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. ABSTRACT. —Fusion and growth pat-
terns of long bones of the miskrat in
Illinois -are dQeseribed., Subadult. and
adult skeletons were sepamted into nine

reiative age groups by skull develop-

ment and first upper molar extrusiom,
Meaits of the dimengions. gathéred Ffor
each age group were used to!estimate
relative growth rates. Distal | elements
of the limhs aﬂproach adult size .edr-
lier than ‘the proximal- elementg and the
pom;ble use .of these latter i age de-
termination is indicdted.” The'séquence
of ‘epiphyseal unicn alosely- paré,llels that
of the albino rat and the guineés :pig.

Retarded fusion has o marked! eﬁ‘ect on-’

growth dnd proportwns of. mé.jor long
hones.

Although the appendleular skele-
‘ton of the muskrat-has beén. de-
seribed  (Latimer and Riley, 1934;
Miiller, 1953; and Flaim, 1956),
studies of postcramal devélopment
are lacking. This paper - deseribes
 growth and fusion of long bones
of th(, muskrat in Illmols

MaTERIALS AND Mersops

Spscimens,
tong of 115 animals, trapped during
November and December 1959 in
MeLean . and Iroguois eounties, Illi-
nois and. two immature specimens

- taken durmg the. suminersiof 1960
and 1961 in Montgomery , county

were used in thiz study. Skeletons
wure prepared by macerating the
bodies in water. Thesr were stored
~in ecardboard cartons at.room tem-

- perature and arve part of the col-

lections of the Department of Bio-
logical Seiences, Illinois State Uni-.

vergity, Normal, [llinois. Nine
known- -age muskr'lt &kuﬂs from Towa

‘acters by Snyder (]’954)

The skulls and skele-
~plate” II).

(Iowa State Umverhlty (,atalogue
numbers: 249a, 250a, 251a, 252a,

2534, 254a, 255a, 430a, and 638a)

were. used as re{"er'ence in aging.
Theﬁe skulls were alz-so studied by

Galbreath (1954). .

Age a_r‘mngemenﬂ THincis musk-
rats breed from April t¢ September
(Hoffmeister and Mohr, 1957, p.

180); the sample thurefore gontain;

ed in addition to adults, subadults
ranging in age from about three to
eight months. Determining relative
age in the subadults required devel-’
opment of-a technigue not previ-
ously used for aging muskrats.
Skulls of the meadow vele (Microtus
pemisyl%am‘cws)' were geparated into
niie. age groups according to the
developuient of certain sknll char-
. Bimilar -
ehanges in age ceeur in muskrats.

* Skulls. of newly born musl;rats have

a smooth dorsal quriaee and Jack
postorbital processes (Hinton, 1926,
With increasing age,
postorbital processes enlarge, lamh-
doidal and interorbital crests de-
velop, and-small bony ““horns’” ap-

.pear at the junetion of the parietal

and: squamosal bones (Gould and
Kreeger, 1948; Alexander, 1960).
Undamaged skulls from 79 muskrat

- skelétons were examined; those with

sevelrely damaged craiia \_wefe not’
aged. The postorbital processes-on
eagh skall were assigned a value of

one,’ two, three, or four in order

of increasing development. lSimil'ai'
values— were assigned to a second
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character-complex, the development
of the “‘horns’ and- the interorhital
crest. The degree of first upper

molar extrusion, a valuable age eri-

terion, was assigned a value of two,
three, or four; fluting end not visi-
ble, barely visible or visible respee-
tively (see Olsen, 1959h). The sum
of the three assighed values indi-
cated the skull’s relative age (Fig.
1}). Nine sums represent nine rela-

tive age groupd. A total or score of
five represented the youngest of the

animals trapped during the winter
and a score of twelve the oldest.
Four, the smallest possible total,
fitted skulls of the two immatures
collected in the summer.
Tomposition of each age group
was: group four, 1 male, 1 female;
group five, 5 males, 5 females; group
slx, 5 males, 7 fomales; group seven,
9 males, 4 females; group eight, 3

~males, 7 females; group nine, 9
- males, - )
males; groups eleven and twelve, 6

& females; group ten, 4

males, b females.

Age groups éleven and twelve
were considered adult because: (1)

[ 2y

AGE BGROUP 4 :

A=POSTOHBITAL PROCESS DEVELOPMENT; BaHORNS-INTERORBITAL CREST DEVELOPMENT,
C=FIRET UPPER MOLAR EXTRUSION (NCT SHOWN).'

-and  Shanks,
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they  alone had -adult dentition as
described by Gould and Kreeger
(1948), Galbreath- {3954}, Sather
(1954), ‘and Olsen (1959b}; (2)
serious bone disease ocenrred more
frenguently in the two groups;. (3)
the only specimens with completely
fused sacral vertebrae were membdrs
of. these groups; and (4) a known-

‘age Towa skull of 571 days was com-
" parable to those of age group eleven.

The other Iowa skulls, all subadults
of 171 to 222 days, corresponded to
age gronps six and seven.
Morphological differenees and, to
2 lesser degree, various dimensions
of muskrat bacula may be valuable
eriteria for defermining age {Hlder
1962). - Of 42 male
skeletons  aged, only 12 bacular
shafts were recovered, DMeasure-
ments were mot signi ’a:n‘rly corre-
lated with the age grouping, but
there were definite mize and mor-
phological differences between  ba-
eula of subadults and- adults. An-
other check on the age grouping was
made., The degree of epiphyscal
union in long bones, closely corre-

I‘zut gE 1. — Dorsal view of muskrat skulls and developmeént of ‘characters

used in aging (about L4 natural aize),

4, 5, 5, & 9 and 12. Postorbital process development:
1,1,°2,3, 4, and 4; and firg{ npper molar extrusion

intel'orl‘]ital crest. develnpment
(nut shownj: 2, 2, 2, 2,2, and 4,

From. left to right, the age groups are:

1, 2,1, 3, 3, and 4; horns-
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lated with age, was determined for’

all skeletons.  Only eight of the 79
skeletons aged did not fit thédir re-
. spective gronps with regard to the
numbers of epiphyses fused, Tur-
ther study revealed .that most of
these skeletons also exhibited aun ir-

regular sequence of epiphyseal un- -

ion- (see. discussion of sequence
" eonstancy under
Whether the differences represent -

natural V‘d,rla,tl()ns in the fusion pa,t-

terns and charaeters ubed in aging,
_an overlapping ~of the -age groups,
. or dbnormal cond1t10ns, is unknown,

Measurements. A Vernier caliper-
reading to one tenth of & millimetor
_ wag used. Bones were held so-that
the long axis was parallel with the
caliper’s back, Measurey of leff ele-

ments wera recorded and if unob-
tainable, the corresponding right di- -

mension substituted.. Although Lati-
mer and Riley (1934) gwiated that
the long bones of O. 2. cinnamoni-

s were asymmetrical, preliminary

work rchalod no- measurable dif-
ferences in ‘rho;-se of Illmms musk-
rats.

The ilinm was measnred from its
anterior end to the anterior lip of
the ‘acetabulum; the . innominate
bone,

posterior ‘border of the pubis. Di-

mensions of the calcanens and elav-

icle were maximuin lengths. Skull
nicagurements were taken in the
manner degeribed by Sather (19567 :
total” skull 'length, from ‘‘anterior

surface of the ineisors to the eon-
width, |

cand  gygomatic
distance between

dylions,”’

““oreatest the

outer surfaces of theé zygomatie

¥

arches,
meénts i _
taken in. the manmer .deseribed by

Other long bone measure-

Fusion  below?).-

from the iliac crest to the
angular procosses},

{maximum - lengths) were
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Olson. and. Milter {1958, p. 140-141).

Grease content of bones varied con-

siderably
not taken.

Maceration destroys. cartllage dnd
occasionally detached epiphyses
were held against diaphyses ‘while
measuring. To check the effect of
missing epiphyseal cartilage, long
bones from the carcass of a. sub-
adult male were defleshed and meas-
ared; and after thorourh maceration

therefore Weights were

and drying, remeasured. The dif- .

ferences in millimeters, were: tibia,
0.7 [emur 0.5; humeras, 00 ulng,

'03 and radlus, 0.3. Al "'diﬁe'i"ences
wem bhelow one per eent of the -

lengths détermined before macera-
tion, '

Rosunrs AND DIHC{'SSION

Aqe, sex, and size, Sex dxﬁer-
ences in rates of body growth were
reported by Errington (1939), Dor-
ney- and Ruosch (1953) and Olsen
(1959a). Differences in coefficients

“of variation of certain skull ‘dimen-

giong wore reported by - Sather
(1956). No sexual dimorphism of
skulls way observed when they were
arranged by assigned age, sex, size,
or the characters used in aging
fsich as rounded processes versus
This lack of
sexnal dimorphism of skulls was also

-observed by Gould and Kreeger

(1948). Many anthors have re-

ported differences in absolute size .

of the animal, males being generally
lairger. Means and ranges of long
bone dimensions of hoth ‘male and

-female” adults and subadults are

given in Table 1. Little differcnce
betwéen sexes of the two ages was
observed, but the sample iz small,
Skuli and long bone dimensions
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increase with age. Skull dimensions
are of value in separating subadults
“and’ adults  (Alexander, 1951).
Those of - malcs, age  groups five

- through twelve are shown in Figure

1

1

1
E o l—‘!—-—i
. \
-y
BoER
MATIC

ARSI TR
AGE GROUPS Bk

Foure 2.— Bkull dimensglong of male
muskrats, age groups 5 to 12. Ranges
showh by vertical- lines; broken lines
connect means; numbers of 1ndw1duals
measured are indicated.

'\i[an\r teehnignes for aging l't’llli'ak-
rats involving measurements (such
ag upper incisor width, body weight,
zygomatic width or breadth, testis
length, and penis diameter) show
an overlapping of age classes;
larger subadults falling awithin the
adult rauge
While my data are not sufficient for
evaluating the use of long bones as
age criteria, the more slowly grow.
ing elements may provide a mora re-
liable siéale for .samples colloeted
during the winter. Table 1 shows
little or no overlap between.dimen-
sions of adult and subddult innon-
inate honeg.

Skeletal growth.

mensions

Analyses of- di-
revealed similar growth

trends in males and females, -Trends .

. for males, ag revealed by a graphie
method developed by Simpgon

- ized hind Lmb {Fig. 4).

with .

(Bchofield, 1955).

Transacitons Iinois Academy of Science

(1841) and - Snydei . (1954), arc
shown in Iigure-3. The ealcanei,

. third metatarsal, and third metacar-

pal bones reach adult. size earlier.
The scapulae and innominate bones
wrow more slowly. ' |

A growth gradient occurg “in the
limbs of muskrats, With increasing
age, the distal elements (calcaneus,
metatarsals, and metacarpals} de-
cregse - in - the relative percentage

they.are of the total length of the

Iimb, while the proximal elemoents.
(fermur and humerus) increase, This
is particularly evident in the special-
Muskrats
with newly opened cyes and body
lengths of not over five inches swim
and “dive- (Johnson, 1925, p. 228;
Errington, 1939; Sather, 1953).
When. they are firsf able to use the

front feet in the diverse manipula-

tions required for building lodges,
digging tunnels, opening clams, ete.
is not known; but muoch of the re-

- newed building - activity during the

fall is eredited to the voung of the
year (Johnson, 1925; p. 269; Smith,
1938). "Young of even the slow-
growing litters are self sustaining
by the end of their first 30 days
{Brrington, 1939). A few workers, [
using hind foot lengths, have aged . J
very young muskrats. Tt seems
doubtful, because of thisz rapid ma-
turation of - the distal elements,'
whether older animals eould be sim-
ilarly aged

Fuysion. With increasing age, epi-
physeal eartilage - hecomes reditced
and epiphyscs--fit their diaphyses
more closely. Classes of ““closeness
of fit’’ were apparent; fit was either
loose and rocking. of the epiphysis
on its diaphysis evident, or firm
with little or ne rocking, indicating
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TapLE 1 ~Dimensions (in mm.) of long bones. of muskrats affe groups
) five through twelve.
S;ll:‘;'a,_t.iults * Adults
Bone ' I\"T'e.a.n- Range Mean Range
Imnominate. ... :.. Male | 73.9 | 64.582.0 (35) | 83.4 | 82.0.86.0 ()
_ I "Female:| 74.1 | 62,7-81.4 (31) | 83.9 | 82.7-86.8 (5
THUI. oo Male .| 36.9 | 32.4-41.2 (35) | 42.0 | 89.443.0 (8) .
. Female | ©37.1 | 31.0-40.7 (31) | 41.9 | 4017443 (3)
Femur............ S Male | 45.7 | 39.9-51.0 (35) | 51.2 | 48.0-53.3 (6)
 Female | 46.2 | 40.5-50.4 (81) | 51.1° | 49.9-53.1 (5)
Tibia. ... ........ L. Male | 63.5 | 55.0-60.0 (35) | 69.9 | 656-71.8 (6
o Female | 64.2 | 56.9-68.3 (31) | 70.6 | 69.273.4 (5
Caleancus. .. ©......... Male | 17.9 | 16.0-19.6 (35) | 18.8 | 18.4-19.8 (6)
© Female | 18,1 | 16,8-19.0 (31) | 18.6 | 18.2-19.1 (5)
Metatarsal 3... ... .. ... . Male 27.3 24.&28.9-53'4) 27.8 | 26.7-28.7 (6)
) ’ Female | 26.5 25.3-28.6 (30) 27.6 | 27.0-29.1 (5)
Clavicle. . .. ... e, Male | 26.5 | 23.7-20.6 (35) | 29.1 | 27.6-30.9 (6)-
R Female | 26.8 | 22.9-28.9 (31) | 30.7 | 30.2-3L.7 {5)
Beapula.. ... .. e Male 42,6 | 36.7-46.8 (33) | 46.8 | 45.848.0 (5)
' Yemale | 42.2 | 85.0-45.9 (28) | 47.9 | 47.0-49'5 (5)
Humorus: .......... s Male | 37.3 | 32.8-40.3 (35) | 40.8 | 38.6-42.4 (6)
_ : - Female |- 37.5 | 32,9440.7 (31) | 4l.4d | 40.442.8 (5) -
Radiv................. ', Male 39.9 | 33.2:42.9 (35) | 44.0 [42.9-44.9 (&)
o Female |- 39.9 | 33.942.2 (30). | 44!3 | 44:0-45.5 (5) -
Ula... e “Male | 52.1 | 44.3-56.2 (35) | 56.8 | 55.0-58.4. (&)
: - Female | 52.4 | 44.1-55.8 (29) | 57.0 ! 55.6-58.9 (5)
Metaearpal 3. ... . ... .. Male 10.4 __9.9-11‘9,535) 10.8 | 10.3-11.8 (63,
‘Fomale | 10.4 | 10,1-11.9'(28) | 10.8 | 10.5-11.6 {5)

a more advanced _dev‘empmcn’r The
extent of the grooves or “‘epiphyseal
lines” wmaiking & point of Fusion
also indicate the receney of the fu-
ston; late fusion being represented
by “deep or. sharply defined Iines,
Epiphyses were ranked according

te the number unfused in cach age’

group and. the appearande of " the
junetion (epiphyseal lines and eldse-
‘ness of fit criteria). The arrange-
ment closely - pardllels the sequénce

of fusion in the. albmo ral (Daw-
son, 1925) and the guinea pig
(/11(51;, 1938} ds shown iu Table 2,
This method, although inadequate
for determmmg an’ exact bpquem*
dld reveal trends:

HEleven osteologically mature" 'a,:m:—
mals were- examined and ‘all lacked
union in distal epiphyses ol the rad-
“iug, ulna and femur, and proximal

. cpipbyses of the huincrus and tibia.

‘Fusion of the epiphyses in the albino
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THIRD METATARSAL L.l
CALCANEUS LENGTH
“THIRD METACARPAL L.{
SKULL LENGTH L

ZYGOMATIC WIDTH |
HUMERUS LENGTH |
ULNA LENGTH -
CLAVICLE LENGTH

TIBIA LENGTH- |

AGE GROUPS Il B 12

RADIUS LENGTH I
FEMUR LENGTH -
SCAPULA LENGTH  F
INNOMINATE BONE. L. |
iLluM_ LENGTH Tt

T0 - Fh a0 85 j:1e] 85 10
: PERCENT ADULY SIZE

Forre 3. —Percentage of adult size reached by subadult male muskrdts. The
straight vertical line or 100 per cent coordinate represents mean values of adult
dimensions. The points to either sids represent mean values of subadult dimensions
expressed as percentages of their corresponding adult mean values. Distance be-
tween a point and the 100 per cent llne represents the percentage of adulit sizc
attained. .
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~FICURE £, -—Age changes in Jimb proportions of male muskrats. Horizontal

: sca]e represents age groups; vertical scale represents percentage that hone lengihs

are of their respective 1imb lengths. Broken lines connect means for each age
group.. Limb “lengths” are sums of bone lengths: femur, tibia, and metatarsal,
the hing limb; humerus, ladlo ulna average, and metacarpal, the fore Hmb.
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TAELE 2.——_Sequence of epiphygeal union in three rodents,

Atbino Rat
(aftor Davwson, 1920}

Diat. Humeris

Prox. Ragding

Diat. Tibia

1ist. Fibula

: Herl Epicondyle, Hum,
(')lr!.c_ra.nml_; :

Head, _Ft‘,ml.ll' .

Greater Troshanter

Thst. Femur

Prox. Tibia

Prox. Fibula
Dist. Rladius
Dist. Ulne -

Head, Humerna

!
]
i

Guinea Pig

(alter Zuck, 1938)

Muskratt

Dist, Humerus

Pelvis, Primary
Ilements

Head, Femur

Dist. Tibia

Prox.. Radius
Clalcanens
Head, Humerus

Metuourpal 3

“Metatarsal 3
" Dist. Fernur
1. Digt. Fibula

Oleerunon

Asremion Proe.
Prox. Tihia

Dist. Radius

Dist. Ulna

) Prox;l Fihula

J

| Dist. Humierus.

Prox. Radius

Coracaid Prot.

Lesser Trochanier
Med. Epicondyle;, Hum.

Metyearpal 3

: Peivié;- Primary

Elomonts

) Dist. Tibia

Acromion Proc.

Caleanens!

| Head, Ferourt

Creator Trochantor.

Metatarsal 3

"Dist, Fihula,

Olecranon

Dist. Femur
Prox, Tibia
Prox. Fibu[z_l_. .
Dist. Ra(iiusl

| Dist, Ulnal

Head, Humerus

' A tenfative sequence as explained in text. Hequence: of adJacent epiphyses Slmllrlﬂ}’

marked could not be determined.

rat oceurs during two age pcrio_ds;

from birth to the end of the filth

month, and from the thirtieth month
- to senility (Dawson, 1925). Sinee
a similar state’ may exist in musk-
. rats, a tentative order, ufilizing

closeness of fit data, was: worked

out. The distal epiphysis of the fe-
mnr and proximal épiphvsis of the
tibia were weakly -fused in one.age
group twelve .skeleton, While. d1— '
aphyscal surfaces of these epiphyses -

are different in contour and. shape,

24% 0f the slxeletons had: loosely
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fitting femoral’ epiphys_es and 69%
had loosely fitting tibial epiphyses
indicating an edrlier fusion for the

" femur. The distal epiphyses of the

radius and ulna-fit their- diaphyses
closely in many specimens of several
age groups. The head or proximal
epiphysis of the humerus, the last
to- fuse in many mammals,. Stted
loosely in over 3% of the skeletons
examined.

Rate of fusion may vary but the
sequence-of epiphyseal union is al-
ways the same in the human (Ste-
venson, 1924) and in the albino rat
{Dawson, 1925). Correlated evi-
dence sugpests that the orderliness
also characterizes normal muskrat
fosion. But a few skeletons (the
same skeletons which did not fit
their respeetive ape groups with re-
gard to the number of epiphyses
fused) exhibited a curiously irreg-
ular sequence. In addition to the
cepiphyses remaining unfused in all
specimens, cach of the following
remained ag the only unfused epiph-
yuig: head of femur, acromion,
oregter L ochanter digtal ﬁbl‘l]d, and
- oleeranon.

Age limits for f‘l.'l‘il()!fl of the dlatal'

epiphyses of rading and ulna in fox
squirvels (Scéuwrus niger) raized in
captivity are 54 weeks for maley and
50 ‘weeks Tfor females {Carson,
1961},
time of - fusion for varions muskrat
epiphyses Imay also exigt but mne
difference in order or sequence was
observed.
© . Flaim (1956, p. 20} stated that
the proximal end of the fibuls artic-
wates with the.perorieal process of
the tibia, but I found that the proe-
- .ess actually originates on the proxi-

SBex differences in age at’
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mal epiphysis of the fibula which
may or may net fuse with the ad-
jacent® tibial epiphysis; being un-
fused in 29 animals of all age

groups, fused in 10 arimals of age

groups eight, nine, eleven' and
twelve, and weakly fused in 40 ani-

mals of age groups five through

twelve., Similarly, fusion hetween
distal epiphyses of both bones may
also occur, even . before they are
united with ‘their respective diaph-
yses,

A eotylmd or aeetabular boné was

found in three immature skeletons - .

(those of age group four and one of
age group five). Wusion between the
ramus of the pubis.and the ramus
of the ischium oceurs after the fn-
sion at the acetabulum. The innom-
inate bone enlarges along the pos-
terior borders of the ischinm and
the pubis as well as at the iliac
erest long after union of most epiph-
yses. Similarly, prolonged growth

-ocenrs along the lateral erest or

third trochanter of the femur and
the deltoid tuberosity of the humor-
us. The scapula enlarges along the
vertebral border.

Proportions. Proportions of var-
ious long hones chahge with increas-
ing age. This wag most notable in
bones with areas of retarded fusion
(Fig. 5). Huzxley (1932, p. 40) re-
ferred to this lack of fusion in mi-
crotinae and the resultant slow

growth throngh adult life. Because -
‘epiphyses fit diaphyses so-closely in

mature muskrats, cartilage, if at all
present during life, must be dimin-
utive. Data from known age speei-

mens wonld be necesgsary for further

analysis of adult growth patterns.
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FIGURE b.-—Retarded fusion and re-
lated bone growth in bones of (from left
to right} two group four immatures, a
group =even subadult, and a .group
twelve adilt. Hatching -indicates un-
fused =areas. Lateral aspect of ulna,
medial aspect of tibia, and extensor
surfaces of femur, humerug, and radios
are shown (abont 3% natural size).

‘served in certain epiphyses.

- 251
~ SUMMARY
muskrat

Seventy-nine skeletons

Wwere separa’red into hine relative

age groups by skull development

~and first upper molar extrusion,

Fourteen linear measurements were
taken.from major long hones of each
skeleton. Means of the dimensions
gathered for each-age group were
used in estimating erowth trends.
The more speecialized distal elements

of the limbs approach adult size .

earlicr than the proximai elements.
The possible use of dimensions of
the innominaie bone in age defer-
mination is wortli meore investiga-
tiom, _

The sequence of epiphyseal union -
in the muskrat closely parallels that
of the albino rat and the gninea pig.
A lack of union in otherwise osteo- .
logically mature skelctons was oh-
This
retarded fusion has a marked effect
on growth and propm‘tlons of deor
Iong hones,

ACKNOWLEDGMENTS

I wish to extend yincére apprecis-
tion to Dr. Robert D. Weigel and
Dr. Andreas A, Paloumpis for ad-
vice given during the course of this
study; to Dr. Dale E. Birkenholz
for reviewing this manuseript; and
to Dr, Milton W. Weller and the late
Dr. Paul L. Errington-of the Iowa
State Umver’mty of Beience and
Technology for the lca,n of skulls
of known age,

Lirezature Crrmn
ALAXAVNER, MavricE M, 1951, * The aging
of winskrats on the Montezuma Na-
tlonal Wildlife Retfuge. J. Wildl
Mgmt, 15{2):17b-186, ’




O HusTey, JULIARK 8.

252 Transactions flinods Academy of Solence

ALEXANDIR, Matricr M. 1960, Dentition

ag an aid i understanding age ecom-

pogition of muskrat populations., J.
Maminal, 41(2): 336-342,

ARBON, Jamms D, 1961,  lipiphysea]
cartilage as an age indicator in fox
and gray sguirrels. J. Wildl. Mgmt.
26 (1) 90-93. . -

DA“’SON ATDER B 1925, The age order
of epiphyseal union in the Iohg hones
of the albing rat. Anat. Record. 41:
i-17.

Dorwey, Roserr 8., and ALAV J. BugcH.
1953, Muskrat growth and litter pro-
duction., Wis, Cons, Dept. Tech. Wildl,
Bul. No. 8. PR Project 15-R. 32 pp.

ErpEr, WrisM H. and C. E. SHAFES.

_ 1962, Age changes In tooth wear and
morphology of the baewlum In musk-
rate. . J. Mammal. 43(2):144-150.

KErRINGTON, PATL L. 1833, Obsetvations
on young muskrats in Iowa. J.- Mam-
mal, 20(4):465-478,

FEATM, FRANCIS RICHARD. 18958, The
-ogteclogy and myology of the pelvic
and pectoral girdles and appendages
of the mammalian .genws Ondotra,
{Muskrat), with comparative notes en
Neotomae (Wood tat). Ph, D. Thesis,
Btanford Univ. (L.C. ¢ard No. Mic B6-
2812)° 320 pp. Univ, Microfilms, Ann
Arbor, Mich,

1713,

GATIRFATI, EnwIn €. 1954. Growth and
development of feeil in the muskrat.
Trans, Kansds Acad., Sci,

241, .
GorLn, Hamiey N. and Frorrmer B.
Kreicer, 1948, The skull of. the

Louigiana muskrat (Ondaire zibethi-

cius rizalicia) I. The skill in advanced

cage. J. Mammal, 29(2):138-149,
Hixtow, Maztin A, €. 1924, Monograph

of the Voles and Lemmings {#icro- -

tinge) Tiving and lixtinet. Tondon,
British Musenm Nat. Higt. Vol. 1, xvi
—+ 438 wp., 15 pis,

Horrmerster, Donatp F,, and Carrn .
Momk. 1857. Fieldbook of Illinois
Mammals., Iilinciz Nat. Hist. Survey
Manual 4, xi 4+ 232 pp.

1932. Problems of

Relgiive Growtih, London, Méthuen
Co., xix - 276 pm i

JoHngoW, (HARLEY E. 1926, The. musk-
rat in New York: itg natural history
and economics. Roosevelt Wild Life
Bull, 2¢2):205-320,

(Dissertation Ahstr, 16;.

B7{2):238

Lmrr\rra, Homm B. and Ray B. RiLey.
1934. Measurements of the skull and
of some of the lotig bones of the musk-
rat (Ondglre zibethicus cinnamomi-
Aus). J. Morphol. 56:203-212, ;

MuLrer, Grrirarp, 1952-42. Beitrige zur

. anatomie der bhisamratte (Ondetre
zibethica}, I Binflihrung, skelett und
literatur. Halle-Wittenberg. Martin-
Lather-Univ, Wigs, Z. Math. Natur-
wiss, Reihe Nr. 6:817-8G5.

OLsEN, Perer F. 195%a. Muskrat breed-

“ing -hiology at Delta, Manitoba. J.
-Wildl. Mgmt. 23(1):40-63. '

.OT8EK, Prrem P.o- 1959D, Dental patterns

a8 age indieators In muskrats. J.
Witdl, Mgmt. 23(2):228-231. _
OLson, Bverrrr ¢, and Rosprr L. MILLER.
1958. Morphological Integration. Chi-
GAgO, Umv Chicago Press, xv + 317

po. | :

Sarugg, J. Hengy. . 1954, The dentition
method of aging muskrats. Chicago
Acad. 8ci., Nat. Hist. Mise, 130, 3 pp. -

SarHgERr, J, Hewky., 19566, Skull dimen-
sions of the great plains muskrat,
Ondatre zibethicus cinnomominus, J.
Mammal. 37(4):501-6085,

Saramm, J. Hrwrz. 1958, . Biology of the
great - plaing mugkrat in Nebraske.
Wildl. Soc., Wildl. Mono, No., 2, 35 pp.

Scmorietn, Ravronn D, 1355, Amnalysis
of muskrat age determination methods
and their applieation in Michigan. J.
Wildl. Mamt., 13(4) (463-466.

SivrgoeN, (Geosys Gavionrn, 1941, Large
pleistocene felines of North America.
Amer.-Mus, Nat. Hist. Nowtatea Na.
1136, 27 pp.

SmirH, Fraxk R. ]338-. Mugkrat in-
vestigations in Dorehester County, Md,
1930-34, U. 8. Dept. of Agri. Cire. No..
474, 24 pp. )

SwyYDER, Naws P, 1954, Skull variation
in the meadow vole {Microtus pn. penn-
sylvgnicus) in Pennsylvania. Ann. Car-
negie Museum. 33 art. 13:201-234.

Srovmwvsow, P H. 1924, Age arder of
epiphyzeal mnion in man. Am. J. Phys.

- Anthropel. T:53-92.

Zvor, Taeonone 1. 1938, Age order of
epiphyseal union in the guinea pig.

~Anat, Reeord. 70:389-389.

Monuscript received Jonuwary 271, 1964




