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PRLFACL

This puper is u vepert of four years of study on the nﬁnl..
weights of u series of samssle. During the firet twe years the work
was largely omfimed te the dissection, drawing, and weighing of the
wapeles of the tvo gpocies of bats bere included. The digssections
and weight determinations of tte aniuwls other tham buts were done
during the following 1wo yeurs.

My acknovledgewents are to Ur. Olof Laresell for his sscouruge~
uent and mdviece in the nuwercus und tedious digsections, und fov his

eriticion and suggested corrections of this papers
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A GOMPARISON OF LIMB SUSCLL JASGLS IN CRATAIN SAliAlS
introsuction

It bue been noted (Larsell, 1935) thet the wsjor ¢ifference im
the ecerebelis of twe closely related species of buts ves the resence
of » {iswure, und 1t bas been suggested that n study of the differences
in the musculature be wde.

The anluais here «tudied imciude the loug eared bst {Gorymerhivue
rafinesmil). the shert sared bt {Uyotis culiformicus), the Testern
wole (Seapunus towneeuiii), the dowesiic et (Felis dowesticme), the
whites pabiit (Oryetelague}, end the white rut (Haftus fe aibinicus).

ie utiewpt is bere made to compere the lind wusele musses in
this seriss of sreeinlised mum wls. Cowpariscss cam be ascurately
interpreted only thr ugk defisite, standurd ratios. Therefore the
susgle mapgere are expressed {u this puper in terms of percent per
total body welight asd In percest per total 1lob musele w8lghte

ite eerebells &i'-thu above asnd othor sameuls bove been studied
apd deseribed lurgely By Dre 0. Larsell. It lg hopsd tint the data
preseute. in this study mey fursish & busls of couperisem of wuscie
groups with cervbellur losures, lober, nnd areas. I1f o relutlom-
sbip exists betveen unbsunlly developed wmocul ture and mnueunlly
developed eersbell r arees, the correlotion should Bave & beari.ng ou
the yroblem of funct opal localizatier im the esrebellum.

Beeauee aveilible muterial os the suutowie } deveriplions of the
bat snd wole has M very limited, 1t bes been mecessury to luciude
= brief discuseivs sud o fiv illustretions of these mumwls to muke

pussitle the idemusnuw of ithelr suselese. Ezanioution of the
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illustretiong of these mmeealy w111 show that lhe remariable spesial-
fzatica v the llub structure hus waie ibis necessur/.s

Literatore on this field is very limited. In von Baordeleben's
"mpdbuck der instouwie des Uenschen” a section is jeveled to the
weights of the fresh smuscles of the right and left leg und sru of a
mugonlar wan sed a slepder wvomnm. The welghts were tobulated wad
differences indlecated In percent. However, the mothed of proccdure
felloved by von Bupislebun could met be né:g:iayw in the study ol
saell semanle beesuse of the greet wvuristion In woisture uo#tmt ia
the ausclep of the lutter, ag shows by repe ted welghings. It wes
therefore neceseary %¢ deselestc all auccles after dissection so that
& comptant weight on repected welghinge could be obiuineds

Yo upoure scespied nonenclature of the muscles, the naucs caw
ployed !n standerd textbeoks of anutomy wers uged so fur as possible.
The muscles of the mole and the bats hed to be stud’ed end poned
witbout & specific reference. The stund.rd refereuses on wnnumlisn
wyclsgy, eubryolegy. snd cemparstive anatouy were euployed 1n working
out the homologles.



Hsterisl und Nethode

The myology of twe svecies of buis was first studied in gearch
of apy wurked differesess. The cniuale were preserved lu a tem
percent formalls sciution before dissectica, the interval of pres-
ervation varying frou - fev days to three yearse

The bats (and sost of the muscles of toe wmole) were digsected
| under a bineculsr divoeoting uicroscope or with the ald of o binecular
loupe. Yo wmurked differesces ic uyology could be found in the tweo
specics of buts by the wethod of disssciiom.

im stiezrt wae them wade to doter:ime differencesc inm the weight
of the wuecles of the two gpecies. It was very evident that the
disa ctiom of the 1ut wag not possible en az wapreserved speciuaeng
that the welght of u wusele preserved in o sclution would prob-bly
duclude un waknows and vericble saoumt of preservadive; and hat
even il these [sotors were dlesregurded, the evsporation of water
duripg the course of the dissection and welghing would make the
resulting welghts fur t00 lusccurstes Ihercfore the muscles were
dried os fellows:

The wuscles vere dissected out and pleced on glass slides that
were lubeled uith Ui nase of ihe smecle. Youally beth right gng
left sides were disvected ot the save time ond pluced om the correse
roniing e'des on tre gune slide. They were dessiceted in an oven
seintalned at o tewpersture of $5% to 60% The wusclos were exaclmed
and wei bed 2t wrisble Toterwils w:til se gignific.nt shenge of
weight wvas evidenty this reumirdd about four or five daye for the
sall calmlis (bats, wolec) aud twelve to fourteen days for tie larger
animle. L bigher tewperuture weas trled {200°} but showed mo
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adventage olher thee o more rupid end sowewbut wore nenrly com lete
Geny.ratien. Deeauce of the imcomvenience iu the use of the hotter
oven and becsuse the sorrected debydrution wes lduited %o less tinn
five percent, this was digcomtimued,

The tise necesvery for relatively comclete debydrution of the
wupcles of the different auimsls weried in genersl -1tk the slze
of the wuscles: only these rencings thnt vers consistant after re-
peated welghing sre recorded inm the tables. Gince the spinsls bd
boon preserved in s tewm percent foeruwlis golutien, decon coltion
wa: held ot « min muw. le ether preservative or herdening sgent
wul Gead.

ibe prepurstion of the suselse of tie lerger mamsals required
u asdificution of tech ique in drying and weighing. Gummed lubele
were pressed ageinet the wet mugcles for ldentification and then
vigees 1n the sawe oven and ot the pase tew eruture sg before.
Sinee the weight of the lanbels after drying was sever.l grose hu
thes befores it wus pecessury to first dry, weigh and record the
individuul weight ef ench label: them uttaeh it to the vet muecle,
dry the sugele with the label attached, snd veigh end record on that
lubel the uetu -l woight of the dried muecle. (m succeeding rabiits
and guls the procves wae spevded up at ihe eost of vlight imsccoursey
Ly uelny the flgure of 133 milligraue s the aversge weight of a
dried label (o serlee weighed 136.4 to 131.0 uge)s OSunll muscles
that vers ectim ted te velg lese thenm 100 milligreas vere dried
o8 glaes slides lest the ercent of ervor be 100 great.

The fat eontent of the nuscles of the vut, out ast ruobit ves
exeeedisgly variuble mot enl, awong the specics of sniusls but alse



in the suseles of ecch individual. It vas found that the ‘igures
fer the £ t rote cou d »ha trought in better serrelation vith the
others by lesving them in xylel twentyfour hours, chunged once,
drying aguin in the saue Over, and reweighing. Gimee this process
suide the recdings of the aniunle is a series wore sonslstant. the
fat content of a1l rut, rebbit end cat wascleus was extructeds Shere
was no apprecloble ehumgs ‘o the weighte of ihe wole or bat muscles
in goleg through this procees 3¢ thet with them the fat extractiecn
procers wvar omitted.

411 bats dlssected, both lyetlis snd Corymorhinmus , wvere females.
of the othe aniucls used moet wvers young acult m«; exeept Lthe
woles, -hich were all wsles. ip = rule say swveileble materisl was
nEGe

The wot weights of the musoles of some of the cate, ruts, snd
rubbite vere recorded and sept {or reference. The suoe wupeles bou-
ever were ale¢ dried and the fut extracteds In this way suother ratie
could be obtuined - that of vet to dry welght. This figure may be
uood as & wesng ©f rough couparises with the wmesis weigbts for oex,
giver in vor Burdeleben®s “iandbuch der Anutomie des Uemachen.® 3ueh
a sowpurisen hovever, must be =ade with ressrwation, for it is wmiy
sl assumpiion thet the wol o dry ﬁtis iz the smsller snloale is the
BuNe us Iin mmB. Indeed, nli figurve sre eul. gpproxisute wld vould
undoubtedly be chenged in some degree 17 u larper series ol animels
of each speelies were etudied. Ao long 9 a comstant ratic 1o used
in the comparivom o) the wescles, soue degres of eignificasce canm
be atteched to wnumnl warietiens lo susele grour welights.

Ths supcles ure arranged 's the tabler in & standard seriss un.



ere 1isted both as eingle ane groured suecles,. The cutapwous Baxiubs
was imludtd oniy becsure it is accessery to the latissioue im sewe
of the splvals stuiied. The weijht of this mmecle was not lmcluded
in the sus total of the liamb mmecle woigites or the tetal :-l.ﬂ.thQ
figeres because it s not strietly s 1isb musele, asd becsuse ap
inderinite ond sxseedingly veriable coeunt of faecia wes inciuded
with the ouegcle fibriws. Thie would hove very wueh ineressed the
segree of srror in oll of the muscles.

All weights su¢ percentages have referemca to the wolights of
dried muecles unleoss indlocted othervise. The individual weighis
¢! tre smscies sre indicsted 'n wost ouses with headinge to show the
grour weights, he lutter belng distinguisbed by weans of the perceat
gsymbole 1% was B0t praueticul tn dissect eut the susculature of the
und or foot beguuse in the semller enienls the wei %o of these
migcles eculd vet be cbiained with the apperntus svelladle: conse~
quently they sere entlircly emitted.

The weoighte of the ten.oms ;mrmd a vwrisble faeter of error
is the dried museles. Bec upe it le difleuli te state Just where
the susele emis oxd the tenden atarts, it vas desided upom t0 cul
ell tesdems at - standerd point. The problem precented itself largely
in the flexors and extensors of the h.nd and foot, »0 thet Lere the
tendoms rere »1i eut .t the emmulur ligusente of the wrist end ankle.
211 otuor uuselse .ere divided st the periceteun of the origies and
tasertions. Horever, even In anisals suek on the bat, with itas barghed
suseles sué lomy tendons, the wuscle velght wum so much grester thun

the tendon welght thet the fuctor of error was uegl!lguble.
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ihe weight ratios of the eix epeocics of animals siwdied are
expressed im terug of percent per total wuevle welight and in percent
per bLedy welght. IThis offers tve means of comparing the wuscle mass.
Lxamination of the percentage tebles will seen te shew however a
cortain degree of inconsistuncy, purticulerly evident in the heaviest
und the lighiest of wuscless. Compurs for exssple the weights of the
patagial and the ]ﬂ(&f"l“;‘sl sugcles of the Lyotlie and Corymorhimus in

the teros of the two 4 flersnt percentages:

Pervent per fereeut por total
Buteglele Bry selght bedy weight ight
Lyetis 0.3 ug 0.005% (of 6.30pm) 04208 {of 151.5sg)
Corysorhinug 1.5 mg 0.005. (0f 9.digm} C.d4. (of J68.0my
Pectoruls
yotis 6144 wu; 04276 {of 6430gn) 40.53( {of 151.5ug
Coryaornimme 145.% ug 1.545L {of 9.40ge; 39.50% (of 368.S5ag)

Thie spparent luck of proporticn exists beccugse the lisbt wusele
wugs per body weight ig net the sase in the dyotie and Coryserhinusg
sor {g it the pave in any of the other msmmle, and interpretationsg
mgi be wade with thet in aind.

it is soteworthy thet iu the uliferent species of smimalsz there
ere =uny more varisticss inm the museculeture anc gheletal struciure of
the upoer lisbs them of the lower limbs. The musculature of the
uprer lisbe ghowe merked slieration: ig wupcle wase. sction, shape,
an. reie focghip.

In comtrn ¢ te the seny changes svident in the upoer liab, the



kind  imb gece 10 be wite comstant Ip Its amstow;s Although the
pelvis of the ole is mltervd lo shupe, wade long and slender and
iucking in & pubde arch, yet t's musele masces and relatlonshlip of
itc constltuest parts remis quite cometant and recemble that of the

rat, Bio is tree to even » grealer degree in the other animals

gstadiec.
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THE INRIVIDUAL APRGILS

i eeries of fourisen rots was dispected, OF these enly slx wers
usec in the deterdmailes of wusele welghte, while the others were
discarded for wariocus ressems.’ The muscles of the rut show & dletri~
bution of suscle mass vith sbout 361 of the welght 88 the fore iiubs
und 645 im the hind limbs. The tetal dry wuscle weight of fere and
kin¢ lisbs on ome side sboved un avernge of 4.75% grams.

ihe rots used vere of bet! sexes wno vere sdults of twe or tiree
yeurs of nges The nversge live weight of these waz 200 gruwme;
evipterated,; the wveighte wers frow 720 to 797 of the live weight.
Although wet welghts ere mot ivdloated im the tables, It wms observed
thet the wet puscles weighed sbout four timee s much ae the same
augeles after the, ver: driede Pot extroction o terinlly sltered the
:cighiﬁ of enly the eutangous suxisme, the serratus enterior, flie-
proag, and te o lesser extent the pesterslie, trapesive, rhesbolds,
aid lativelvus dorsi. Other suscles showed little ghunge but were

nevertheless pusses through the same process for the gake of uslfermity.

1 it first, group weights were %uken imstgad of welghte -f the indie
vidusl wuseless these groups wore found to be fumetionsll; incomslstant
in the ether speoles, and 1t wnn found to be advisuble to determine the
individunl weightse Tet weights enly vere takern 18 sone rete snd were
found teo varisble ¢t use. Imeecisted pote, whick hud been used for
previous experiwents were found 10 have wuscle weights fur below aver.ge
and therefors could not be iseluded with ihe nerssl readings. Fat in

the muscles was not secounted for and certais fat loded muscles showed
inconslistant unt often too bigh readinge so that all had to be dls-erded.
ried muscles vere tulce nceldently dropred and sestiered.



The muscle veighis and percentages are lndiciied in tables 31 and
.2e 'The weight rotios of the rat may be used a8 & lasis of comparison
with the other arnimels in this study.

In the lower limb the largest of sll muscle groups is the flexor
group in the thigh, constitutinmg 187 of the total dry muscle welghts
secondly the shank wmecles, collectively making up 13% of the wveight,
the ealf wusclec eontributing more than hal? of thiss +thirdly the
glutel, colleciively making up 117 of the totel dry rusele weights
then the quadriceps femoris group with 9%, then the iliopsoss, adduetors
and lustly the externsl rotators of the thigh, congtituting the lesser
BUBSeSs

In the fore limb the cuteneous maximus mecounts for abeut 13 of
all the limb dry muscle weight; however, 1% Is net considersd ne a part
of the limb musculature and is imcluded in the table only becsuse it is
aecegsory to the letiseiuus dorsi. The lergest group imeluded inm the
foreliwb ls the tricepe, comstituting 5 of the cowbined limd musele
welght; secondly the pecturalis group with 4,787, the laticeimue dorsi
with 47, the trapezius with 3.64%, the serratus enterier with 2.437%,
and the other nuscles progressively of smaller weights. It is note~
worthy thet the wuscles on the ventral surfece of the brachium sre the

sanllest in wmusele wsss in the rat.
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"

Sat Lower Average dry Porcemt of Percent of total
ifwd suscles welght in @ body welight dry muesle welght
_200 gram rat (times 10°2) (4,799 gremp)
illopecse 265 ag 313.3% 5.57%
Iidocus ' 138
Faoas 70

{oadratus lusberuys) 60

Clutens meximus und

Tensor fasein lets 15 ug 7.95 3308
Glutel, lesoser 375 wg 18*.‘; T.90,.
Yeddueg 313
Yirieme &2
Busll sxternel relateors V0 og 3.93 ' 1484
Pywiforsis o
Uhturutors “6
Geuelll and s
 cuadretus feuerls
Heustrings . 830 mg 47,07 16,401
Biecepes femoris w2
Senitendivcesis 163
Sewmispubranonio e Lo
Graeilis 94
cusdirlceps feworis 430 ug 21.5. 2.05%
Adducters of the thigh 242 ug 2. - sl
idductor lengus ié
iduncter revis 94
Ldducter wmugnus &2
Pectineus e 11
Gaudofemcrulls 45 ‘
Lowver leg ~uucles 630 ug .55 13,50,
Doreiflexcrs 189
Plastar {lexers a8 ,
—l e 38 .. .. . : —
Totel, lower limb 3037 =g 15135 (1077} 64475
Total, upper limb 1782 =g 17.55 (077) 36.930
Totul, both limby 4999 ug 2,687 1004

1

In this table end in 01l others, all welgbts ndlicated are averages of
right and lef: suscless The welghts of the wweclen indiceted In the eub-
heacings =88 up o the welght of tve groupe The figurve under "Fercent
per body welght®” ere expreseed in the power of 107 bwouuse Liese are
essler to read thus fijures preceded by s confuslag wvuaber ol zercs.
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nt Gpuer Lversge dry Peroent of Pereent of total
1imb musclee walight In o bouy weigit  dry nmuscle weight
Trapezius 175 ug 8.7 3464
Aeronic T8
Cluwo 49
Sping - 48
intissimue dorsi 190 =g P51 4400 .
Lewutor scarulal 10 ag 0.5 Dulh .
Thosboideus 97 wg 8,87 1.837
mjor and u'nor 4%
ipite 45
Sternceleidom:stoid 59 ug 3.0% 14241
Sterno 15
Clelde 44
{Cutsscous v xioug; §23 3.1 13.10L
Pectorslis 229 og 11.40 4478
ejor 84
“nor 143
Subelaviug 10 ug 05/ 0225,
sorratus epterior 163 ng 8.2f 3.43.
Deiteid ) &% Ly 3&2': 1a“r.
Spine 33
heremnio . 38
Suprespin:tus 76 ug 3.87 1.60%
infrespinetue 83 ug 3ol 1332
Teres uiner % mg 3% 0.135
eres mmjor 80 ag 2.5% 1.250
subsespulsris 85 mg 4.30 3.79%
biceps braehil 28 =g 1.6 .80
Prachialis ' 34 ug 1.7 0e7 -
Gevraccbruchinlip $ ug 0.3% 033,
iriceps 25T g 11490 499
Forears ‘210 =g 10.5. dod
Flexore 134

e LELEREOTE = 6 _
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Although the wusculsture of the cut is quite sindlar to that of
the ret in o pusber of respects, certain obvicue differemces are present.
i live eat weighlng 200C grems lest eppreximately 50L of its vweight om
being skinned and eviseeruted, wmhile only 251 of the body welght of the
rat is lost im this process. Thus, ihe eat has n relatively lesser
auount of susculuture and bowe tissue than the rat. Aleo, the digtri-
bution of wupcle muss betwsen fore und hind limbe of the oat waries
werkedly fron that of the rpat; im the former, 490 of the liuh wusele
mess le In the fore liabe. S15 le¢ in the hind. im the latier the
dlstridutisn is 367 to 84, fore lisb amd hine lisd respectively.

Uith the exeeptiom of the gluted, the sequence of musele wase of
the individual musecles in the bind 1iub is in the cat very elmiler to
trat in the ruts The gluteal group of the est is ouly about o fourts
g large proporticnetely as in the rat.

ibe muscle wusses in the fope 1izd however do not correspond se
welle The largest group of wusclea in the forelluwb of the est is the
satebrechiel museuleture, comstituting h&{é of the dry uwuscle veighi;
the {lexors meke up about two thirds of this. Secondly the triceps
with %.100, the pectorals with 6.0L, latipsisue dorsi with 4.330, and
then other suscles all of leseer seigbts.

‘e & rule wost of ihe forelisb mvecles of the oat are heavier $thun
these of the rute Incomsietaccles of this generalisation sre con-
splevous, such au the eorratue antericr mnd the trepesiss, which im the
¢ut are relatively smuller thes is the rat. Of the latier muscle. part
mey be consldersd te hove wigrated veatrally in itg deovelopwont t0 meke
up vert of the levuter seapulae, for this is seurly tem times the greater

in the est.



The wet to iry ratic was taker but ig pot indicated im the tabdles
besnuse it ie irvelevunt. It wae found that the total vet mussle
weighed approxfmstely 4.5 tiueg the totel driec wupecles Although most
of the muecles were wuite cemsistant to thie yutie, the smaller wnscles

showed arked wariaticn.
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TABiL 112

Sat Upper Averuge dry Fercent of Farsevt 4otal
1inub auseles veight in & bouy uig%‘; ifab muecle
reposiue 698 mg 351 1.850

Lercmie 168

Cluye 83

spime N7
Latisslioms dorod 1646 mg fe2 4.39
Levater ges ules 583 wg 43 2.78
Rhopboile 819 mg 4.1 2.18
Sternoelceidosastolc 474 wy Tad 1.76

Sterne ¢

Gleido :
Festor:lis group 2254 g 1i.2 6.00
Sarratus snterior 728 ag 36 «00
Delteid - 78¢ ug 3.9 2.0

' Spieo 204

LePronie 203

Clavobrachinlie ave
suprag imetus 1149 ag Su¥ 3.03
Infreupivatus 204 ug 45 2ol
Yerve sinor €7 ug 0.2 Del2
Teres wjor 566 ug b 186
Subscapuleris 1064 ug 5.3 2.84
Bic: ps breshii 554 mg 2.7 1.48
Broachialis 305 o 1.5 0.1
Coructbrachislis 20 ug G.1 Ceud
mms 2659 g 13.2 T-1U
Fereara wuscles 2B7H wg 14,8 700

Flexors 1892
N < T3 ) AiE3




TABLE IV

Lat  Lower Aversge éry  Perceat of Fergent total
iizb muscies veight in = bocy welg:t iinb wuecle
Iliepsoas 1297 uy 6.51 3edi,.
Discus B8e7
Pavss 400
Glutens muxioue and 572 ug Cal 1.5
Toesor fasedn luts
(luteue wedius amé winiaw 876 g 4.3 2.30
a1l externsl yoiators 863 ug 4.3 e300
Pyriforais 108
Obturtor extornuy 217
Cbturstor intornue 3%
and gowelld
suadrutus feuoris 164
lometrings $889% =5 L8e3 15.36
Biceps fumoris 2110
Senitendinosug 580
Seximeubr nocu 194
Graeilis 4%0
Sartoriuvs 856
\usdriceps feworis 3969 ag 164 8.67
‘duuctors of the thigh 2032 ng 16.3 Saél
tdductor lemgue 9
fdguctor brevig md
1724
Pactineus 32
Caudofemeralis 10 7
Lo.er log muscles 40655 ng 234 1250
Peroued, long  shart 341
Torsiflexors 8§62
Planter Tlexers 81z
Calf smocles 2464
Total, lower lisb 19.25¢ gruse 95.3(207%)  S1.26;
Total, both liwbe 37.44 grams 1.86% 1008



T4k RADBLIY

Digvections were wude of foir sdult rabbits of unkvown sge and
ol both sexes. Although the live weighis vere exceedingly varisble
{5000, 4500, 2300, and 1420 grews ¢uch) the eviscerated wnd shimned
bodles of the {irst three showsd comperstively litile wvariction in
weight, averaging 1500 grass. The lust rabilt hed becn used im an
experiment {a otudy of the esp. llury astion of the eer) sad had died
durisg smessthetizction, DPessyse ite muscle welgbts «ere O r below
the averige they were mot logluded, altiough 1% wae actuslly found
later that the luclusion of this rFabbit would ol heve meterlel y
nlterid ke retiog. ls a5 whols, L0s suscle welyids of the pealioy
rubbits were very sicilur i» epite of the very great warietion in
1ive bedy velght.

The aversge live wedgnt of the 1irct three r.bbits Qe 3940 gruos.
The totel dry suscle welght everaged $1.78 grome; the wet muscles
averaged ‘T4 grams. It wos cbeerved that is the forellubs the wet
veighte of the suscles were not in proporiicn te the érys this is
protebly becaucze these muscles were relatively sealler thou the suscles
67 the bind liobs, and therefore lost a ;recier nsoint of sater while
in the rposese of dissection. The welght of the wet museles ss »
w20le oz found to Le 4.7 tinmes the weight of ths diye Fut extrsction
vory =ueh decressed the weight of the majority of the muscles. This
“ag especlally evivent io muscles adjucent %o regions of fut, such aw
the iliopsous, latiseicus dorsi, cutunesus sexious, trepegius, serratue
antericr, and pectcruls.

There ds o dietribution of 32.30 of the wecle mps in 1.8 fors
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1inb end 67.37 in the hinds Thie is o fairly elose correlation with
thet of tbe rat {36, in the fore liub, 64. in the hind).

‘ 'ﬁm lorgest wuzcle group 4n the fore limb oi’ the sabiii ie the
pectoralis. waking up 5.5 of the totel dry muscle weight. The secend
largest group is the triceps with 57, them the serratus snterior, the
forears muscles, the lutissimue corel, and then the other muscles io
desrensi ; order. The cutaneous maxi-us of the rabbit is enly sbout
a fifth the relutive vize of that of the rat.

In the lower limd the hemgtring auecl e ure the mejor group with
the ratio of 18 . However, it vss sntlcipated thet this mues would be
such larger, for the figure obtalued from the suse group in the rat wue
sleo 18l. The secomd lorgest group is sude up #f the adouctors of the
thigh, with 11.45 . Tbis ie¢ o warted inercase coupared to the rat, for
inm the latter the sdduciors ere ome of the uinor groupe of ibe lower
logs "he other mscle groups In seguetce of mavs imelwde the quuiri~
cops femeris, 1153 the lover leg muscles collectively with 105; the
glutel eollectively sbout 955 thew the iliopsoss snd lastly the eusll

externsl rotators collectively, saking up 67 amd % respectively.



Tablll ¥

Percent of

Sabbit Uprer Aversge dry Percent totel
1imd wuscles weight in a bedy weight 1indb suscle
3940 go. rabbit (times 10™2) wi.(62.05gus)
irapezius 873 ag 2.2% 1.04%
Upper 463
Lower 4§10
Latissious doret 1600 ug 4.1 2459
Lev.ter sespulas 111 ag 0.3 018
Thombeideus 821 =g 2.1 1.33
Yejor 333
Hner 437
Cranicglsviculers 604 ug 1.5 Qa8
Sternoasstoid a9
Cleicomastoid 144
Basicclavicularis 243
Pectorulis grouwp 33573 og Bl.6 5445
Prious ae
Seeunduo {ajor) 47
Tertius (iiney) 181¢é
Quartus 992
Pectoscapularie i76
Serrutus anterior 2031 wg S.2 3.29
Deltoid 553 ug 1.4 0.90
Proper 1%4
Superior abductor 121
Isferior abéucter 238
Supraspinatus 1394 =g 2.9 2.26
Infraspinutue 1079 ug 2.7 1,78
Terez uinor 32 wg 0s1 UaliS
leres mjor 1034 ug 1 p P
Subscspuleris $34 mg 2ol 1.8
Biceps breehii $32 =g 1.4 0.86
frachialis 175 og Dol .28
Cerseobr chialis 72 ag Jel 017
iriceps 3117 =g T8 5.04
Foreare muscles 1382 og 4.8 3422
Flezore 1265
e b ESERGOT S T\7




alklk Vi

il Lover Averuge dry Fergent of Pereent total
wiscles Yelg't 4m s body weight limb susecle
3940 gme rabbit (times 107°) wi.(62.08gsa)
Ilicpecans S760 ug 9.5% 6.08%
Iiucus 709
Paous 3081
“luteus maxions snd 3304 ug 8.4 el
Tengor fapeis lats
losser glutei 2320 ag 59 376
tediug 1139
‘Haiwvue 1162
Saull extersal rotators 104} wg 246 1.69
Pirifor=is 222
Genellus qupertor 47
Geaellus inferior 125
Ubturator intermus 221
Olturutor externus 185
Wuorutue fesoris 241
Tensor fascia ecruris 149
Biceps femoris k2 hd
Seoaitendinogus 3o
Semivenbronosus 2069
Gracilis 1069
Sartorius 110
wundiriceps fenorig 6817 ng 17.3 11.04
~Adduetors of thigh 7068 ug 17.9 11.45
Longus 2507
Brevie 57
4060
Pestineus 224
Lower ley wmuscles 6416 ng 16.3 10.40
ieng and ghort peronei 523 .
Dergiflexors 1383
Plantar flexors €25
Culf mugcles 368%
Total, lover limb 41.73 grass 1.059% &7.611
' 20,32 graus . 3288,
Total, both 1imbe 624,05 gruss 1.577. 3100.{19)%
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THL  HOLE

Of = series of woles the auscles of four dissections were dried

und their veights were recorded. The weighte of the living noles

runged from 117.6 to 134.4 grame and aversged 125.6 grems. ‘he weight
skinned and evigcersted was approximutely 64 graus, comstitutisg nearly
S1L of m live veight. This figure is practically the ewmivalent to
thut of the ocat (501) but decidedly less thum that of the rut (750).

The upper limb -nulnﬁm sonstitutes aore than 77) of the total
1iwb mues; the lover lisb wuscles auske up sbout 225, This is in
wurked comtruet to the wuscle mass distribution of any of the mammals
divousced oo far.

The fat content of the wuseles was relutively slight, end since
the fat extructlon process did sot alter the mmsele weights to en
appreciuble degree, that precess was omitted.

It ip evidemt om ingpection of the dravinge of the muole that the
pectoral girdle is displuced gramially snd thet it is surrounded by
tunched, bouvy mmscles.

The outstemdiag wussle of the forellsd e the teres mjor, which
ip enlarged to oo grest am extent that it ulone wakes wp wearly 19
of the total limb muscle wmss. ih size makes all other seapular
museles seva iosignificant. The cundal portlon of ite origin lies
usder the intissimus dorsi, und the two muscles insert together on o
luberele of the huserus, adjecent to the peinte of lnsertion of the
cutavecus maxlwue wnd pectoralis eajor. The combined actiom of thess
weeclor 1o trunsuitied from the buwsrus to thc hand by a heevy tendon
that largely repleses the forsarn ﬂllll‘lav These lerge suseles work

together t¢ brisg sbout sdductiom of the extended forevrm, the motion



uped in pressing the oirt away from tie front to the siies ne the
eninel progressee is wakisg its tuneel.

The cutaseovs saximus would, if ineluded, constitute sbout 13,
of the limd muvele suss. This is six tiwes the patio of the smue
musele of the rabbit (2.395).

The pectorzl grour sakes up 15.4. of the link suscle mass. It
consivte of @ large pectoralis é-jari » swell dubdivisien of the ssjor.
thet lies deep mnd ingerts om & secarute tubercle of the humerus; two
suprepecterale of whickh one le sunerfllciasl, the other is deep; and
lastly & pecterulis uinor. The puprepectorals lie trameversely scrose
the weck, in o etraight line frou one humerus (¢ the other, and with
13%ils wore then a tbim, filvcus interrupilcn at the miciise. Thess
suseles are suprasternul. The claviele 1les deep to these musclee and
a2t the eaudal border.

The subseapularis ls the second largest suscle of the scapulu.
itn imvertion is below that of the pectorslis major, esd its actiom is
evidently coordinute with the teres major.

The identification of 1he deltold is net certain because of the
uarked rearrsngenent of the landuarks. Its origin seeas %0 have mis
gruted down aleng the svine of the slender sespula to cover the infra-
gpin tus und the origie of the triéupg.

“he trapezius of the acle hus developed n confusing etructure
slong with the imterpositicom of a gpicule of bone; this iies longi-
tusinally between the scapulae mnd extends from sbout the lust cervical
opine to the fifth or sixth thoracic spines, & distance of cbout tuelve
siliiseters. The spicule serves as Doth originm and insertienm of the
trupesius and rhouboide, end the actiecn of these muscles is dirscted

first on the spicule and then transwitted te the goapulse.
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The trapezius is subdivided imto: the spinmotrapesius, with originm
in the fuscle imme lutely luteral o the lusbur spise ant insertion om
the caudal tipec of the scepulu; the eccipltetrepesiue, with origin on
the cociput and imsertiom with the spinotrupezius on the camdal tips
of ithe scapulej the ocsiritcspicularie, ‘i;iu Senenth the above muscle
end inserting ;lﬂlg the entire length of ine spicule; aond the gpiculo~-
senpuluris, lying superiieisl to the eeccipitotrapesiue, vith ite origin
sleng the full lemgth of the splcule and issertion vith the cther
suscles on the inferier tip of the scapulu.

here ie o etroug interscupul.r tendonm evmmecting the eaudnl tips
of the scapulae and attuchbed to the istorscspul:r opicule ard adjacent
msculetures Thle tenden offers the scapuler museles o good amcher
for leverage in the digying woticns of the forelimbe.

The rhosboids lialdaep te the above structures. %heir insertics
is priserily om the intersespuler tenden. The other scapulor wnscles
are ingignificant is #ize und wre bidden under ihe tté.a anjor, sub-
seupularis, or delteld.

The triceps is the lergest bruchial muscle. The fibres of erigis
of the long hesd extend aslomg meerly the whole length of the suspula.

The biceps 18 & flut musele. It haz en ubusunlly long, slender
tendon #2‘ origin thet pueves up & bovey tunsel in the humerus to the
scupulas. ihis tuemel ie sbout four willismeters lemg and deseribes un
sre of fuily 90°,

The brachialis has ite origis in a deer consavity st the §reximnl
vortien of 1he buserus: 1t then curves srcund the beme teo tery iteclf
betve 2 the shert, thieck muscles of the foreara cm the ulna. )

The seaphoantibrac ialis lles on the latorsl surfase of the sru.

it is & slender band of ausele fibres exteniing superficislly froms ths
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scerular fagela te the dletal end of the forearm. Ite dried weight
is only four silligrass.

The extensor group of the foreara wuscles tutweighs the flexer
greup. This Is boeuuse the flexors «re %o a large extemt ropluced by
u heavy tesdon thut eerries the setiorn of the ghoulder sugeles inte
the hund. This makes the forearm and hafd function largely ss w ueit
with the brachiuus asd seapula.

The hind liab susculature is overstadowed by the markedly devel-
opo. fore liub; consequently the retios of the hind lisbs are all
low. The lower liwb susele wese cometitutes omly about 23,5, of the
total in comtreet to the 64.5% found in the rat. The sequence of
wusele muse awong the iodividenl muecies is identicml with that of the
rat except for the gluteal group. This group is relatively -uech
greater in the rat.

ibe hanstringe woke upie hesviest group tiih S.45 of the total
éry muscle welight; oecondly the lover leg wuscles with 4.5, the
wuniriceps fenoris with 3.56)., snd other wuscle groue progressively
ewliers

The skeletal structure of the wole shows av wuch wdoptation as
tie susculature. Deceuse of the merkeu fucrease of wuscle muss of
the shoulcer girdle the therex ceems to lie fur posterioriy. the
mnubrive is us long as the sternus, is blade-1lke, and serves ss an
acues gouree of origic for the pectornls.

The cluvicle ls abovt geven millimeters wide aund only thres
 sllliveters longs This brings the senphohumeral jeint close to the
sternoclavicular. There lg alewo estabiished u wide articulatieﬁ ef

the clavi.ele with the humerus.
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The sespuls 1o little sore tham three cestizeters leosg em: sbout
iz millimeters wice, It iz quite uifmiy lomy and slender ans has
shsrp ridges that indicute the scapular spine and the axillury and
vertebral murging. There is 20 coracoid process snd ne wf@miam The
srticuler end lies far vestrsl beesuse of the shortnces of the c‘l&ﬁain
the suudal end lies nesr the spine of the fourth thorscie vertobra, and
%o attached to Its opposite by a sbort, beavy ligament. Thus the
scupule lies at o 45° smgle with the long axig of the body and lies
edjacent to the cervidal structurve.

The bpserus is flst -u dipe shaped, s Mt teo centineters long
and one end oue bulf centizeters side. The bloepital foremsn 1lee decp

- in the boue st the proximal end.

The radius 1o £1fteen willimeters long, the uloe Is tventytwos
the olecrunon process makes up ubowt o third of the lemgth of the ulne.
The end of tihe olecranocn lies over the middle of the sespule end ge
gives the leng head of the triceps e grect mechunlesl adwantage.
Supination and promntion of radius over ulma is not possible; this
setics is replaced by wotlon of the brachiwm and antebrachius as & umit
om the brosd clavehuwesrsl and smhmu}f erticulatious.

The earpus has a prepollex, the Faleiforwe, that lies letersl te
the radial iido of the cappele and snterially $incresses the troosverse
dlameter of the hamd. It hue bo phalanz. Thers is an os centrale
rresent. The .yhnlmg’n of the hend are as short as the carpale; the
distal phulanz of such digit has long, heavy ﬁls thet venrly double
the area of the band. The nails are pot split se In the Lureope.n wolee

The puble sywphysis ef the pelvis is open. The {lium and lsebiu:
are slender and wake the pelvis wnususlly long and uz‘m,. vith the



soetabulue sprreximately ot Itc cemier. The sscrum has a sssll,
blede-like dorsal proiruslion along the widlive that gives an added
site of origlin for the glutei.

The hind lizb showe relatively little wedificatiom and is a
typleal pushing type of llsb. %The tibis end filwle are fused but

leave & lurge foramen in the upper third ef the erus.
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- TaBLE Vi

l.w dry Percent of Fercent total

iole Upper
liub muscles weight in o body ﬂt liab wuscles

Trapesiue 155 ug 12.98 $.247
Spimetrapesius H
Seedpitotrapesivg a2
Geeipitosplculnris 69
Spiculegeapularis 29

latiesluus dorsi 188 ug 15.7 6435
Leut_or scapulae 45 ug 3.6 1.52
Rheuboideus 69 wg $.8 2e33

dajor S5

Uinor 14
Sternceleldommptoic 55 ug “ub 1.86
Pectopulis group 430 wug 6.0 14.59

Hojor 269

Decp major 28

Hnor 4%

Deep suprepectoral 22

Buperficial * 69
subglavive 27 ag 2.2 0492
Serratus enterior - 51 ug 43 1.73
Jeliteld 90 ng 5.8 2.36
Supraspisatus 16 ug 1.3 054
Infresrivetus 10 ag O.8 G 34
Yeres aiaer 10 ug U8 0.34
Teres major 550 ag 46..0 18.6¢
Subgeapuluyig 184 wg 15.4 §.36
Biceps brachii 58 ug 5.7 2.30
Yrachislie 40 ug 3.3 1,35
Seaphoantidrachialis 4 ug De3 215
Tricepe 250 ug 0.4 B.48
Forears wuscles 150 ag 125 $.09

Flexors 65

—RiEREErE R,




TABLE ViIL1

Lower Average dry Perecut of Perecunt ‘&eta;x.
limb suscles eeight in o body weight limb musele
120gwemele  (tees 10%) (2,951 grews)
Ilicpacas $5.0 ug 4.6% 1.86%
Niucus 10.5
Paong 44.5
Gluteus wazious and 36.0 ag 3.0 1.08
Tensor fascle luty
Gluteus medius and winisms 4%.0 mg 3.8 1.59
Szall externsl rotutors 25.0 g 1.} .85
Pirifornis 25
Cbturetor sxternus 3.5
Obturutor internus 20
wuaurstus feuoris 14.5
Hemetring muscles 166.0 ug 13.4 5.40
Biowps fesoris 65.0
sexitendinosus 33.5
Sesisembranosup 45.0
Gracilis T
Jarterius a0
indricepe Cemorig 108.0 ug 8.8 3.50
Addueters of the thigh F00 ag 5.8 2e36
m‘“‘ 5.0
Brevis 200
Tagnue 30.0
Festineus i1.0
Caudofenoralio 4.0
Lower leg wuscles 135.0 ug 11.3 4450
Feremei, long anichmrt 13.5
loreiflexors 38.5
Plantar flexors 23.0
w8 E Wugelen £0.C
Totel, lower limb 633 wmg. 53.95(20%%) 21.340
per lis nﬁggmﬁ 78,505
Total, both limbe 2.951 groue 2.448% 100 (=019
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Plate I Western mole (Scapanus townsendii) X 1.75

Ventral aspect. Thls shows the large pectorals; ihe
latissimus dorsi covers the terss major from this aspect.
Hote the cramial displacement of the shoulder girdle, the
pronated position of the forelimbs.

The abdemen and its contents lie over the leg muscles
from the vemtral aspect. Therefere this has been cut away
te expose the lower limb museulsture



Senpacun Tovasindt! (Wewtern Mote)
Yeikrad aspess

(Yore: Tiae vinears o Yosar sufhmine) supsuinture Hrye bevn
Y iCved o anow toe iottf Limbel,




Plate II Westeru mole (Scapanus townsendii) X 1.75

TiAwemem ] o men s i

Dorsal aspect. This shows the large terss major, the
complicated structure of the trapezius, the large latissimus
dorsi. One of the origing of the ocutaneous maximus is seen
lateral to the spinotrapezius origin.

Hote the unusual muscle relationships of the upper girdle
and the relative size of the fore and hind liumb wusculature.
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Plate III Western mole (Sempanus townsendii) X 1.75

Dorsal aspeci. On the lefi, the spiculoseapularis and
the spinotrapesiue have been removed; on the right these and
the oecipitoscapuleris and latissimus dorsi have been removed.

This exposes most of the deltoid and the dorsal portion ef the
gerrantus anterior.



' Lxtensors on forearm

Ulna

_Flexors on foreura

/ _Scaphoantibrachialis

Triceps, laterul hend

Triceps, medial head

Triceps, long head

Teres major

0ccipitospicularis‘(Trapezius)
)

Occipitoscapularia (irapezius
Deltoid |
Rhomboideus

Berratus anterior
Sacrogpinalis
Latissimus dorsi

Scapanus Townsendii (Testern mole)

Dorsal aspect
Shoving the arrangement of the
Trapezius and deeper mu-culature.



Plate IV Vestern mole (Scapanus towmsendil) X 1.75

Lateral espect of leoft forslimb. The latissisus dorsi
is removed mand shown in outline. This exposes the teres
major and serratus anterior. The pectoralis major is seen
from the side and the thickness of the musels is evident.
The digits of the manus are nuubered. Note how the

hand is made wider by the presence of the extra carpal.



Forenrm exiennors
Forinrn extensors:
Fvorvarn [lexors
Cowren {lexor tenuon

flceps brachii
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P

Tricepa. meninl Eaan

. Tricepsy long hend
Insertion of
l=tiz=eiiur erel
Cutaneous mwexlsup 3 1IN
Teres Mnjor

Pegtornlin mnjer

Subsicapulnris

serratus anterior
L Sarratng snterlor

Wutline of the
Latinsimus dorsi

Scupanus Townsendii (lestern mole)

Left forelinb Lateral aspecl
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Plate V  Vestern wmole (Scapamus townsendii} X 1.75-

Dorso-medial aspect of left forelimb. The limb hes been
pulled laterally and ventrally to expose the seapular muscles
to best advantage. The trapeziuve and rhoubeideus are removed.
Hote the unusual lemgth of the deltoid, which has its origin
along the entire length of the seapula and thusg covers the
infraspinatus. '

The pectoralis is seen from a dorsal aspect. The attach~
ment to the pectoral ef the opposite side is seen as o ecut
surface.



Suprapectornls

Forearm extenpors guperficial
da 1 deep

':1‘ ¥ . L H ! .
ci P8 iteral hend Clavicls
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Subeluviue

Rib § 1
Pecteoralis major
¢ut bordey
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Teres Major

Deltoid Subsespularis

Supranspinatus
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Scapanus Townsendil (Westerrn mole)

Left forelimb. dorso-media! aspect



Plate VI Western mole (Scepanus towmeendii) X 1.75

Articulated skeletal siructure of the upper limb. The
bumerus is seen from its lateral aspect. There is no
eoraceid process on the seapula.

Hote the large, stromg, long nails, end the extira carpal
¢n the ulnar side,,the falciforme. The carpals are
indicated by letter as follows:

navigulare
lunatum
triquetrum
pigifoime
sentrale
multianguler (2)
capitatum
hamate

mca:q}u&a&*m

The metacarpals and phalanges are numbered. Omly two rows
of phelanges are present.



Sespuln

. Clavicle
Glavicle

userue TR

Txtennor surface Flexer surfece

Upper 1izb, wrilculeteu
cetern mole
. [Beapanus toensendii)




Plate VII Western mole {Seapanus townsendii) X 1.75
Disarticulated skeletal siructure of the ghoulder girdle.

With the oxception of the scapula the bones tend te be short
and thick. The humerus has a large ariiculeting surface for
the claviele. A groove and foramen are present for the terden
of the long hend of the biceps. There are several large
nutrient foramina present, the largest being im the olecranom
fossa and in the raedisl groove.

The seapule shows little resemblamce to that of other mammals.
The origin of the teres major is fairly lerge. The infra-
spinous fessa is suell and containsg the smell infraspinstus
mugcle.

The elaviele is very short and thick amd articulstes with
the humerus-

There is no evident supination or pronation of the feoreurm,
though the rudius and ulua are connested only by ligements.
The seromiom is large and gives the triseps a mechenical ad-
veniage. The ulma articulates with the carpale.
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THE L0 BARED BAT (COURYNOMBINGS)

The live weight of a series of buts (Corynmorhinus) rangsd froa
8.7 to 10,15 graus. 7“hese buts were all femsles and were all obtained
fron one source. Uut of a series of about thirty bats obtained in the
courpe of three sumsers {for purpcses other tham the study of myolegy)
only ome =mle wae r—u{ bis live weight was 6.2 grems, about itwe
‘thirde the weight of the females.

The totel dried wusele of the limbs weigns 368.5 milligruans, whieh
is 390 of the live welgits Thie omcescs the ratios of the rat (2.67%),
the eat (1.881), the rabbit (1,570}, and the mole {2.45L)s The upper
iied wuwculeturs coustitules 885 of the total lisb suseles suss; the
lowsr 1inb only 120. 7Thig distribution of wuss is most glosely approushed
by the wole with its 78.5% dletribution im the upper lich end 21.5°
in the lower. All these ratics show o warked eontrust teo those of
the mamsule discusesd so far.

The pectoralis group is unusually large, comstituting 38.85) of
the total muscle maes. This fur sxveeds the percenituges of the cowe
wug:le in eny of the other animale, se ingspeciiom of the table of
somparisone will ghow. The pecteralis major may be divided lute twe
ruther indefimite portions, an upper and & lower. At the slte of
aporoxioute divieion @ emull fibre pusses out 10 the pategisl suscle.
The pectoralis sicer is serely a slender siip lying Lementh the major.

The mext lsrgest smscie is the subssapuleris, weighing 9.09% of
the total wmscle waas then the serratus anterior with 3.15;1, the
coubined antebrachial muscles with 6,731 of the latter, ibe extensor
suscleos maie up three fifthe of the muss, the flezers onl; twe fifths.

It ig evident thnt the extensor pellieis lomgus an¢ the abiuctor



poliicis leogue eontribute wost of the weight of ihe extenser growp
ané gorve te drew the "leading edge® of the muams forwnrds. leceuse
the hapd wuscles of the but are e0 extreuely fime it wms net possible
t9 diseect theee muecles cut and de certais thut enly wmscle iissus
vas removed; furthervore, tic halosees svailable wers imagvuruie at
tenths of 3 =411%,ram, and the weights of the hand museles were confimed
te thig sml) rebge. The abductor digiti quiati appesrs to be the
largesi of hupd wuscles. It extends up the ulver slde of the rudiuve
for a distence of about ten millimeters -~ about a fourth of the length
of thut bomes This mmasle serves to oypose the sctiom of the asbiuetor
end extensor rollicis, and druve the savus busk acgeinet the ante=
braghium sp in th; positiop ef rect. The erigis of the muscle gives
it u desided nechunicul advestige that comensates for its relutively
suall size. Thr luebricals sre sise «i aB cdventage bessuse the
arterovposterior dicueter of the earpels iz inerecesd. |

There is am tnusonl wuscle present im the bat that 20 far hes
beon noted in onmly two other weumals - the duck-bill (grnitheriynchus)
and the Auetrallam porcupine-mntester (Iehidma}s It is um ascegeory
amecle ndapied in the but for fight, ’mﬁ bore tersed "putagielis.”
Its origin io principulliy om the ocuiput with ap secessery origis om
the up or bowrder of the peetorulle. The pateglelis is o slender cussle
£ st extends over the top of the delteid for n distance of anbout seven
wiliimeters and them inscrts inte a leng sirend of elmstic tissue.
Thie strend pesses the full lengih of the brwchivm and antebrachiua
t0 attegh to the distal end of the rdiuves It gperves as the antericr
sup ort for o fold of skim thet imereases the surface area of the

wenbrone of £light when the forelind is extended. The dry migﬁt of
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this musele jo only 0.5 silligrams. and the suocle makes wp emly 0.14%
of the 1liad wgeulature. It is evident that the welght of the sueele
is not the eriterion of its iluportance. Hereggain the site of origia
has pleced the wugele at n mechanical sdvuntage thet coupensates for
the poverty of musole nass.

The museles of the 1lmwbs tend to group their sses at the puu:l.-l
ends of the lemg bomes, while the tendous are slender anc very long.

It wap found that there 13 relatively little waristion in the sites of
origin and ingerticn of the wuscles =f the bat as sowpared with the
rat, but the paturmd positlene of the liabs a» well as the sheletal
chunges beve sltered souewhat the actiom and relationghics of the
mugcless The delteid ig in part synergistic with the psctoralis we or.
The elavieulsr origin of the delteid overlies the claviculsr origin

of the recteraliss 7The lower portion of the pectorulis bus many fibres
tint are directly contiousus with the rectus sbioainus.

The wupele tersed “eostoscopularis™ is probubly su amterier elip
of the rhombeid. The origin is om the anteriocr suriaces of the seccud,
third and fourth ﬂh, Jjust bemouth asd laterul to the erigis of the
gporratus anterior. 7his glip pasces over the :hoq}.éw} hee o fouw
fitrous ivsertions ou the cormecid process ou its way ever, aud jusses
on to imsert with toe lewetor scapulee and wr er portics of the rhou=
boldeus winor om th: wvertebrul berder of the scapuls.

ihe gsubslavius ls a wide, flat muscle, lergely m- at its
erigin on the tuberele of the fipst ¥idb. The neubravous tendon pupses
down to become contivucus with the fapclie covering the inisrcogtal
lnterspeces.

The lewvutor scapulse is primerily s msedial rotator of the seapulay



3% is aided In thie action by the costoscapuleris, and is omly second-
arily an eleovator of the seapulue

 The twe outpiacding festures of the myelogy of the pelvic girdle
are the meagersece of the susole mase end the sedificaticn of wuscle
sclion, secondery te the upicue position of the femur (im externul
rotation , flexion, wnd warked ubduction).

The largeet mmpele muss in the lewer limb is the ilicpeons, which
makes uBp 9.6 of the total mh vasse Ihie wwecle lies outalde of
the body eavity iz its lover pertion. The second lurgest m-ss is the
banetring grovp with 2.4%. The comstituents are the seuitendincsuc,
soulneabranosus, acé gracilis. There is me sertorive. The position
of abduction of the thigh brings the side greucilis to ¢ functiomslly
ioportast position. There iv ne biecps feworis or eny musele to
reploce it ether thun @ few fise Tibres of the quudriceps feuoris that
lis on the laterul pive of the popliteal iwach enid that ingert alenmy
the luteral side of the tibis.

The meoxt largest group comsists of the sdductors, in which ie here
I.nqlu&oé the adductore longus, brevis and mcgous, ibe peeticeus, amid
the caudefenorslin. This group totals 8.0, of the muscle wnsa.

Ve temsor fsevis lata iz to be found. The divisien between the
lesser glutel s imdistinet mme geparution fnscourcte. The rectus
fomoris 1ls the mmjor constituent of the uadricepe femoris. 7The smell
extersal rotators of the thigh could met be resoved with scourtey, and
undeubtedly some of t.o suscle fidres were left in the surreumding
foacia in the dissections. Thia wasz evident by the incousistencles of
the welghts of this group im the different buts. The cendefemorsliis
is well doveloped and serves «» » smsele of flight, scting on both the

fomur wrd the esudanl vertebrue.
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The outslanding adaptetion of 'he skeletal structure of the bat
is ihe lengthening of the bomes used in flight. The bumerus bas aleng
ity antero-latersl border n long amd wvery prominust ridge that gorres—
ronds to the deitcid tubsrosity of other enimale. It Is sbout five
williseters long and serves as the point of imsertion of the pegtorslis
wajer ue well aw the delteid.

The ulna eomsists colely of u swall spisule of bomes It ‘s omly
seven ulllisetors lomg, and of thi s lemgth the olecrumon process
coustitutes more thon balf. The uima is attsched to tic rudius omly
by ligavents und without ossification. There lo a limited ausination
anc prow.tion of the mding is the rudichuver:l srticulstiom, extensing
over a vunge of about ten degrecs. The carpus is gst at & wurked ulssr
abduction 0 that the £ifth phalunx cum be brought to 1is parsilel with
the suntebrachiwe. This pesition sllewe & wotion sn.logous to crensticn
wné supimetion, But setuwully i o flexlom and extemeion througk the
sarpuse A1l the phalenges are long exeepil the thusb, whieh is short,
grasping, =ud bee a sharp claw.

The shape and wtructure of ihe trunk hee aleo sitored ihe fusetion
of the 1iwbe. There is a merked kyphosis of the spime frow the first
{ow corvieal te the first candsl vertebrae; this forame o couslete
senieirele thet sultende s« dicweter of sbout 1.0 centineters. The
ventirul thorecic und ebdomicel wall lies slong this diemeter, the
xypheld precess lyinmg at the gontrul peint. The first thres cerviesl
vertebrae show sarked lordesis that brings the head inte the rreper
vieses The vertelrae sre successively smaller, from fir-t servieal
o teruinel caudnl,

ie ir the wole and aw ia- sost batsy there lg ne vubic aymphysie.

However, the wbi'a l1iee at & dlotunce ventrully froau the westobulusm



sms thus glvee s grester sechapicsl ndwant e to the sdungctiors ol

the thigh. The fenur is aut rigut usgles te the polvie and 28 Jirgcted
sorpaily vith an externel rototiome She Jigits are sll shord anmd

all buve cluws. The Bullux lieo puralled with the other digits.

“here sye nine caudal vertesbrae, lomy und elenders They wuppori the
esudul portiom of the {lying mesbrune that extends from the lower
iiwbe.



Als IX

Serynorhiimip Aver-ge dry Percont of Percent total
Toper limd suecles weight lu a bedy weight 1ind muscle

9.42pmm et (thwes 3077) wi. (368.5gee)
“rapesiue 16.6 ug 17.6% 4.50%
Uapor 1¢.2 '
Lower i
Latissious dorsi S ug Gl 1.55
Levater scapalne 4.5 ug Faf2 ie2%
Ruonbeidans 3.5 ag ™ GuBo
sternooleddousstiold 3.0 ug 3.2 OullZ
Tectorslis 145.2 ug 154.5 3850
dsjor, upoer 9.5
Hojor, lover -
Apor a1
Cogtomeapuluris 7.2
Patagiala 0.5 mg 0.5 4% 13
subolavius Bel g 243 0.60
Serrsius gnterior 0.0 ug 350 B.28
lelteid 10.1 wg 11.7 2.08
Supraspimutue 3.0 ug 32 G.82
lafreapinetus 15.6 ug 16.8 4.50
Deep 8.4 .
superflielul T4
Terss miuor | 03 g 03 0,08
Teres wmjor 3.7 mg S8 100
Subsgapularis 33.5 og 55.6 5.09
Dleeps bruchll 12.7 og 13.5 d045
Loag F.€
Short 8.1
“rechialis Guld wg | Le08
Coreectrachiclis 0.7 ug Ce¥ GekS
“riceps 10.5 ng 1lel L.04
Terears wuee ¢v 2648 wg 6.4 .93
Flexors 8.7

— T 1841
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Copynephinug Averuge dry Pervent of Fercent total
woight in a boldy we 1iludb muecls
Lover limb mmecies M {368.Sgun)
Iliopscanse Pef ug 10.27 £.608
ILinous 4.1
Peone Ead
luteus sexiuus 3.& ug 3.8 Da98
Leszer glutei 3e3 ug 3.5 8.90
Swall extermal rotators 13 mg 1.4 0.35
Longtriag wuselee Sl mg 12.0 2.55
Senltesdiscsue 23
Sexsineabrmogus 3.4
Gracilis 3.7
wundriceps fenoris 4.0 ag 4.3 1.09
idductors of the ihigh 8.0 mg 8.5 2416
Adducter longue 240
Adductor brevis 83
Adductor magnus 3.0
Pectineus 1.5
Caudofemoralis 1.0
loser leg wusclen ' 5.7 mg £.1 155
Peronei long and shart 1.0
Dorsiflexors 1.2
Plantaer flcoxors 2.0
e SABAE TRARCL R AT
Total upper limb 3786 ug 3,457 80,00,
fotul both limbs 368.5 ug 3.927% 108 . {=1.18)



Plute VIII Long eared bat (Corynorhinus rafinesquii) X 3

lpte the ralotlive sssese of the fare and hind limbs, the long

—— g wemw PEF L I -8 SRR LAy

tendons, the lﬁns and slender limb bones, the positian of ab-
duction and flexion ¢f the lower limbe.

The mugcles of the hind liub can net be very clearly indicated
in this drawing.
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Plate IX Long eared btat (Corynerhioms rofinesquii) X 8
Anterior aspect of superficisl museulsture of upper liub. '

Nete the umusually lerge pectwalss There io a seall elip
of musele fibres on the upper latersl portien of the pectoral
that sends o slender strand of commective tisecue to the
patagiale, supperting the leeding edge of the wing wenbranme.
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FPlate X Long earec bat (Corynorhinus rafinesquii) X 8

Anterier aspect of upper limb with the peetoralis and
clavicular deltoid removed.

The shoulder has been reirsoted laterally to expose the
subseapularis.






Flate XI  Long eared bat (Corynorhinus rufinesquii) X 8

(ranisl aspect. The bat is docapitated for better exposure
of the uuscles.

The shoulder is vide and tepering. The claviecular portions
of the deltold and pectoralis are symergetic in abduction
of the humerus.






52

Plate XII Long eared bat {(Corynorhimus rofinesquii) X 8

Dorgal aspest of the upper lish

The abducior brachii is accessory to the deliold, lies deep
to the latter, and superficial to the infruspinetus.



Long eared bat [Corynorhinus ofinesqul i)
Doranl aspect
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Plate LIIT  Lemg eared bat {Corymoraisws rafimesquii) ﬂ
Doresl sspeet of upper liub. Deeper musculature.

The trupesiue bus been conpletely remeved asd the latissiavs
dersi reflected. This exyosvs the rhoubolds, the lewator
sessulae, the dorsal sopect of the subelavius, the supra-
spinatus, apd the tares major.
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Teres major
Serra
anterior _
4

Long eared bat

Doranl aspect:

Levator scapulae

Subelavi ect
| av E£“£g:{:a1 aspect)

Supruspinatus

{Corynorhinus rafincaquit)

trapezius reuwoved, latigsiau
dorai reflected




Flate XIV  Lemg sared but { Corynerbimus refinesquii) I 8

Dorsal aspeet of the lower right limb, superfirisl and decy
musgulature.

Beto the size of these wmusecles au compared to those of the
previeus drewings.

Thers is un extermal iliacus present. The wccia' labeled
“gluteus wediud iz tersed “gluteus tertiue™ by Mocslister.

There is no gluieus winious. The cuudofeweralis is fairly
lurge.






Flate XV Leng earec bat {Corynerhimus rafimesquil] X 8

Ventrul sspect of the lower right lind, suverficiel wni deep
susculuture.

Eote the abmpemce of o bicaps feworis and sartorius.
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Uind leg, right. Desp susculsture, vemtral
Long eared bat (Sorymevhinis reffmesqut?)




THL SUGRT BARED BAT (WYUiis)

Several differeuges were noted between the Myotis end ihe Corye
porhinus, though the varistions were not sufficisntly grest sc es to
be detected by disseetion alone.

The sverage live weight of the Uyotis io 6.3 grume; of the Jory-
verbinus, 9.4 grase (females of both spovien)s The totsl éry wmuscie
veight of the limbs is 151.5 willigruss im the iyotis, in the Cory-
vorbinus, 368.5. There is evident therefore u relstively grocter
mugele uass per boly weight in the larger bat, the Corymorbinues The
dried migcle mues of the dyotis comstitutes L.47 of the body weighty
of ibe Corymorhimus, 3.9%. The distridution betweer limbs iz about
90, im the upper wmd 107 in the lower linb; the Coryporbisus shows
an 861 ~ 12% dlstribution.

The uuscles of the twe bute may be coupersd ns follows}

escles greater in the Corymorbinus iuelude:s
All lever leg wesics
A feov upper limb ﬂﬁt. iscludings
Forears muscle suss
ticeps bruchii
Delteld
Trapezius
Gubelaviug
ugeles greater in the I-grﬂio imﬁ-dga
Mest upper limb wuscles, issluding;
Subgeupulsrie
Serratus enterlor
Pestorelis growp

lotissims dored
Swpraspisutus
iricepa
Rhomboide
Levator geapulae
Patagialis



I

Pecause all specinmens of the Nyetis were decupitated it wns sot
possible to compure the waights of the evisserated and shimed anfuals.
l?amtﬂy all the bats had besn weighed bafore decapliatiom. Je
stergecleidomstoid weele weights sere obinin:ble besause > the
decapitatiom. The trapesiue wes found to be intast in w06t cases. The
Teres ainor and bYruehiaslis wugoles ecomwid uot be distingulehod and were
therefore cultted from the tablos. it is moot likely that these fibres
were locluded Iz the surremniing suscles, though they may hove pussed

 unpocognized im the comnective tissues.

Hote that the foreara and biceps muselie mass of the lyotis is
deoidedly lowy than that of the Corynorhioues, although the trlicepe
ir alighily grester in the former.

Although all the lower limb musecles are greater iz the Corynorhinue,
the mtlos of the loser leg wmiscle messes are very siwiler. The
adductors of the thigh show the grestest differenee, and are the ;nntu'
in the Corymorhinues
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SAllE O

Wyeiig Average dry Ferceut of Fersest total
tprer 13iwdb uuseles woight in a body $ 1indk susele

o 6.3 prucut  {tines 107 (151.Sug)

Trupesius 8.Y ug 10.65 444310

Gpper $.4

Lover 1.3
latissione depel g1 =g 4e¥ 8408
Lovator gga ulse 27 mg S8 145
Jbenbeidevg 1.6 ug 25 1.08
Tesctoralis group 614 ug 27.8 40.53

ejor upper 13.8

m.f, lower 42.3

UHnop 1.4

Seaphoecetalis 3.7
‘ubeluvius Goll mg 13 Ued3
Serratus antericr 1846 ug 3t .54
lelteis 3.7 ug $.% Sadd
Supruspinatus 1.6 mg Za5 1.08
infraspinatus 645 ug 10.6 4,30

Deep 3.9

Superficiel 28
Yeres uiner
Teres unjor 1.3 mg 19 099
Subscapuluris 15.% ug ) 5.8 10450
Biceps btrachii 3.8 ug §a0 “a50
Brochislis |
Corneobrachialie 05 mg el fe33
"i:l'iﬂpl 45 ug T2 2.9%
Forecars magelics Tl mg i2.1 S.00
Flexcrs 1.8

putensors . 98 C——
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Hyotis Averuge dry rercent of Persent toted
weight in 2 body 1isb suecle
Lover limb suscles 6.3 gm bat gines ﬁ U, {(151.5ug)
Iliepocas 3.7 ug 5:&9}: 2444,
iliascue 18
Fooug Led
Gluteus mexinug led ug Zed 9«93
Lesser glutel 1.3 ug 2l 0.86
Samll extermel rotators Oeb ug 1.2 Qe
Jupstring muwacles 2.3 mg 3.7 1.58
Semitendinesus 35
Seminesbranocus 0.9
Grucilis .9
susiricepes femuris 1.5 =g Zel et
adéuctors of ihe thigh 2.6 mg 4.1 1.72
Longus 4 brevis 0.3
Sagpaus 1.4
Feotinsus Va7
Seaderesoraiis Q.2
wover leg susclss 2.8 og 3.7 1.52
Dorsiflexzors Gel
Flantar flexors 1.8
Tetal, upper liab 136.0 ug 2164 89.73"
Total, both liubs 181.5 ng 2.415 31005 {-0.02})



;L syl Q‘E

im mttespt iz here mude o compare the musele masses of the 1isbs
in sixz ssries of specislised wasmale. The purpese is to ohilain data
for the cesparisen of msele woe with corebellar lebes and [issures.
e anisnle discected included the ral, eat, n}abit,. novle, and two
species of buts. The woights of the musels groups sbhout the inbs of
the wvarious enimle is expresced im twe sayss 4m percent of total liuwb
wuscle wasor nnd in percent of live weight of the amlmaly

Bysaunge the woigturs content of the wuecles preduced ervors and
wariutions {v woightes, all mmscles were dried till ne significunt change
in welght we svident. iy & rule ibe wet muscle vas found to weigh from
four to four and = halfl tiges the veight of the dry. Fut wne dissclved
from the suscle tissue by aeses of zylcla

The Qiatr-&bﬂim of muscle muee betveenm the fore and bind linbg wae
foupd te be nprroximutsly as fellows:

joree « 361 45 4 4 . 8% 88,
Hinds . G4y 5% &84 234 10 p § 74

The perceat of ioial dried limb muscle tiesuwe per body welight cum

be eonpared as follows:

J— 1 ] et Jyatis dule at fLervsorhicus
2.120  3.770  4.8¢7 4,907 5,361 L8567

The sbove figures, srrenged sccording to degree, shoe the rudbli to
be the least sad the Corymorkimus teo Yo the a6st museclur of the muwmis

studieds



‘The cat shows a fairly equal distribution of muscle muge without
eny ome group vutglandisg over that of the vther mamuales bere studled.
It also shovs o generalizetion of dexterity and fumetion of limbe
vithout a particulep or outstanding specialization.

“ihe rat hus & relatively lerge hind lisb wusele amss thet iles
particulurly in the hemstriusge, the glutei, and the mmseles of the
shank. The mags of the ferelisb is about half that of the hind.

The rabbit has alse & relutively large hind 1imb miscle suss.
“hie lies purticulerly in the hamstriogs, though is fairly well dioe
tributed about the lower lisb. The sdductors are i the rubbit twice
the sass In the ret; otherwise the hind 1iub groups of these two
anisale are wery nearly squel. Uost of the groups &5 the fcrﬁliub
ure very much below the ratice of vess in couparisom with the cther
anizale.

The mole has a very lurge teres sajor; there io aleo e large
pectoralis ;r.#p end & lurge subsecapuleris. The pectorals, although
mueh larger than the guse group in wost other semuals. is wtill wuch
soalier them the pectorsl group of the lete. The irepesius, rhcmbeids,
lutissinus dorei, sud triceps are ell sowswbet larger thun the gece in
the other mamuals studieds |

Beth speclies of bats studled sbow remarkubly large pectorals.
Vorious sanll differences exist between the wuscle mugscs of the tuc
bete, but nowe cre very outstauding. The heustring muscles of the
Corynoriinus are larger than those of the Wyotis et a retic of 513
The adducter group is alee definitely larger in the Corymerhinug.
Vith a few exeeptions, the fore 1imd museles are reletively lurger in

the lUyetls: the hind limbe mre relotively larger in the Sorynorhinus.
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Becuuge ithere is no swvailable snstomieonl deser’pticn of the bat
or uole it hae been neossecry to iaclude a brief Jiscussion of the
uyology of these evimmls und te identify with illustraticss the suscles
el the liubs.

In the folloving sumserics of talmletions the musels wuvses ure
arranged in correeponding groups and asecordiag te funetien &g near as
possille. & direct comparigon of ratios of musele groups in the
d¢ifferent epecies oam be wade.

Interpretation is simplest inm terus of percent per tetal muscle
veight. The tabulations im percest per live bLody welght are confusing
bocause the ampunt of total limb wuscle per body weight ie so excced~

ingly weriable in the different opecies, we Indicated sbove, and
ranges from 2.12% to 7.86%.
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TallE XXIZ
Summary of Tebulatliems, Ixpressed In Fercent of Total Limb Lusecls Ueight
Trepesiue 64811  5.30F  3.30. 9.430  4.43.  5.450

Sternocleldomustold
Phombolde

latissiuue dorsi 4,00 £.39 2.59 6235 2.02 1.55

Levator seayulue 3.68 4.28 3.47 3.25 16,69 918
Serratus suterior

Pectornl group 5.03 6.00 5445 15.43 4.26 4G.24
Subelaviue
Fatagiels

Deltoid 7247 13.60¢ G35 28 .48 15,07 18.28
Supraepinstus

Iafragpin. tus

Teres miner

Teres mmjor

Subsespuleris

"iceps bruehli 1.44 2.34 1.26 3.80 2.83 3.72
Irachislis guticus _
Coracobruchialie

Trice ve $.9% 710 S.08 Bo48 2.9% 284
Aotebrachinl muedes §.42 F+686 3.22 5.00 5.01 6.73
Iliepeocus 5.57 3.46 £.08 1.86 2.44 2.80

Gluteal museles 12.84 .12 10,80 3.66 2419 2423
Jengor fuselin luta
leop rotators

wasdriceps femoris 9.06 8.67 11.04 3.56 0.66 1.09

Bieepw feworis 18.40 15.10 17.8¢ 5.40 1.52 258
Senisenbranoste

Grasilis

Serteriue

Tengor fascis erwrie

Thigh adductors 5.11 5.41 11.45 2.36 1.72 2416
Teetinenyp
Coudofemoralis

Poronsnei 13.50 12.50 1..40 4.50 1.52 1.85
Ueresiflexors
Fiantar flezors

galf sueclee ’ "
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TARLE XXV
Sumsery of Tabulstioms, Expressed Im Percont of Body edght (e10°8)
Mgele groups  ~_ Tat Cat fabbit Mole  lyotis Cormorhipus
Trape:ive 16.37 9.9% S0  28.30 13,30  24.58

Stevnoelelidomantoid
Ahoubelds

iatigsimms dersi 9.5 8.2 4.1 15.7 4.5 6+

Levator scapuloe 8.7 7.9 5.5 Se1 26.7 36 .8
Serratus snterior

Peotoral group 119 15.5 Be6 38.8 3.4 157.3
subslavius
Potagiale

Uelteld 17.2 22,0 13.1 0.1 46.1 Ti.5
Supraspinstus

Infraspinatus

Yeres winor

Teres sojor

Subscapuluris

Biceps brachii Sed a3 240 2.3 G5 145
Srachinlis
Corncobrachiclis

'ﬂdm 11:3 13.3 T 20.4 T2 12-:1
Iliopsous 13.3 6.5 De5 4.6 5.9 10,2

Gluteal mugcles 3.6 11.5 16.9 8.0 5.8 B9
Semsor fasela lats
legep rotutors

weiriceps femords 1.5 1644 17.3 848 2.1 4.3

Bloeps feuoris 4240 204 28,0 13+4 3.7 10.0
seaitendinogus

Fenisenbr ncsus

Groeliis

Serteriue :

Tengor fegcin eruris

Thigh adductors 1z.2 i0.2 19.9 5.8 8.1 Ba5
Feetineue :
Candofenoralip

Feronuei 3.5 2344 16.3 11.3 3.5 6.1
Dorgiflexore

Plantur flixors

Calf muscles . —
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The five outotandisg wusele groups of each species studied snd
the maeses exzpressed is percent of total limb wmesle wmeight are

arrenged in seguence of size of wuscle muss us follove:

Rat
lmrstring muscles (Blceps, etss) 18,407
shavk wuecles {Feremaei, etes) 13.50
Gluteus group und desp rotuters 12.84
Qusdriceps feuoris .08
Seapular suscles Ted?

Cat
Hemptring wuscles {Biceps, otes) 154108
Sespular wuceles (Mteii, etes) 12.54
Shank muscles {Peroncel, etee) 12.50
wundriceps feworis Be07
Verearu miscles Tl

Nnbbit
Hemetring wuscles (Blceps, ete.) 17.847
Adductor unseles of the thigh 11445
wuérleeps feaoris 11.04
Glutenl group snd desp relutors 10.80
shank mugcles (Percmuei, ete.) W

lole
Senpuler museles {leltoid, ete.) 28.407.
Pecteral grewp 15.49
Trapesius group P.43
Tviceps ‘ Bl.48
Lutiseiuue dorei A 635
Tyotig

Peotor:) group 41,264
Scepular suseles {lelteoid, ete.) 19,09
Serratus anterior & levator soupulse  10.60
Foresrs wmecles 5.09
Traopezive group 4.43

Corynorininus
Pectoral group 45.243
Sewpul -y muscles (Deltold, ete.) 18.28
serrutus en erior & levator scapulue 8410
Foreara mscles 6.73

Trapesius group Sed5
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