,,found in.thé.cerfical
vertebrae of longicauda; is found here.  The variations found are less
specific in the thoracic v§rtebra¢ ﬁhan»ih_the cervicals but ‘the differ-

[N

ences are not great in either case,

Lumbar Vertebrae- - '

| The lumbar Vertebrge in éefpens are stouter and nearly twice as
long as»the thoracics, An inconspicuoﬂé medial ridge is present on each
vertebra. The vertebral foraﬁina become decreasingly smaller toward the
end of the iumbar-series and the Spinous processes secome v;ry slightly

increased in height posteriorly. The articulating surfaces are like those,
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of_the'tﬁoracics, Diespophyses are present on all of the lumbars although
'they are poorly deféloped in the first few,
Thié series is similar in each of the‘épecies. The mammillery
processes:are more distinct in fownsendi and loﬁgicauda. -As few muscle
~varistions occur in this aree few variations in the vertebrae are likely

tb have occurred,

Sacrel Vertebrae-

Five sacral vertebrae were féund in all specimens of sérpens '
dissected and according to Hill (1935) five is the usual number in Miéro-
t&égs. The vertebrae, but not tﬁa.spinous processes, appeér to be fused,
 The first sécral vertebra is similar in size to the last lumbar,-the other
four.becomg progressively smaller. The vertebral canal is small and the
:spines.;re higher than tﬁosé‘in the iumbar region, The cranial artiéular
. surfaces arellike those of the'lumbars, crenial and ceudal articular pro-
cesges are vestigial,  The ilium is joined to the:tirst sacral vertebra,

" No variations 6ther than ones of size were found.

Caudal Vertebrae-

Seventéen to. nineteen caudal vertebrae may occur. They become
*‘progressively sm#ller ﬁosteriorli, The vértebral éaﬁélﬂis iﬁc&mplete ﬁut
fhere are wide vestigial spines p;esént. Cranial arficulating processes
are absent or minute'#nd cagdal articula?ing processes are absaht. " Chev-
ron bones aré'present betieen the vertebrae but'they do not form arches,
There are mény more caudal vertebrae present in townsendi and

iongicaudé.than in serpenQ but as some of the veriebrae were undoubtedly
lost in the cleaning of the.bones counts are useless, Serpens has short
caudal vertebrae which become progressively shortgr'and less wgll.developed

posteriorly. Townsendi has more robust vértebrae which are still
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‘relaﬁively short and sho; the same téndency to decregse in size, Thé méta.
‘popbyses; spinous processes and zygopophyses are better-developed in
townsendi than in se;pans_but the development of these features is decid ede
ly‘greatéét in 1oﬂ§icauda; the'spine being much\more pﬁvious and enlarged,
There is less tendency for the vertebrae to become shorter posteriorly in

fhé latter species,‘instead-thqy become more delicate while remaining

approximately the'same length,

Sternum-

The sternum of serpens consists of a mangbrium,'four similar
sternébraé,'and a xiphisternuq. There is no evidence of intercelary bones.
'A slight keel is present éﬁd serves to increase the ares of attachment of
the pectoral muscles which are particularly hqavy in this species.

In longicauda and townsendi the manubrium and the sternebrae have

flat dorsél surfaces, i.e.; the heel is missing sﬁggesting a correlation

with the development of the pectoral muscles,

Manubrium-
The manubrium sterni is almost heart-shaped; with a well-developed

'jugular nbtch, & wide anterior surface, & caudally-directed apex, and
smooth, éloping_sides. Clavicular facets are present on the anterior sur-
face At-the angle Qf the jugular notch and there is a roughened pit for
the first costal cartilage on the lateral mergin just below the enlarged
anterior portion. The second costal cartilage isbattached at the junction
of the manubrium and the first sterneb}a.

-~ The manubrium is slongate in townsendi end longiceuda but it dbes :

not posseés the heart-shaped anterior end found ih'serpens. Thé facets

which show the position of the clavicular and costal cartilagés are

locatad.in approximately the same position in all of the species.
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Sternebrae.
In serpens the four sternebrae are alike in shepe but thej become

progressiﬁely smaller posteriorly. They are all definitely kéeled.

‘In townsendi and longicauda‘there is the same tendency to de-

_crease in size but there is no sign of a héél.

Xiphisternum-

The xiphisternum is elongate; slender, and continuous caudally .
with a laige heart-shaped cartilage, It forms 2 very slight angle with

the last sternebra.and is directed ceudally,

In longicauda and townsendi_the.kiphisternum is more attenuate

. and delicate.

Ribs-

There are thirteen ribs iﬁAserpéns all of them double-headed but
1jthé last, The'capitglum articulates with the centrum and the tuberculum.
.witb fhe transverse process. The heads tend to become united on the more
poéterior ribs. The first rib’is much: shorter and somewhat stouter than
the others. All of the ribs bear costal cartilages, those of the first
seven reaching the sternum and that of the éigﬁth being united to the

~ seventh. No interspecific variatiohs:in:the-ribs were noted,

Skulls- | | -

The skulls of serpens, townsendi and longicauda are very'similar,

any differences which do occur being veiy slight.

" The skull of serpens is broader in propdrtion to s totai length, 
the width'beiné 497 of the length as compared to 447 in towngsendi and
longicaﬁda;:ahd the greater width occurs in the parietal bones rafher thah

in greatég curvature of the zygomatic arch.
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Dorsal View-

The nasal bone is relatively shdrter in serpens, being 27% of
total length of the skull as compa¥ed to 317 in townsendi ana 297 in |
longicauda. The surfacesof the nasal bones are ridged slightly in serpens
.but smooth in the other species. The frontal bones become very narrow in

the central part of their length in each case, this is less evident in

longxcauda than it is in the otherlspegies. The parietals are almost
square and are large in all speci@s. The 1ntérparietal is rectangular
'with the vertical axis shorter. The lines of suture of the zygomatic arch

are indistinct. The lambdoidal cfest iS‘more distinct in townsendi and

longicauda than it is in serpens,

~As a positivg indication of muscle attachment there are slight
processes just ventral to the 6raﬁio-ventral bordef of the infraorbital
foremen from which the masseter superficialis driginates, this process is
‘decldedly better-developed in serpens than it is in the other specias°
This fact is in accordance with the greater development of fibres in this
portlon'of the muscle in that species.

| The zygomatic arch is relatively the same width in all of the
:species which means that there is no bone formation to'cqrrespond to the

greater development of the other parts of the masseter in serpéns.‘

In profile the three skulls are very similar but the anterior

portioh of the skull is more curved in serpens. There are no visible vara

jations in the infraorbital ridging which agrees with Howallfs statement

(1926) that the “infraofbital ridging 15 not the difepi rbsuit of muscular
stimuiué".' No e&idenée of the amount of development of the temporalis |
muqcle is v151ble on the skulls. Boweve;, the posterior divergence of the
zjgomatlc arch appears to be slightly greater in townsendi than in serpens

which_may result from the exclusion of the temporalis muscle over a larger
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area in the former species,

Ventral Aspect-

] The'tympanic bullae may be described as ovoid in all of tﬁo species
but theirllength'cqmpared to total length bf‘the skull varies, mqésuring A
29% in serbens; 32 1n't6wn§endi ;nd 51% inllquicauda. Tho'inqisive
foramina are”all décidedly élongate and similar to that illustrated by
Héwell (l926)iin which he attributes the léngth to the size 61 the Jacobe
sen's organs'ot_thé nasal passages~§ince the ﬁasal arteiies and the nasoe
palétine artéries thch algo pass through the foramen, iare small.: The
pterygoid plates are similar in size and shape in all of the species but
" the mesopterygoid appears to be slightly longer in serpens. The occlpital‘
" surface in gach case exhibits -an anteriorlinolination.which iénoonéi&efed
to be characteristic of rodents with fossorial habits but as it is squally
well-&eveloped in.the forms which are'not regerded as being subterranean
this structure possibly is not related to habitat. The occipital is knowﬂ
to vary in other forms with regard to angularity and definition of the
processes‘and it seems guite 1ikely that the sllght differences which do
dqcur should be attributed t§ age. The'mastOid'prqcaas is heavier in
serpens which, according to Howell,v(1926)'is an 1ndica§;on of better
developmeht of<fhesternomastbid,>cleidomaStoid, and coppleius muscies in’

this specises,

Mandiblese

The mandibles a}e ﬁery simila; in the three ?pecias. ‘The coro-
: noidfprocéés Yarigs'glightly being'a tfiﬁlp more hooked 1n,serpéns-and

long;r iﬁ towhseﬁdi, ‘'The angular process‘is leaét thickené§ at'thelpps;-
terior border in serpehs but is the aamé general shépe in each'specimun.

Both the dorsal and the ventrel masseteric ridges are always-heavy, The
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" symphysis menti is movable and the two_halvés of the lower jaw are evident-
ly connected by an elastic material most of which dissolves'when the bones

are boiled. The point of attachment of the M. transversus mandibularis is

marked on either side by & slight fossa,

Teeth-

°

The incisors are broader and shorter in M. Serpehs. The length
of tooth row of.the.cheqk teeth in percent of total skull lengfh mesasures
21.67 in serpens, 24.87 in townsendi and 227 in longicauda., Thebmaxillgpy,
tooth row is nearly parallel in each case. There are no notiéeaple

differences in breadth of the molars in any of the species,

The ;kull of richardsoni is much larger with heavier.fidging, this
is especiélly true of the lambdoidal ridge and the occipital condyles, The |
nesal bonés are a different shape in this species béihg_much brogder‘iﬁn_
the snterior end in proportion to the width at the posterior end. The
zygomatic arch is broader giving the entire skull the appearance of

.breadth. The parietals are longer and narrower and the interparietal bone

is much shorter in the horizontsl exis. The tendency for the frontals te

become narrow in the central region is moét evident in richardsoni, ‘
This ventral surface is more'simiiar to the other skulls but the
diastema is longer in percent of totgl length being 40.5{ as compeared te

297 in serpens and 34 and 31 in townsendi and longicaudé respectively,

Thé incigive foramen is small measuring only 2 mmj. in length as compared

%0 5 mmi, in townsendi and 3.5 mm:. in sarpens.‘

~ The caronioid process is shorter in rich&rdsdni.v Both the upper
and lower incisors are longer, apd the former project noticeably beyond

the plane of the extremity of the rostrum,



17,

Pectoral Girdle and Limb ,

e ———— e ——

Scapula-

Thg‘scapuia is shaped roughly like a 30&60-9b° triangle with the
vertebralﬁborder convex and forming an angle greafer than 90° with 'the
anterior border. The cranial border is straight and forms a‘sharp angle
with the aqterior'Border. . o

| The,ééapula tends to be elongated rather than broadened, The
large andgvery distinct coracoid'procéps is fused with the 'scapula but
does not show any téndency to divide into two éentres, a large supraglenoid
tuberosity projqcts latefally at its ba;é. Thq gleﬁoid fossa is ovoid
(much longer than wide), the coracoid forming slightly less than one-third
of the fossa. The inf;aglenoid tuberosity is less well.developed. The
1nsertion of M.'tares mﬁjor is marked byva minute third fossa on the
lateral surface, which is separafed from the infraspinous fossa by the
'axillary ridge. | _

The vertebral border of the scapula is thickened probably “ia re-
‘sponse~t6'the.insertion of the. stout serratus anterior, lev;tor scapulae
and rhomboideus muscles. The costal surfece is almost flat, but with a
sha;low grobve opposite tbé sﬁine. There is no evide#ce of secondarj
ridging lateral to it.

The latéral surface is divided by the spine into supraspinous and
infraspinbus fossae. . The sﬁpraspinous fossa is the larger and is roughly
tfiahgular in shape, with the_portion‘near the coracoid much redﬁcéd. The
spine is very prominent being approximately one-half the width of the
scapula‘in height; possibly this development is in fespdnse to the sub.

écapular,group of muscles which are ehlarged in serpens. The acromion

process is represented by a thickening on the end of the sﬁine equal to.
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approximately one-third of the length of the latter. A fairly prominent
metacromioq pfOCess is preéent. .

- Length §f the scapula varies with age (Howell 1924) but in the
specimeﬁs measured the following percentages ofﬂfunctional érm length were
obtained: 50.87 in serpens; 487 in towmsendi; 49.97 in longicauda; and
427 in fichardsoni. On this basis serpens has decidedly the lonéest
scap#la, e modificatign that may be cqrrelated with the large muscle
attachments !oundlqn it. Howel; (1924%}‘mentions that young animals have
& shorter scapule and this'pfobabiy explains the divergencs touﬁd in my
specimen of richardsoni.

" The séapulaa tend to be the same general shape in all of the
_species bﬁt in tdwnsendi and longicauda the width at the vertebral .border
is cbngiderably_greater in proportion to lgngth thgt it is.in serpens,
The vertebral border is mére thickened in serpens;tﬁan in the dtheikf"j

épecies. The coracoid is always fused with the scapula, ' \

Claviculs

| The slender clavicle measures 6 -.6.25 mm::, in serpens, The
sternél end is club-shapéd and articulates with the anterior (cranial)
surface of the manubrium sterni at its centre. . |

Only clavicles of sefpehs and townsendl were available for come

parison and no significant differences appeared,

Functional length of the fore-limb-

The scapula can be thrust forward and backward through muscle
action,ig;, it is movable and should be considered as forming part of the
functional length of the fore-limb. This movement compensates for the
greéter length of‘tﬁe hind limb which is attachedbto an'immovabie pelvis,

- However, functional limb length is measured by Howell (1926) as the length
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from the scapulez-humeral joint to the sole of the foot since‘th;s is a
piantigrqdﬁ animal, He feels that a definite point on the scapula could
not be designated from which to take measurements and hence it is better
“to meaéuré_from»the joint. Actually the length teken is only the suﬁ of
the length of the humerus and radius. |

This length meaéured 22 mmit. in serpens; 25,3 mm;.. in townsendi

and 25.8,ﬁm5. in 1ongicaﬁda.

Humérus-
. ' In serpens the humerus is long and slende_f‘with velledeveloped
mugcular processes. The head is large and oyéid'forming An angle of about
150° with the shéft. ‘The neck is poorly-deveibped. The greater tubgrcle
is large and has a grobve in the centre into which M.';upraspinatus and
M;'inffasﬁinatus iﬁsert, 2 depression markeing the point of insertion of
M. ferés major is also present. | |
The intertubercular sulcus, in whicﬁ the tendon of the long head
of M. bicéps lihs,'is fairiy deep., The lesaer tqbercle is about one-half
the size of the greater tubercle. A‘poorly-definéd &epression mgkks the,
area of insertion of the tgndon of M. subscapularis,
The shaft is slender. The latgral ridge extends more than one-
;third.(;eés than one-half) of_thé‘distance from tﬁe beed to the condyles
and has faintly-marked areas of muscle atfachment. The median ridge is
indistincf,'poorly defined scars marking the points of insertioﬁ of éhe
tendohs of M. teres major and M. latissimus dorsi., The lateral epicondylar
rldge is distinct and the lateral epicondyl welly deVeloped although small
.The. medial epicondyl is largar and a dlstlnct roughngss merks the point

of attachment of the .coracobrachial muscle, The,condyleg are separable

into a large mediel trochles which articulates with the semilunar notch’
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of the ulna end & capitulum of similer size that -articulstes with the heed
of thé radius. | | ’

In percentage‘df funqtional limb‘lengtﬁ the humerus meaéures‘54%
in serpéns; 47Z in townsendi; 447 in longicauda; and 50¢ in richardsoni.
In serpens the'humefusris longer and more slender thanvit is in‘townsengi -
and longicauds although it is still a slender bone in the latter species.
In richardsoni it ic more massive and is en entirely different shaﬁe.

The head of the humerus is approximately the same relative Size

in serpené; longicauda, and townsendi but is much lafger in richerdsoni,

This relationship also applies to the development of the greatér and leseer
- tubercles. : - » .
s. The neck shows 8 greater degree of development in townsendi
and.ldngicauda:than it does in serpens. The medial ridge appears to be

better-developed in townsendi and longicaﬁda than in gerpens but this may

have been only a relative difference. Thp lateral ridge is large‘gnd well-
developed in ell species, that of longiéauda'being the lbﬁgest. The con;
dyles are always separable into a froch1ea ﬁnd capitulum and the ﬁedial
epicondyl is alwﬁys large end distinqt. In percéntage»of fﬁnctionai arm
length the widthg of the condylar bordefs'measured zszvin‘serﬁens; 307 in

townsendi; 287 in longiceuds; and 32.6% in richerdsoni.

Ulneaa

The ulnea is loﬁg end slender with a long olecranon proceﬁs that
meesures 6ne-sixth of its totgl length and provides a large ares for 1n§er.
tion of M., triceps. The caudel end of the process is curved mediad, The
semi-;unar notch is déep, Semi-circular, and coller-like, with a radial
facet on the craniblateral border which receivesé the head of the rédius.
The cofonoid prdcesg located on the céénfo&istal margin of the notch pfo-

ﬁects.medially. The ulna is excavated on the lateral surface forﬁing a
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swall, short le#eral fossa which ;s>very incomplete.
| The distal end of;the ulea has a greove through which peeses ten.
dons qfvmest of the exfensor,muecles and another ehich‘permiis ihe passage
'»of fhe tendon ef‘ﬁ; extenser ulnaris, The styloid process is V-ehaped aed
. fits into ‘2 depression beteeen the triqﬁetum and pisiform bones,
In percent of functional limb lengh tbe ulna measured 63.6% in
serpens; 64.8% in townsendi; 65¢ in longicaude; and 587 in richardsoni.
The pereent of the ulnar length which is represented by the elecranon
. process measured 17.87 in serpens; 137 in townsendi; 12 in longieeuda; and:
14.47 in richardsoni. )
The variations between species are very slight, but the same rela=
axonships that were found in the humerus re-occur here. .The only differ-

ence worthy of note is in the trioccipital process which is deeper end

'therefore betteradeveloped in serpens.

Radius-

' The heed of the radius is oveid with & groove on the lateral sur- -
face which.articulaﬁee with.a small ridge on the ulna'and‘fhus reduces
movability‘ef the.radio-ulnar joint. The ﬁeek of the radius is probebly
'attached to the ulna by ligaments but theee were not seen. Hoiever,
practically no. 1ndependent movement can be p0831ble since the bones T@w
mained together even when cleaned by bo111ng. |

| " The crenmiel border is oblique and extends caudelly ?rom the
pfoximai end for about ene-half:ef the leﬁgth‘of the radius, The tendon
~of M. adductor pollicis inserts into & slight groove'on the lateral sura
face about 1 mm, disfal to the oblique 1ine. | |

The body of the redius is very slender but the tuberosity is well

marked- and is situated on the medial border naar the head The
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"pseudostyloid" process descfibed by Hill (1937) is poorly differentiated.
The volar surfaée is nearly flat (not concave). The articular grooves are
similar in each of the species.

In per cent of ulnar length the radius measured 78% in serpens; 79%
in townsendi; 79.9% in longicauda; and 78% in richardsoni.
Carpus -

The followingldiagram illustrates the relationships of thernine bones

of the carpus:

Radius Ulna
---~_\_\‘~\ |7Pisiform
Scepholunaris ———= Triquetrum

(navicular & lunate)

Centrale Hamatum

| N

Cepitatum Lesser”’///éreater Falciformis
\ \ MultTngulum Muﬁtlangul{/

‘MC I MCIT MC III MC IV MC V

In each specimen examined the.bones were similarly arranged. The

bones are larger in longicauda and townsendi which heve much larger feet.

Metacarpus -

The first metacarpal is about the same length as the fifth and about
two-thirds of the length of the third and fourth. The second is slightly
longer than the first. Proximally the metacarpals articulate with the
distal carpel bones. Small sesamoid pones occur at the carpophalangial
joints,

Phalanges -

The first two phalanges of each digit ere elongate, the second being
approximately two-thirds of the length of the first. The fourth digit is
the longest and bears the largest claw. The latter relationship is not

as pronounced in longicauda or townsendi as it is in serpens.
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" Pelvic Girdle and Limb
0s Coxae- “
| The os coxae‘are.long and slender with well déveloped muscular

' procésses. The sacrum and ilium are fused, the latter being attached to
.the_tirst saéral vertebre, The ischium messures approximetely éne-half the
length of the ilium. The coxal bones aré united by a short symphysis which
is approximafely one-fifth the lengfh of the pubis, The large and deep
'ac;tabulum is situated'caudal to the middle of the 1nﬁominate bone and is
formed by the junction of‘the ilium, ischium and pﬁbis. The lips of the
cup are incomplete on the oaudoventral.side at the pbint'bf attachment of
the ligamqntum.teres. "The cavity at the "bottom" of the acetabulum is ir-
regular in.shape. The friangular obturetor foremen islgitugted ventral
and ceudal to the aéetgbulum_with its main axis horizontel. ‘

The ilium extends from the cranial end of the acétabulum in &
crenial direction. The creniel end is thickened and~flatténed. The crest
is produced 1atera11j forming & recurved spine from which originafes pert
of M. gluteus medius. The iliac ridge is poorly defihed. The gluteal
fosse is not very deeb But-it is fairlﬁ wide with.a'definité ridge separate
ing {he areas Qf attechment of M, gluteus medius and M; gluteus minimus.
The dorsel and ventral borders of tﬁe ilium are nearly parallél. The dore
_sel border ig indented near the caudal gné by the sciatic notch. On t§§
:fvéntral bérder opposite the gciatic notch there is a slight 1ndentatioﬁ
where M. psoas mejor inserts; and a slight iliopectineal eminence caudal
to the latter, |

The ischium forms the remeining part of the dorsal and caudal
‘parts of the hip bone. The iscbial tuberosity does not seem to be divided

into dorsal and ventral tubercles but the dorsocaudal margin is thickened
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to forﬁ a distinct ridge.. The dorsal tuﬁeroaity is largé and prominent,
The ischial spine is poorly ‘developed,
| | The pubis extends in a caudal direction with 2 slender body which
is apparently completely separated from the acetabulum. The cranial limit
is marked by an iliopectineal eminence and the ventral border’is oblique
forming aﬁ angle of about 15° with the body. This anglé straight;ns out
in the area of the symphysis.’

| In percent of functional limb length the os coxae mee.sure 48,29

in serpéns; 40,67 in townsendi; 48.8{ in longiceuda; and 47.6% in richarde

3223.‘ In percent of the length.ot the'innominate bone the ilium meesures
54,87 iﬁ se;péns; 60.0f in fownSendi; 56.1¢ in longicauda; and 54.81 in
ricﬁérdsoni.‘.Any spécific variations_whichw#na found in the pelvic
girdlelane not as marked as those found in the pectoral éitdle and 1limb,
| The pubic symphysis is clqsed‘in all of the speciés. The caudal
b;rder ofmthe ischium isvnot straight in.longicauda but rether iorms an
angle of about 135° ﬁy the central point. This veriation is not as mafked

in townsendi,

Functional length of the hind limb.

 Functional length of the hind limb wes computed according to
, Howéll'é ﬁian (1926). This is a purély‘arbitrary system whereby the.
lengthé of the femur ané tibio~fibula are summedvand added to one-half of
the lquth from the heel to the distal end 6f the longest metatarsél.

Measured in this way the 1imb length meesure 33.7 mm.:. in serpens;

41.8 mm:. in townsendi; and 42 mmi:. in longicauda,

Femur-
The femur which is long and relatively slender has large process- .

~ es for muscle attachments The neck forms an obtuse angle with the shaft
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jand.is greatly constiicted. Ligamentum teres is attached to é deep and
circuler pij on the head, \Thé greéte; tfochanter is large; the lesser
trochenter smaller and Qith‘its main axis at an angle of about 60° to the
sﬁrface of thevfemur. The trochanteric fosse is large, deep and irreguler,
The trécbanteric crest is complete, i;e., it connects the trochanters,

.Thére'is ne intqrtrochanteric line on the cranial suf{ace of the crest, -
A third trochantic (or'la#eral ridge;‘Hill.(1937)) is present and extends
about three-eighths’of the total length from thevﬁroximal border caﬂdad.
‘There are several sunken lines on the medial surface distal to the lesser -
irdchanter which merk the ereas of insertion of tendons of M. iliacus,

M., pecfinéus, gnd M. edductor longus, The proximel end is bent slightly
créniad but fhe-remainder of the shgft is nearly.straight. The distal
end is enlarged to form two condyles which #re_abdutvequal in.size. The -
poplitéalgroofe is deep and U-shépéd and the ﬁatellar groove shallow and
father-narrow. Neither the laferal nor the medial epicondylihaa become
mafkédly roughened by the attaghment of_ligaments.

Thé femuré of the three species show no axtenéive_ditferenceé'in

structure} the head is slightly more'overhang;hg in serpens than in

townsendi or lengicauda. In percent of functional limb length the femur

measures 374 in serpens; 40.1% in townsendi; 39.7{ in longicauda; and 36%

in richardsoni..

Tibio-fibula-

The tibia an& fibula are ankylosed for nearly one-half of their
lengthsg the,ﬁroxima1:551 of the 1eng£h of each bone being free. . Tﬁe
articular surfaces for the femur are large and the medial and lateral con- -
dyles arénof approximatgly the éame'size. The articular,surfqge is concave

in transverée section. The tuberosity is pért of the common prozimal
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epiphysis. The position of the insertiqn of the large pate}lar tendon is
indicated by.d scar between fhe condyles, ' |

The body of the tibia.between the roximal epiphysie and the unioﬁ
with the fibula is long and crescent-shaped; The crest (Qr lateral border)
bégihs caudal to tﬁe tuberosity and runs almosf perallel to the laterel
surface.: The ares of insertion of M. semimembranosus is located near the
medial‘b&r@gr distel to the qpiphyﬁeal line end distal to the latter are
the insertions of M. gracilis and M. semitendinosus., The medial crést
begins distal and caudel. to the condyles and curves fifst mediad and then
laterad, becoming indistinet. _ |

Relative to the tibia, the fibula is more caudal than lateral in
position and the head forms part of the proximal epiphysis. Near the epie
physeal line there is e roughena@ area which mﬁrks the point of attachment
of the fibuler épllatergl ligesment, The body of the fibula is very
slendef and the interosseous crest is.poorly defined, |

The cégoinad tibia and fibula is long and slender. There ere
ridges onlthevlaterocranial surface near the mallioli which répresept the
margins of fhe two bones, The disfallena of the tibiofibu;; consists of
both grboves and mélleoli."The tendon of ﬁ_ peroneus longus passes |
through an oblique groove on the lateral surface. The medialvmalleolus
bears two fainf grooves through which pass tendons of M. flexor tibialis
and M. tibialis posterior., The distal end of thé tibiofibula articulates
‘with the talus and calcaninm; ‘ |

| The tibiodibula is_iongest in sefpans. Meésured in-percent

of functi;nal 1imb length the results are 52.7¢ in serpens; 50,27 in
townsendi; 507 in longidauda; and 527 in richardsoni, Tt .is decidedly
lbnger than the femur iﬂ ell ceses. “Thé perceﬁt of the‘bone.whiqh is

separate is 42.8{ in all species,
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“Foot-

The riéid fusion af the tibia and fibula probably has an éppre—
ciable effect on lessening the amount of rotation of which'the foot is
Cépable. Flexion of the toes mekes measurement of the foot very difficult.
however' tﬁe-foliowing measurements which have been convefted to percent
of functlonal limb length were obtained: 41.1% in serpens' 44, 2% in

townsendi; and 45i in longicauda,

®

Tar sus-
The following diagram illustrates the positions of the eight bones
of the tafsus:

Tibio-fibula
f
Talus

— . T~

Tarsalé medialis

Calcaneum
. | (lel&lls)
Cuboideum Navxcular
o o \\\\\\//
" Cuneiform III Cunelfonm II Cuneiform I’
SN I . j \

Met. V. —— Met. IV Met. III Met. II Met. I

Metatarsus-

The fifth metatarsal is thé smallest being shorter than the first
. which articulates with the cuneiform and with the second metatarsal as

described by Hill (1937).

fhalanges-
The phelanges of the hind foot are short bones. They are much

shorter and more slender than the corresponding'bones of the manus,
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Branchiomeric Musculature
]

' Masticatory group (fig{_IS) supplied by the masticatory nerve (branch of

%rigeminél).

. M. masseter:
a) M. masseter superficialise is a sheet of muscle erising ventrsl to the
ihfraorbitgl foramen and 1nsefting gﬁ the ventral margin of the mendible
and .on the masseteric ridge. ‘
b) M. masseter lateralis protundns; pers anteriore arises from the rostrum
and adjacenf’part of thé,zygomatic arch and passes to the lateral surface

“~'of the mandible (oier a large area): |

) ¢) M. masseter lateralis pfbtundus} pars posterior. arises.trom the lateral
and medial ;urfaces of the zygomatic arch and inserts on thq anﬁulﬁr
process of the mandible, |
d) M. masseter medialis, pars antgrior- erises from the medial surface of
the zygomatic arch and inserts'onto the coronoid prodéss‘of ihe mandible,
e) M, masseter medialis,.pars“posteriorabarises from‘the angl;<of the
zygoma (medial surface)'andvingerts_og the ramus of the mﬁnéible (over a
large afeé).

The entire muscle is enclosed in a heavier fascia in townsendi

and longicauda than ‘it is in serpens but in the latter species there are

more muscle fibres p:esent in the superficial part, In richardsoni the
fascia is very much heavier as is also the platysme gﬁd the\Pann/;y/us
carmosws. The origin and insertion of esch part is the seme in ell of the

species;.a~rule which hqldsvfar the majofity of the musqles,

M. temporalis- is a large and eaally discerned muscle, especially in. the

region of insertiop. It ariaes by an aponeurosis from the temporal ridge
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lateral to the interparietal vith no sién of division info deep aﬁd‘super;
ficial fibres. However two distinct arees of insertion.occur, the super-
ficiel fibres insert on the tip of theréorbnoid process and the deép
tibres on the medial surface of the samaiprocess. |

M. temﬁoralis occupiﬁs & relatively larger érea in townsendi end
longicaude but it conteins fewer fibres. In richardsoni it is decidedly.

smeller.

‘M. pterygoideus externus- takes origin from the parapterygoid plate and

fibres run laterell and caudad to insert on the medial surface of the

mendibular condyle. '

M. pterfgéideus internuaf iz supplied by the mediel branch of the mandibu-

lar nerve, It arises from the pterygoid fosga, i.e., the aree betveen the
lateral and ﬁedial pterygoid plates and inserts ente”the mediel surface of
. the angular prdcesé of the mandible. This muscle is decidedly heavier in

serpens than in any of the other speciés. In towmnsendi it arises from the

lateral surfece of the‘internql pterygoid plate. Gogaidering the degree

of development found in the eother masticatory muscles it is e well-

'~ develeped muscle in richardsoni.

Mylohyoid group (fig. 16) supplied by the mylohyoid brench of the

ﬁandibulgr nerve

"M. mylohyoideus- arises from the mylehyoid ridge (i.e., the ridgé ventral

to the cheek teeth) of the mendible end inserts on the hyoid arch,

M. transversus mandibularis- is a poorly-definedvmuéc;e congsisting of a
few fibres which fun transversely between the halves ¢f the mandible., It

“is v131b1e vhen the digastrlcus is cut away.

In townsendi and longicauda it gives the appearance of being

'
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slightly heavier although there are still very few fibres present. The

origin and insertion is more cleerly defined in the latter species,

M. digastricus- is divisible into two parts. The anterier.bellf arises.
fro@'fhe body of the hyoid and.from the arch ventral to tﬁis and ine
serts on the oblique ridge of the mandible and on the fessa.caudal t§ the
symphysis of the mandible. The right and left parts are sepﬁrdted.

‘The posterior belly arises from the p#raoccipital process
(jugular process) ;nd ingserts en the hyoid‘archbby a tendon, Bbth parts
are well-develepéd and they arF geparaégd by a constriptipn in all of the
species‘although most noticeably ‘largest 1n‘serpens._.in richardsoni

the muéclq is more strap-like,

Constrictor colli groupe supplied by fhe superficisl brenches of the
| facial nerve.

M. platysma (fig. 15) shows no tendency to divide into sphincter colli
primitivus aé described by Howell.(l926)._ Twowll-develeped heads to the
sheet of muscle,#re found? one in ihg héad.énd the othernin the neék
a regiou.. The craniel part arises from the mid-dorsal line (under levator
auris longus), the base of the ear, and thq parietal rogibﬁ (under
funtalis), and :inserts’:. onto the skin in the~11§ region, ‘

| The superficial layer lies'in the ventral neck region where it
eriges along fhé mid-ventral liné from the pectoral region to the ‘
symphysis mandibuli, and inserts:-onthe fascia of the méssefer and of the .
shoulder. | |
| The muscle sheet adhergs more closely to the skin in townsendi

and longicauda than it does in serpens making it more difficult to define

its lﬁmits.v There is a?much-éreater development of muscle fibres in the

platysma of richerdsoni tban in any other species.
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M: postaliricularis- (levator euris longus) is divided into cranisl and
caudal portions. The cranial pert arises from the spines of thejgirst'
three or four cervical vertébrae an& insefts onto the base of the ear
(enterior to the insertion of the caudal porfion). The caudal part
arises from the fourth and fifth vertebrae and inserts onto the base of
ithe ear and onto the interparietal bone lateral to the ear,

In towngsendi this muscle is not as well-developed, it insérts
onto fhe skin of the ear and the.areé immedietely cranic-dorsal te the

~ ear. It is well;developed in richardsoni and is directed more laterally

than in the other forms.

M. auriculeolabialis« not found,

K. sternoauricularis- not found.

M. nasolaBialis; (zygomasticus) is a very indistinct muscle in serpens,

consisting of a sheet of muscle wvhich arises on the surface of the
zygometic arch and inserts at the upper corner of the mouth, 1.é., becomes
attached to the mystacial pad of connective tieeue; It is similar in

townsendi and longicauda but is less develeped in richardseni,

M. maxillolabialis- (leﬁator 1abii) is Qell-develcped and easily dise

tinguishable. _Itioriginﬁtes on'the‘premaxixla in the region of M. orbicu-

laris oculi and;inserts on the mystical pad of the upper lip. It is a

slightly heavier muscle in sérpens than it 1; in townsendi.

M. maxillonasslis- (dilator ﬂggg‘l)'pashses under M, maxinc;xabialis after -
it has ariéen f:omA;he surface offthe hgsalvbone directly iﬁ front of the
eye and cloge to M, orbichlafis oculi. It is 2 thin muscle which becomes
téndinbus Qna inserts on the lateralléide of the aﬁterior nasal opening,

This muscle also shows the best development in serpens although the
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variestions are slight;

M. orbicularisloculi- (fig. 15) is well-developed in serpens. Fibres run
around the eye and adhere to the skin in some cases. The fibres arise

from fhefﬁamulus of the lachrymal bone and from the fascia ‘around the eye,

In townséndi’and longicauda the muscle is very pdorly developed with the

fibres less numerous and more difficult to follew,

M. orbicularis oris- is well=developed in serpens and divided inte at

least.five slips which arise from the mandible, neer the incisive alveoli,

and from the medial line ventral fo the nostrils. In townsendi and

longicéudauthe slips are not as readily separable.

M. buccinatorius- runs under levetor labii (maxillolabialia) and in a

direction at right angles to it. It origin;t§$ from the roétrum along a
ridge férmed by the upper incisor and frbm the area antérior te the later-
alis’p:ofundﬁs pars anterior‘portion 6f M. masseter. It inserts onto

M. orbicularis oris,

In townsendi and longicaude this muscle inserts upon M. orbicu-

laris oris by five distinct slips thet originate from a single head upon

the rbstrum.

A thin muscle4was'f6und in .serpens paséing from under the edge
of M. buccinatorius and-fusiné with M. erbicularis oris or‘passing under
it. Th;s may correspond t; thé éphinter muscle of the pouch which is
described by Hil; (1937). The muscle ﬁe#sqred appfoximately 3.1 ﬁmg. in
width and 6 mﬁ;!liﬁ lenéﬁh.’ If was found in each specimen of aerpoﬁé
dissectqd. .

-

- Hyoid constrictor group- supplied by the facial nerve and derived from the




-33.

ventral constrictor of the hyoid arch,

M. digestricus- is described with the mylohyoid group.

M. stylohyoideuss was discovered only after some searching as there is

very little muscle fibre present, the larger portion of the mass consist-
ing 5: connective tiesue. It arises from the same area as the posterior

belly of M. digastricns.and'passes under the latter muscle to insert on

+

the hyoid.

N ~

In townsendi and longicauda the muscle is poorly definod and in

these species it inserts on the greater cornér of the hyoid in a position

which is much more lateral than the area of insertion in’ serpens,

M. jugulohyoideus- was not found. According +0 Hill (1937) this muscle

disappears with tha loss of the stylohyal cartzlage. -

M. stapedius- not found.

Trapezius. group- (fig. 18) These may be branchiomeric muscles with a

sepondari cervical innervation. Ontogenetidally the "

group arises from the mesenchyme of the branchidl arches.

(Edgeworth, 1911; Lewis, 1910)

M. sternomastaideﬁa- is well—develeﬁed in serpsns but shews no evidence

of a double insertion as described by Greene (1935) in Rattus. It arises
from the lateral surface of the manubrium sterni aﬁd inserts on fhe
me.stoid surface of the squamosal.

In townsendi it is & fairly welledeveloped muscle which arises

from the clavicle at its point of junction with the manubrium sterni,

M. cleidomastoideuse runs under M. sternomastoideus but is a thinner

muscle, It srises from the lateral half of the clavicle and inserts with

~
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M. sternomastoideus onto the tip of the mastoid process,

M. cleido-occipitalis- (clavatrapezius) is a well-defined muscle which is
readily discovered running obliquely between the trapezius and sterno-
méstoid muscles, It originatés from the lateral third of the posterier

v

‘border of the clavicle and inserts on the superior nuchal line.

M. trapezius- (fig. 18) is divisible into M. acromiotrapezius end M. spince

trapgziué.

M. acromiotrapezius- is a weIladéveleped,‘heavy muscle which arises from

the superior nuchal line and from the mid-dorsal line over the first four
thoracic vertebrae and inserts onto the spine of the scapula and the

acromion process.

In townsendi and longicauda the origin is from the s#me ares as

it is in éarpens.bnt in the latter the muscle development is sufficiently

great to give the effect of a ridge on either side of thé mid-dorsal line,

By comparison; the muscle is flat in townsendi and longicauda,

M. spinotrapezius- is divisible in serpens into & small posterior and a

large anterior port;on. The smaller part srises from the sixth and
seventh thorecic vertebraé end inserts on the spine of the scapul@. The:
larger part, arises from the adjoiningfascia.an@ the mid-doréal 1in§ and
inserts on the spine and crest of t£e7gca§ula.

In townsendi and longicaude the posterior portion is long and

strap-liké and the antefior portion is limited, arising from the fascie
above the fifth thoracic vertebra and inserting with M. acromiotreapezius

onto the spine of the scapula, In richardsoni only the postorior portion

is present,
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Myotomié Musculature

"Lingual musclesf supplied'by the hypoglossal nerve. Thé huscles of this

group were not dissected out.

Muscles of the Body

A. ‘Dorsal Diviéion

The epaxlal muscles are supplied by branches of the dorsal rami

of the spinal nerves."

Superficial'spino;occipital group=-

M., splenius. srises from the nuchal ligement and inserts on the superior
nﬁchal'line for almost its entire'length. In the other species the

origin is aléo from the nuchal ligament‘but‘it is a heavier and more

3
’,

: obvious mdgcle‘in longicauda then in ‘either serpens or townsendi. The

. difference may have been due, in pert, to the preservative used,

sacrospinalls group- (2ig. 17) .

’

M. sacrospinalis- is found in a position lateral to M. longissimus dorsi

and consists of a number of slips whioh pass over three ribs to insert on
the fourth or onto the transverse processes of the lumbar vertebrae.
The slips arise from the ilium, sacral and lumber vertebraze, and the ribs.

In townsendi there ar§ not as meny fibres to each slip of the

: muécle.as‘there'are in serpens and the anterior slips pass over ‘only two .
ribs to insert on the third creniad. In ridhardsoni as in serpens the

slips pass over three fibs.

'm. iliocostalise appears to be continuous with M. sacrespinealis, It is

divisible into three parts, the lumbar part inserts on the last five or

six ribs, the dorsal bart on the middle'ribs, and the cervical part on
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the first rib and the last two or three cervical vertebrae. Bach slip

 passes over three ribs to insert on the fourth creniad,

M. longissimus; congists of ﬁundles of muscle fibres which arise from the

'mémmillafy processes aﬂd pass over two vertebree to insert on the third
craniad, Insertions occur on the caudal ten ribs and on the accessory
processes of the thoracic ané lumber vertebrae. The several sub-divisions

usually described for this muscle are not well-differentiated in the

Microtine species studied.

M. extensor caudeae lateralis- arises from the tr#nsverse processes of the
lest two sacral and the firsy few caudal vertebraé end inserts on the

) articular processes of the caudai vertebrae. The tail of serpens is re-
duced and the muscles that move.it sﬁow a corrésponding reduction, In
townsendi the better dévelo?ed muscle originates on the last.three

sacral vertebrae.

‘M. spinalis dorsi. is united with the fibres 6f M. semispinalis in both

- serpens And townsendi,

" Semispinelis group- (fig. 17) includes muscles which have fibres arising

from traﬁsyerse processes and insefting on the sgpines

or lamellae of vertebrae. .

M, éamispinalis capitis- is a large single muscle in serpens which ariges
from the trensverse processes of the second to seventh cervical vartpﬁrae
and froﬁ thé fifst to ninth Qr.tenth thoracic vertebrae and inserté onto
“the midd1§ part of thé sﬁperior nuchal line., |

In townsendi and longicauda the muscle is roughly divisible inte

regions which probably correspond to the ones given by Howell (1926)., The
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anterior part or biventer cervicia arises.from the cervical vertebrae
including the axis and the posterior part from the first six or seven

thoracic vertebrae. ‘Both portions insert on the superior nuchal line.

. M. semispinalis. consists of fibre§ which interconnect the spinous prow
cesses. They erise from the mammillafy processes of the lﬁmbar and last.
few thoracic vertebrae and from the iransverse processes of the othér
thoracic vertebrae. Generally the fibres pass over two vertebraolto ine

sert on the spine of the vertebra threecraniad but considerable variation

occurs and in some parts only one segment is passed over.

M. extensor caudae medialis- is continuous with M. semispinalis, The

fibfes arise from the spines of the last sacral and first few caudal

vertebrae and pass over two vertebrae for insertion. The entire muscle

shows greater development in townsendi end longicauda than it does in

serpens,

B. Ventral Division:

Includes all the remaining skeletal muscles of both the body and
the ﬁppendages. Brandhea of ‘the ventral remi of spinal nerves supply

these huscles.

Cervical'prevertébral group- supplied by branches which arise from the

ventral rami aa they emerge from the intsr-

vertebral foramina,

M. rectus capitis anterior- gfises from the margin of the transverse
process ;nd ventral arch of the atlas and inserts on the basal part of the
occipital (anterior portion) and to the meaial half of the jugular pro- .
cess (fostérior portion); Thisvﬁuscle is less clearly-defined in

townsendi and longicauda than it is in serpens.
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M. longus capitisg- (longus atlantis) originates from the carotid tubercle

of the sixth cervical vertebra and the ventral pai'ts of the fourth and
fifth cervical vertebrae and inserts‘on the tuberosity near the occipito-

‘sphenoidal suture.

In townsendi this muscle covers a larger area but it does not

contain as many fibres as are found in serpens,

M. longus colli. is divisible into caudal and cephalic portions, .The

cephalic part arises from the ventral surface of the sixth cervical
vertebra and from the ventral part of the transverso processes of the
third to sixth cervicel yertabrae and inserts on,the ventral part of the
- axis.
The caudal part arises from.the heads of the first two ribs and
from the lateroventral surface of the first three thoracic vertebrae and

the last cervical vertebrao and ingerts on the Ventral tubercle of the

sixth cervical vertebra.

Lumbar prevertsbral groupe

M. quadratﬁsvlumborum- ariges from the last lumbar and the first sacral

‘vertebrae by tendons and inserts on the bodies of the last two or three
thoragié vertebrae and on the latersl surfaces of the first three lumbar
' veftebfae (n§ costal insertions were found), This muscle shows the

‘least deveiOpment in serpens. In townsendi an&_lohgicauda it i3 a dew

cidedly heavier muscle and this.is_alsq true to some ex?ént of richardsoni,

M. psoas minore ﬁay have been derived from M. gquadratus lumborum according
‘to Gregory and Camp. (1918)., It arises from the iliopectineal eminence and

ingerts on the bodiaé of the first four or five lumbar vertebree,

°
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Caudal flexor group-

M. flexor caudaé'lateralisq arises from the pebic surface of the ilium
(origin is restricted to the 'sacrum) and inserts on the chevron bones of

tbe tail and on the ventral surface; of the caudal vertebraé.

H; flexor caudae medialis- is divisible into three parts. “The ciénial
pgrt originaﬁes from the radius and the transverselérocosseé of the second
and third sacral vertébraé. ‘The int?rﬁediatc part arises from fhe bodies
of the second to fifth ;acrallvertebraé and the caudai part, which is
small, érises from the first two céudal vertebrae. All of the parts ine
.sert with M. flexor caudae latexalis on the chevron‘bonas of the tail,

This muscle is developed most 1n.16ngicauda and least in serpens.

Medial ventral cervical group-

fhé muscles of this-éroup develop ontogenetically ffﬁm a single rudiment
(Edgeworth, 1916), The geniohyoid is supplied by the hypoglossal nerve
énd thé infrahyoid mﬁscles are ihnervafed-bf & special nerve ihich arisﬁs
f;om the loop between the first and second céfvical nérves‘indbpendent

of the hypoglossal.

'M.'ganiohyoideus- iswall-devélcped‘in serpens but it is not a large

muscle. It arises from the hyoid arch and inserts on the symphysis of
the mandible

In townsendi and longicauda the origin is from the postérigr

cornéd of the hyoid.,

ﬁ: sternohyoideus- is the chietf muscle lying ventral to the trachea., It

arises from the posterior end of the manubrium sterni and from the costal
cartilage of the second rib and inserts onto the lower border of the body

of the hyoid.



40.

As is the case with many of the cervical muscles M. sternohyoideus

is much more clearly defined in townsendi and longicauda than 1t is in

serpens. The muscle is largest in richardsoni,

M. sternothyreoideus- is a well.developed muscle which arises from the

lateral part of the thyroid cartilage and inserts on the hyoid.

M. omohyoideus- is well-defined and fairly large in serpens. It arises.

from the cephalic border of the scapula and inserts onto the hyoid (deep

and lateral to M. Sternothyreoideus).

Medial thoraco-abdominal group-

M. rectus abdominus- is attached to the crest of the ilium, the first ribd,

and the manubrium sterni. The two halves of the muscle are divided in the
abdominal region by the linea alba, The muscle on each side arises by

several slips some of which cross the.mid-ventral line, .

The external oblique, internal oblique and transversalis abdominalis
lmuscles are all very thin and practically impossiblo.to separate in any
of”the species. The external oblique is continuous with M. serratus
anterior, i.e., its fibres interdigitate with those of the latter muscle
and it inserts:onto the crest of the ilium and the body of the pudbis., It

spreads out like a thin fan over the ventral and lateral surface of the Body.

Lateral cervical group- supplied by dorsal branches of the ventrel rami of

the cervical nerves, M. scalenus is alse inner-

vated by the first two or three intercostal nerves,

M. rectus capitis lateralis- arises frem the transverse process of the atlas

and inserts on the medial ridge of the jugular process,

M, scalenus- is divisible inte two parts. The dorsal portion arises by
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a tendon froﬁ the transverse process of the atlas and inserts on the third, -
fourth and fifth ribs. The vgntral portion afises By 8 tendon from the .
dqrsal muscle and from the transvorse prdcessas of the last six cervical .
vertebrae andiinéerts on the dofsal part of the l#st 8ix cervical vertebrae

and on the cranial surface of the first rib.

No:approqiabie variations were discovered in any of the muscles

" of the lateral cervical or the lateral thoracoabdomiﬁal groups,

Lateral thoracoabdominal group- (fig. 16) supplied by the intercostal and
>',> first lumbar nerves and by the inguinal
- nerve.

M. serratus posterior subéfior- ariges. at the mid-doreal line between and

beneath the scabulae and over the first thoracic vertebrae and inserts on

the cranisl side of the fourth to ninth ribs,

.“‘ M. serratus posterior inferior- arises from the last thoracic and the fifgt

two lumbar vertebraevand ;nserts onto the caudal surfaces of the last four
ridbs,

M, sternocostalige not'found.

‘Mm. subcostalis- (intercostalis interni) arises from the pleural surfaces

of all but the_fifat rib and frog the transverse broceséeq ef‘the tirst

two lumbar vertebrae and inserts on the second ribcﬁaniad,-

. Mm., lévatdres costarume (infercostalié externi) arise by tendons from the

accassoryiprodesses of tie thoracic vertebrae and run caudeventrad $o

insert on the ribs,

M. transversalis thoracis- arises from the Xiphisternum and the last three

sternebrae and inserts on the'cpstal cartilages of the second to tenth ribs,
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iAppendicular Musculature
The l;mb musclos'aro divid?d into,extehsorfandvflexor systems
which are.supplied by dorsal and ventral branches, respeétivaly; of the
bréchidl and lumbodorsal plexus. Mest of the muscles attached to the

pectoral girdle show & marked increase in size in serpens,

Muscles of the Pectoral @irdle and Limb

A. Extensor System

-Costo-spino-scapular group- (fig. 19)

M. levator scapulase- is quité distinét from M., serratus anterior but cone
tinuous with it in serpens. It'arises from the transverse processes of
the first four or five cervicéi vertebrae and insgeris onte the vertebral

border of the scapula}

M. serratus asnterior. arises by fleshy digitations from the first fé

_sixth or seventh ribs and inserts onto the vertebral border of the

scapula posterior to levator scapulaq.

M. levator scapulae and M. serratus anterior zre two'not distinctly

- separable muscles in townsendi and,longicanda."Thoy.aro not, however,

" a combined single muscle such as that doscribeé By Hill,(1937).

M. rhomboideuse- is 8 single, large muscle in serpens which arises froﬁ
y ‘ : . 5 S ———

the ppines of all the cervical and the first four thoracic vertebrae and

-inserts on theflateral margin of the vertebral border of the scaﬁula.

In townsendi and longicauda it is a smaller and thinner muscle.

In serpené the muscle is actually larger than it is in townsendi although
the latter species is one and one-third times as large as the former by

volume.
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‘M. oc¢cipitoscapularise (rhomboideus capitis) arises from the lambdoidal

ridge and inserts on the vertebral berder of the scapula, This muscle is

" relatively heavy in all of thé species. )

M. omocervicalis- (levafof claviculae) arises from the transverse process

”

ot‘the atlas and iﬁserts.on the metacromion procoés of the scapula,

Latissimus-subscapular groupQ supplied by the subscapular nerves,

M, letissimus dorsi- arises from ﬁhe spines of the last two or three

thoracic .and the first two lumbar vertebrae and inserts through the axilla
between the extensor and flexor muscles onto the shaft of the humerus. 1In
townsendi this‘muscle ingérts onto the axilla by three widely-separated

 heavy digitations rather than by a single insertion as found in serpens.

M. teres major- originates trom»the axillary border of the scapula and

inserts onto the medial ridge of the humerus, In serpens it is slightly

better-developed than in the other species,

K4 .

M, subscapularis- cen be divided into four bipennate parts which arise

from the subscapular fossa and insert by tendona onto'the lesser tubercle

~

of the humerus.

Deltoid'groupg,(fig. 18) supplied by the axillary nerve.

" M, deltoideus-.is divisible into tio parts in serpens; M. acromiodeltoideus

and M. spinodeltoideus.

M. ecromiodeltoideus- arises from the lateral half of the clavicle and

the acromion prqceséwof_jpe sc&pul@fand inserts onto the deltoid ridge -

of:thé'humeruaz ‘In.serpohé'fhis muscle is very well developed and covers

~ the entire lateral portion of the shoulder., In townsendi and longicauda
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it does not cover as great»an area and consequently is'nct asvprcminenf.

M. spinodeltoideus- is a small rather indistinct muscle which arises from

the spine of the»scepula and inserts onto the deltoid ridge beneath
M. acromiodeltoideus. It displays no significant differences in"jhe

species examined.

M., teres minor- arises from the ventral part of the axillary border of the
. scapule'and inserts onto the greater tubercle of the'humerue;’ Tt was -

found to be. & narrow but distinct muscle in all of the_species.‘

Suprascapular group- supplied3by the suprascapular nerve.

M. infraspinatus- is a b1pennate muscle which arises from the whole o! the

: infraspinous fossa and inserts ento the greater tnbercle of the humerus.
. In townsendi and longicauda it is not as distinctly bipennate as it ie“in

serpens.

M. supraspinatus. is also bipennate but it i8 a heavier muscle than

M. intfraspinatus, It arises frem the- whole of the supraspineus fossa and
the spine of the scapula and inserts by a tendon onto the greater tubercle

of the hgmerus°

~Triceps.grodp-‘supplied'by.the radisal nerve.

M. triceps brechxi- erises by three distinct heads in serpens. Caput

longum is the largest part of. the muscle but 1t is net separable inte
‘'superficial and deep parts as described by Hill (1937) in Thomomys. It
takes orlgin from the axillary border of ‘the scapula for most of its .
length and from the infraglenoid tuberosity and inserts with Caput laterale

and caput mediale~onto the olecranon precess'ef the ulna., In serpens the
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insertion is extensive. Caput laterale arises from the greater tubercle
of the humerus and caput mbdialé from the medial surface of the humé;us
ceudal to the ingertion of M. teres major.
The seme three yeads are found in ell of th§ species but varise
tion ‘in a?ze of the belly of the muscle occﬁrs, the greatest development
‘being found in serpens, .
’  Triceps shows the same tendency to shorteniﬂg in'serpen§ that is

found in éll the muscles of the brachium,

M. enconeus- is a rather smell musq}e, arising from the caudal surface of
the lateral epicondyle and inaerting’ontg the laterel surface of the

olecranon process. In townsendi and longicaude this muscle agpears te be

relatively larger but there is little actusl difference in size.

M. dorsoepitrochlearise inserts with M, triceps onteo fhe olecranon

process; In townsendi and longicaude the two are indistinct, but in

serpens thé two muscles are completely seperable. The dorsoepitrochlearis
takes origin from tbe fascia of M, letissimus dorsi'and M. teres major,
In towngendi and longicauda no origin from the fascie of M. teres major

was found,

Extehsor group of4the fore-erm- extensor cgfpi radialis ig_supplied by the

radiel nerve before it divides. The other
two muscles are supplied by the(déép remus

of the dorssl intqrosseous‘harve.

M. brechioradialis= not found,

M. extensor carpi radialisllongusf is a slender but well-defined muscle

which arises from the laterel epicondyler ridge of the bumerus. It is
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continuous with & tendon which passes over the carpus mediél to its centre
and inserts onto the radial surface of the second metacarpal,
In townsendi the muscletis lerger than that found in serpens and

insertion takes plece neer the base of the second metacarpal,

M. extensor cafpiirédialis brevis- arises from the lateral epicondylar
ri@ge superficial to M. extensor éarpi radialis longus with which it
" passes over the carpus to insert on the dorsal surface of the third meta-

cerpel, This muscle is broader in townsendi than it is in serpens.

' M. supinator- arises 'at the elbow joint by & stout tendon whiéh is

attached‘to the radial colleteral ligdment and inserts into the craniel
border of the radius. This is the deepest muscle of the antibrachium

and it is not particularly well-developed in any of the species.

M..abductorﬁpollicis-_arises from the ulnar surfece of the radius and
fiomvthe body of the ulna and inserts by a2 double tendon which passes
'through a groove in the wrist to the first phalanx of the pallex and the

first metacarpal

‘The other extensor muéqlea of the fore-arm are similar in all of
the speciés but as the tendons are smellest in sérpena they are most
difficulf to find in that species; _InirichardSOni,the fown feet are large

and the tendons are cofteapondingly aeveloped.

M. extensor digitorum communis- arises from the lateresl epicondyle ofvthe
‘humerus and inserts onto digits two to tive et the bases of the distal

phalenges by tendons which pass under the trensverse ligament,

M. extensor 1ndlcls et pollicise arzses from the laterel epicondyle and

" radisl collatersl ligament and ‘inserts onto ‘the dorsum of the pollex A
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gecond slip joins part of Mg'extensor digitorum communis which passes to
the second digit. The tendon of this muscle passes over the tendon of

M. extensor carpi radialis brevis on the manus.

¥. extensor digiti quinti proprius- is & slender muscle which ﬁrises from

the lateral epicondyl of the humerus and inserts into the second phalanx
of the fifth digit, its tendon passing under the trensverse ligament. A
slip to the fourth digit mey also exist but it was very slender and

indefinite,

M. extensor carpi ulnaris- arises from the distal part of the lateral epi-
condyl and from the lateral ridge of the ulne and inserts by a tendon,

which passes along & groove on the ulnar side of the wrist, to an erea

neer the base of the fifth metacarpal,
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Flexor System

Pecforal groﬁpf (fig. 18)lsnppiied by the two anterior tﬁoraéic nerves
| withvtge exception of M. subclevius which_is supplied‘by
VA.a Specigl.perve. |
Thqéa.mﬁgdlesvare much'iﬁrgerAin serpéns than in eany
of the‘ofher speciqa; When fhé muécles were diséécted
tfom each speciﬁen the volumg of muscle from serpens was
.foﬂnd-ta be'practicalfy identic&1 with that from the
specimep of,townséhdi.although the latter had ; body vole
ume almost one and one-third times #s great as that of

the former{

M. ectopectoralis (peétoralis major)--is divisible into superficial and

_deep parts., This is & very heavy ﬁﬁscle iith a superfi@ial pert ar;éing'
from the mahubriuﬁ sterni and inserting Oﬁ tﬁe delt?id ridge of the
huﬁeru§ and a'deep part arising from fbe manubrium end from the first
fouf’sternebrae énd'iﬁserting on the deltoid ridge and‘the'fascia of the
arm. | | _ |

.‘The divisions into superticial and deeprmpts afg more definite

in townsendi'and.longicaudu then they are in serpené.;

"M. entopectoralis (pecforalis minor)- is & large muscle which arises from

the second to fifth sternebrae and fhe xiphisternum and inserts on the

deltoid ridge and the coracoid process. In.townsendi and’lohgicauda:no

fibres take origin from the xiphisternum.

M. pectoralis abdominsalis- (xiphihumerglis) arises from the xiphisternum

and runs deep to M. ectopecforalis %o insert on the laterel ridge of the

humerus,
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M. cuteneus meximus- is part of the penniculus carnogus which arises from
‘the humerus and'thé surface of M. ectopectorélis by fibres which converge
_in the glutkel mgion and at the base of the tail, This muscle wes largest

in richerdsoni,

Flexor group of the arm- supplied by the musculocutaneous nerve with the

exception of some fibres of M. brachiaslis which are innervated by the -

~radial nerve,

M. coracobrachialis- arises from the coracoid process of the scapula to-

gether witp the short head of biceps brachii, and inserts on the distal
two-fifths of the median ridge of the humerus caudal to the insertion of
M. teres mejor., No distinct separation into two parts was found. In

townsendi and longicaudae the muscle covers & lerger ares then it does in

serpens.

W

.

:M. biceps brechii- is divigible inte two parts. Caput longum takes origin

in the glenoid fossa and inserts on .the tuberositj of the ulna, Ceput
‘breve arises from the coracoid process of the scapula and inserts into the
tuberosity of the radius., In townsendi the division is not as distinct

o

as it is in serpens,

l M. brachielig- takes origin from the lateral surface of the_humerus and

the base of the greater tubercle and inaerts=with caput longum of M. biceps

on the ulna. In townsendi and longicauda two origins were found which

‘were similar to those descr;bed by Hill (1937) for Thomomys. In these

species a second origin lacking in serpens occurs from the cephalic border

of the humerus,

Flexor group of the fore-arm- éupplied by the median and ulnar nerves,
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M. epitrocﬁleo;anconeus- is supplied by the ulnar nerve. It is a short

,muscle which arises from the medial epicondyl of the humerﬁs and inserts
on the olecranon process of the ulna, 1In serpens the tendency is for this
muscle to be nearly covered by the insertion of the long head of M, triceps

brechii. In townsendi the musélé is much more cleatly;defined.

M. flexor cerpi ulnaris- is a single muscle in serpens which arises from

the ceudal surface of the olecranon and inserts on the pisiform bone,
The epibondylar head described'by Hill (1937) was not found in any of the

species and may represent the primitive'condition.'

M. pelmaris longus- erises from the medial epicondyl and inserts into tﬁo
fascia of the hand., The insertion may extend to the falciform bone but

it wes very indistincf in serpens. In townsendi it was more readily ‘

followed and insertion on the talciform bone was observed,

" M. flexor carpi radialis- arises from the medial epicoendyl and insefts
on the second and third metacarpals but‘the exact source of innervation

could not be determined.

M. pronator teres- is a stout, well.defined, muscle which arises from tﬁe.

medial epicondyl of the humerus end inserts on the cephalic border of the

redius,

M. flexor digitorum sublimis~ corresponds to the éondylo-ulnar'flexor

(described by Mcuﬁrrich, 1902b).. It arises from the mediel epicondyl
and inserts on the second phaléngeé of the middle three digits with the

most ulner part dividing to insert on both the fourth and fifth digits.

This muscle reslly consiéts;of three bipennate muscles bound toéether.

M. flexor digitorum profundus- is divisible into three heads. The ulnar
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head3atis;s from the prozimal part of the médial surface of the ulna,  The
centrel (condyler) head'#risgs from the‘medial eﬁicond&i'and thé radial
heed from the proxiﬁal ﬁhird of the radius, |

| Tendons from the three hesd; unite at the wrist to férm 8

“common tendon which divides into five pafts'each of which inserts on the

terminal phalanz of & digit. In townsendi and longicauda the insertion

on the pollex was missing.

M. pronator quadratus- runs in an almost tranaverse'direction betvéen'the

radiﬁs and ulna, It arises from the distal querter of the ulne and

insérts on the coriesponding part of the radius,
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Muscles of the felvic Girdle and Limb

A. Extensor System

None of the muscles, attached to the pelvic girdle, exhibit
variations in the three species which are sufficientiy great to be cone

\

sidered adaptive.

Iliacus group- (fig. 20) is analogous to the subscapulsr group of the fore-

limb. Some fibres of M, pectineus are supplied by the
oﬁturgtor nerve and are probably derived from the adductor
éroup; the other fibres of M. pectineus and the other
m;mbérs‘of the group ﬁro sﬂpplied by branches of'the femor-

al nerve,

M. iliacus- is & étogt, welledefined musblevwhich arises in the iliac
fosse and from the tfansverso processes of.the lastviumbar iertebra. It
inserts on the lesser trochanter, deep to M. psoas major and partly én the

" shaft of the femur,

M. Fsoas majore méy heve been derived from M. quadretus lumbarum as de. .

scribed by Gregory and Camp (1918). It arises from the iliopectineal

" iminence and inserts onto thé boréers of the first three lumbar vertebrae.

M. pectineus- arises from the pubis creanied to the origin of M, adductor

longus and inserts on the medial shaft of the femur,

Gluteal grohb; anslogous to the latissimus dorsi-subscapulsar muscles of

the fore-limb.
TheAmuscleg of this group occur ‘in two layers, The lateral or
superficiél layer congists of M. fasciae latae, M, gluteué maximus,

M. femorococcygeus and M. tenuissimus. M. fesciae latae is supplied by
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terminal branches of the superficial gluteal nerve; M., tenuiésimus,by a
branch of the common peroneal nerve and the'othors-by the-supeiior'glutesl

nerve.

M. tensor fasciase latae~ consists of a muscle.sheet which; in serpens,

is not #s extensive as that described by Howell (1926) in Nggjgga, or

. Greene (1935) in 3g§§g_; It tekes origin‘undér M. gluteus ﬁaiimus (and is>
continuous with it) at the crest of the iliun and inserts on the lateral

' fascia of the thigﬂ and on thé patel;a;' Continuity with M. gluteus maxi-

rus-was also found in townsendi and longiceauda,

M, gluteus maximus- is a broad and relatively hoa#y.muSclq which arises
from the spines of the third to fifth caudal vertebrﬁe and inserts, by a

tendon, on the greater trochanter of the femur.

M. femorococcygeus- arises from the transverse procasseé of the first twe

or three caudal vertebrae (perheps also the last sacral) and inserts on
the distal part of theufamﬁr and perhaps on the patella. The limits of

this muscle were very hard to discern.

¥. tenuissimus- not found,

Medial layer:

- M. gluteus ﬁedius- lies beneath M. gluteus meximus. It tekes 6rigin from
the spines of tho‘firgt four secral vertebrse, from the fascis and from

the crest of thé ilium and inserts on the'graater trochanter of;the femui.

M. piriformis- is not completely separsble from M. gluteus minimus, It
_is,-ih serpens, a broader muscle than that described by Hill (1937) or
. Howell (1926) taking origin from the spines of the third and fourth sacral -

i .

vertebrae and ingerting on the grester trochanter caudomedied to the
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gluteal muscles,

- M. giuteus minimus- is situated under M, gluteus medius and is similer

in shape to the latter. It arises from the iliac ridge and inserts on

the greater trochanter beneath M. gluteus medius,

Quadriceps femoris group- analogous to the triceps group of the bradhium.

The muscles of this group are supplied by the

femoral nerve,

K. rectus femoris-~ has only one head in serpens and this arises from the

area close to the acetabulum and from the end of the iliac.ridga and

inserts on the patella, In towmsendi and longicauda two distinct heads

situated very close together were found.

.M. vastus lateralis- is a very heavy'mﬁscle which covers most of the

lateral surface of the leg., It arises from the greater trochanter and

lateral ridge of the femur and inserts on the patella,

M. vastus medialis and M, vastus intermedialis- are very closely associat-

sd but are separable. M, ¥astus medialis arises from the cranial and
mediel (distal position) borders of the thigh. M. vastus intermedialis
arises from‘the entire extensor surface of the shaft of the femur. They

insert together on the patella,

M. sartorius- was not found.

Tibial. extensor group- enalogous to radial and long extensors of the fore-

arm, although represented by only three muscles

which are supplied by the deep peroneal nerve,

M. extensor digitorum longus- arises from the lateral condyl of the femur

\
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(neer the patellar groove) and then becomes divided into four tendons
wvhich pass under the ligamentum transversum, and inserts on the terminal

phalanges of digits two to five., This muscle is sometimes called

M. extensor digitorum communis,

M. extensor hallucis longus- arises from the interosseous membrane between

the tibia and fibula and from the fascia of adjacent muscles and inserts

onto the terminal phalanx of the hallux,

M. tibialis anterior- is a very large and heavy muscle that arises from

the prozimal half of the body of the tibia, the head of the tibia, and
from aponeuratic fibres from region of the knee and inserts onto the
first cuneiform, A secondary insertion of the first metatarsal may occur

but the fibres were very indistinct,

Peroneal group. muscular branches of this group are associated with both
the desp and the guperficial branches of the common péroneal nerve, The
peroneal muscles appear to be analogous to M, extensor carpi ulnaris;

M. extensor indicis and pollicis and M. extensor digiti quinti of the fore-

arm,

M. peroneus longus- originates on the latero-craniad process of heed of

the fibula, passes between tibialis anticus and peronei quarti and quinti
and through & groove in the lateral malleclus to insert onto the first

cuneiform and first metatarsal bones.

M. peroneus brevis- arises ffom the cranial surface of the fibula and from

the interosseous membrane, a tendon passes behind and under the lateral

melleolus and inserts into & tuberosity of the fifth metatarssal,
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e

Mm. extensores brevis- is described by Hill (1935) as consisting, in

Thomomys, of four muscles but only three were found in Microtus,

M. peroneus digiti quarti- arises from the head of the fibula, passes with

M. peroneus longus, M. peroneus brevis, and M, peroneus digiti quinti under
the lateral malleolus and becomes inserted on the metatarsal of the fourth

digit.

M. peroneus digiti quinti- arises from the lateroscaudad head of the

fibula and inserts into the distal end of the fifth metatarsal,

M. extensor digitorum brevis- arises from the dorssl surface of the cal-

caneum and ingerts onto the second and third digits but the place of

insertion was very indistinct in the specimens used,
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- B. Flexor System

Adductor group- innervated by‘the-obturator nerve, Functionally these

muscles may be compared with the pecforal group of the

fore-1imb whether or not they are seriously homologous.

M. gracilis- is a wide, heévy musclevwhiéh is divisible into ceudal and’
cranial portions. The caudgl parﬁ arises from the pubis caudal to the
obtupator foramen and inserts on the anterior surface of the tibia. The
cranial part arises from the border of the pubis deep to M. sdductor léngus

and inserts with the caudal portion. The same two heads were found in all

of the species.

M. adductor brevis-. is the middle muscle in the adductor group. It arises

from the ventral margin of the pubis ventral to the obturator foramen and
cranial to the symphysis pubis and inserts on the medial (flexor) surface

. of the femur between M, adductor magnus and M. adductor léngus. |

M..addﬁdtor magnus- arises from the region of the éymphysis_pubis and

inSerfs on the medial surface of the femur immediately distal to

M.  adductor brevis,

M. adductor minimus- was not found. -Possibly it is joined to M. adductor

'hagnus in this genus,

e

M. ‘adductor magnus propriué- arises from the area between the obturator

foramen and the ventral tuberosity of"théisqhium and inserts on the

latersl ridge of the femur.

M. obturator externus- arises from the lateral border of tbg obturator

foramen and inserts on the trochanteric fossa of the femur. This muscle
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wag very hard to discorn in sall of the species,

-Ischiotrochanteric group- supplied by branches of the tibial nerve,

M. obturator internus- tdkes origin from the medial surface of the

ischium and inserts on the trochanteric crest and fossa,

M. gemellus sﬁperior- is rather §obr1y defined in serpens but takes origin

in tﬁe area of the spine and dorsal border of theischium and inserts in

the trochanteric fossa in company with a tgndon of M, obturator externus,

M. gemellus inferior- arises from the cranial surface of the ischial

tuberosity and ‘inserts onto the tendon of obturator internus. This musclo.'

is not divided into dorsal and ventral parts in serpens.

M. quadratus famoris-Aorigindtos on the lateral surface of the ischium and

ingserts onto the éaudal surface of the femur and perhaps onto the lesser

trochanter,

‘ Hamstring group; innervgted by a special brénch of the tibial nerve, This
A group. is analogous'to biceps brachii end forms the lafgest

‘muscle group in the body.

!

M. caudofemoralis- arises from the transverse processes of the first two

' ' caudal vertebrae and inserts onto the flexor (lateral) surface of the

femur, proximal to the condyles and onte the ﬁatelli,"

M. semimenbranosus- originates from the caudal bord@r of the ischium and

inserts, by & tendon, on the mediocrenial surface of the tibia, It is
a very large muscle which is easily identified from either the‘laferal

or medial surfaces,
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M. semitendinous- is & fan-shaped‘muscle which arises from the spines of

the last sacral and first two caudal vertebrae and inserts into the medial

surface of the tibia with gracilus,

: u.‘biceps femoris- has only one head in the species of Microtus studied

and this arises from fhe dorsal ischial tuBerosity and inserts onto the
distal end of the femur, the lateral surface of the head of the tibia

and the dense fgséia 0f the leg and tendo calcaneum,

Flexor group of the leg- supplied by the tibial narve; except M. quadratus

ﬁlantae which is innervated by the lateral plantar nerve, & branch of the

tibial,

M. gastrocnemius- is divided into lateral and medial heads. The lateral

head arises from the lateral epicondyl of the femur and from & -sesamoid

bone in the tendon. The medial head arises from the medial epicondyl

and from a sesamoid in the tendon. Both heads insert into the tuberosity

.of the calcaneus.

FO-

M. plantaris- with the-gastrocnamius muscles belongs to the superficial
layer of muscles. It arises from the lateral epicondyi}by & tendon which
:passes-over'ihe hesl beyond the tendon calcaneus, and divides inte at
lleast two‘tendons which 'are inserted, by slips, on the second'phalanges

of all the digits,

M., soleus- is 2 spindle -shaped muscile arisink from the head of the
fibula and inserting on the calcaneum in company with the gastfocnemius-

muscles.

M. popliteus- erises from the lateral epicondyl of the femur and inserts

on the proximal third of the medial surface of the tibia.
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M. flexor digitorum tibialis:warises from the medial ridge of the tibia

and is associated with M, popliteus. It becomes tendinous and passes
through a groove in the medial melleolus at which point the tendon divides
into two parts, 6ne portion inserts on the plantar surface of the first

metatarsal and the other part unites with the tendon of M., flexor digitor-

" um fibularis,

M. tibialis posterior- is closely associated morphologically with

M. flexor tibialis. itbarises with;tpa latter end, becoming tondindus,
passes over the medial part of the ankle to insert on a sesamoid bone of

the tarsus,

M, flexor digitorum fibularis- (flexor digitorum longus) is a larg;.
muécie which occupies the space“between tibia and fibula end passes be-
tween the astrogalus and ankle bones to sole of foot. It griseé from ‘
the tibia,vand fibula and from thé-interosseons membraﬁé and inserts

onto all five digits in close association with M, fiexor.digitorum

tibialis,

M. guadralus plantae« not discovered, |
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Discussion
In the course of this study & detailed comparison has been made of

the muscular and skeletal anatomy of three species of Microtines, Microtus<z§?g§b

serpens, M. townsendi and E},loggicaﬁaa. In addition some comparisons
have been.drawn between the foregoing species ‘and M. richardsoni as
represented by a single juvenile specimen. Most, if not all, species of
Microtus burrow to a greater or less degree but M. serpens differs from
the other three species studied in belng prlmarlly subterranean in its
hebits. On the basis of this study it is possible to state that there
seems to be very little variation of an inferspecific nature in the mus-

cular anatomy of species within the genus Microtus. M. townsendi and

longicauda do have some minor divergencies such as the robust tail
muscles, the relatively much longer ospoxae, the presence of eyelashes,
eand the ebsence of a pollex in longicaude. Also in the létter species the
cervical vertebrae are more flattened and the spines and zygopophyses show
a greafer degree of development.

The exception to this condition is to be seen in M.¢ser2ens in which
certain parts of the animal are apparently strongly modified in a direct-
ion which seems to better adapt this enimal to its subterranean mode of
life. Superficially, A ﬂfgerpens is & small Microtine at least one~-third

smeller in mess than adults of M.townsendi end M.longicauda. External

features which are of adaptive significence are the soft, plush-like
pelage, the short tail, and the az;rgngement of the vibrissae, the longest.
ones being'furthest from the snout. rather than scattered. Of probablr
adaptive significance are the ears, which are furred on the inner surfacql

and provided with a pronounced fold on the enterior part of the helix.
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The eyes of;égggggg'are'only ebout one-half the size of those of the

larger species, the same relationship is seen in the lachrymal glands.,
Associated with the smaller eyes is an inferesting modification of the
orbicularis oculi muscle ﬁhereby this becomes strongly developed, doubtless
as an aid in preventing dirt from entering the eyes.

Unlike most genere of burrowing meammels M:gérgens doces not have con~
spicuously enlarged or elongeted claws and for:;feet. However, meny other
modifications of the fore-limbs for digging occur. Conspicuous among these
is the shortening of the liﬁbs and the inclusion of a 1argér part of them
within the body skin. Almost the entire musculature oﬁ the anterior segment
of the body is much more strongly developed 1nagg§§;§; than in any of the
other species and it is loglical to associate égis development with increased
ability in excavating burrows. This specialization of the musculature invol-
ves most prominently the muscles of the mastieetery shoulder, chest and
fore-limb but to a lesser degree certain of the masticatory muscles and the
muscuiature of the spinal column are also involved.

A detailed examination of these muscular specializetions reveals that
the masticatory muscles, i.e., masseter, temporalis, pterygoideus externus
and pterygoideus internus, show some specific veariations. The sugerficial
part of the masseter muscle contains more muscle fibres in g;%%%ﬁg then it

does in townsendil or longicauda; the fascie which covers the muscle is also

heavier in %S?SE&E than in the latter forms but that found in richardsoni
is decidedly the heaviest, possibly because it is to be a larger animal.
This relationship is also seen in the development of the cubaneous maximps
and pletysma. Other parts of the masseter are more uniform, with'g:gggﬁé

having muscles which appear to be slightly the largest. The temporalis
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muscle is not as extensive in S??EZES as it is in townsendi but it is a
more robust musele in the former. There are no differences between the
extern;l pterygoid ﬁuscles but the internal pterygoid is decidedly larger

Feﬁ skeletal modifications corresponding to these variations in mast-
icatory musculature have occurred but a small process from which part of
_the masseter superficialis originates has developed ventral to the cranio-
ventral border of the infraorbital foramen; there is no definite evidence
on the skull Qf greater deyelopment of the temporalis muscles in any of thé
species although the posterior divergence of the zygomatic arch may be a
trifle broader in townsendi to accommodate the greater breadth of the temp-
oralis muscle in this species. The angular process of the mandible.into
which the enlarged pterygoideus internus is inserted is, if anything, less
thickened in serpems which is hard to explain since the muscle enlargement
. was uniformly present in three  specimens.

The n;ck muscles show some specific variations, the mylohyoideus is
similar in the three species but the transversus mandibularis contains more
fibres in townsendi than are found in this muscle in gerpens or longicauda.
The digestricus is better developed in serpens being decidedly stouter when
comparisons of length to breadth are taken. In each of the species it is a
single muscle with a constriction between the anterior and the posterior
belliés; although this constriction is barely detectable in richardsoni.
Both the elevators and the depressors of the lower jaw are thus seen to
show their greatest development in the subterranean form.

The platysma is best developed in ggfgggg; the post-auricularis
portion of the muscle is more distinetly separablé from the playysma

in serpens and the platysme generally has more muscle fibres in the latter.
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In townsendl and longicauda it is difficult to trace because the fibres

adhere very closely to the skin. This same tendency is found in such
" muscles as the spinotrapezius and the cutaneous maximus. All of the super-
fi¢ial head muscles are more definitely defined in serpens than they are

in townsendi and longicauda. The ocecipitalis musele is separated from the
platysma with difficulty in townsendi but it is easily discovered in serpens,
The interscutuleris is always a thin muscle in Microtines but it is appar-
entiy missing in longicauda although this may have been peculiar to the one
specimen. The ngauricularisl(frontalis) adheres to the skin more tightly"

in townsendi and longicauda and hence is more difficult to trace. Orbicularis
oculi is much less distinet in townsendi and longicauda than in serpens and

the orbicularis oris is devisible into distinet slips in serpens only. The
general enlargement of the superficial head muscles mey not be related to
environment but the greater development of the.muscles around the eyes and
mouth are undoubtedly an advantage to an underground form. These variations
have not affected the skull formation in any case,

The nmuscles of the hyoid constrictor group do not show any marked var-

iations. In the trapezius group the origin of the sternomestoideus is found
on the edge of the clavicle at its junction with the manubrium sterni in

townsendi and longicauda rather than from the lateral surface of the manu-

brium as was found in three specimens of serpens. There is little variation
between the cleidomastoideus and cleidocccipitalié muscles. The acromiohrap-
ezius muscle is decidedly different in serpens having an insertion which is
so heavy that it forms = thicﬁ ridge on either side of the mid-dorsal line
giving the impression of a r;ised portion. In comparison the muscle appears

to be flat in townsendi and is even less well-developed in longicauda. In
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richardsoni the fixative used had had a drying effect én the muscles
which may heve accounted for the heavy appearance of them. In anylcase
serpens has much the largest acromiotrapezius muscle of any of the species .
which were disspéted. The spinotrapezius muscle is unique in serpens in
that it is divisible into two distinet parts, in townsendi the anterior

portion is very iimited and in longicenda and richardsoni it is a single

muscle. The trapezius muscle draws the scapulae dorsally, upward and for-
ward end the greater development in gserpens of these muscles would give it
greater strength and flexibility. Correlation between this muscle develop-
ment and the étructures of the scapulse seems to be impossible as far as
shape is concerned although the vertebral border of the scapula is slightly
more thickened in serpens.

In the dorsal division of the myotomic musculature there seem to be
more fibres in each division of the sacrospinalis, iliocostalis, and
longissimus muscles of serpens. The muscles which are ettached to the axis,
the semispinalis capitis, spina}is dorsi and rectus capitis posterior msjor
are slightly better developed in segéens although the difference is not
sufficient to account for the development of treansverse processes in

serpens instead of merely a slight elevation on their sites as is seen in

townsendi and longicauda. The other body muscles do not show sufficient
differences for conclusions of any kind to be drewn from them with the
exception of the tail muscles which are decidedly reduced in serpens.
They are much better developed in longicauda then in either of fhe other
sﬁecias._'
. The muscles attached to the pectoral girdle show the most marked

differences of eny of the muscles. They are almost universally better
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developed in serpens than they are in townsendi er longiceauda. The levator

scapulee and serratus anterior muscles are easily divisible into separate
musecles in éeggens but this is not as elearly the éase in townsendi or
longicauda where they are separable with difficulty, if et all. Possibly
since these muscles are used to draw the scspulae craniad, ventrad, end
against the thoracic well and have become enlarged to perform this function
they have become two separate muscles in the course of development. The
rhomboideus muscle is actually smaller in townsendi then it is in gerpens
which msans that it is a great deal smaller when considered relatively, its
function is to draw the scapula toward the vertebral column., The latissimus
dorsi is inserted into the axilla by widely separated digitations in town-

sendi, in serpens and longicaude the insertion is single. The acrbmbo-

deltoideus is very prominent in serpens being so well developed that it
alters the appearance of the position of the fore-limbs giving them the
appearance of being drawn craniad. The spinodeltoideus is also larger in
serpens. The last two muscles reise and rotate the humerus gﬁd greater
development must be a decided help in digging.

The pectoralis muscles are the most remarkable of the muscles attached
to the pectoral girdle and linb. When dissected from the specimen they were
found to have a volume which was almost exactly the seame in serpens and
townsendi although the latter had a total body volume of almost one and one-
third times that of the former. This greater development is correlated with
the development of a keel on the menubrium sterni and the sternebrae in
serpens to give a greater area far muscle attachment. Since these muscles
serve to draw the fore-limb toward the chest the enlargement‘found in

serpens is in accordance with the enlargement of the extensor miscles found
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in the same animal.

The fore-limb is shortened in serpens in per cent of total 5ody length
and hence the muscles are also shortened. The muscles of the brachium are
not as clearly defined (readily distinguishable) in serpens but are heavier
muscles when prop@rtion of length to width is considered. The muscles of
the anti-brachium give the appearance of being even smaller than they reelly
are owing to the differences in sizes of the species. Possibly the miscles
are well-developed as & compensatory measure for the shortening.

The muscles of the back and those attached to the pelvic girdle and
limb show practically no specific differences. Apparently the hind limbs
do not become especially adapted to & subterranean existence since they
are not required for digging.

O.
Microtié?éezpens appears to represent one of the earliest stages of

adaptive specialization of a memmal for a subterranean life. In this species
the fur, eyes, ears, and tail all show &pproach to the condition found in
such hiéhly specialized burrowers as the moles. The musculature réveals
many obvious changes in mass and some subdivision) but other than a slight
lengthening of the scapula and a fore-shortening of the humerus and radius
no redical skeletal changes have occurred. The position of tﬂe fore-limb

has not been modified and the fore feet and claws are not enlarged.
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