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Investigatinng of wvariocus s ocies of bibernating

selurlds sueh as the vork of Yells (1938) with giteilus
tridecealinentus, of Shaw (1926a) with Citellus solumblonus,

and of ivana and Holdeareld {(19843) »1th {itellus beechevi

indicates the onsed of sexusl meburlity safter the (irat perind

sy Longhurst (1944)

Fon

g
0
&
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af hibarnostlion, le8e, us yosriings. &
in the pralrie-dog, Uynomys zuanlsoni, in Colorade, finds
thet subadults {(yearlings) pradues axmaller 1itters then ao
adults, =nd thal only one out of 0 afdult fonsles but eish
out of 20 vesrling females L8llied to produce young, iHamilton
{1854) cites similar evidencs fnr woodchuoks, Xsrmobs monax:
one of 44 adull snd thirtryr-two of 43 subadult femnles failsd
te produse young andy, of forty-Dive subsadult swies, only 15
had snlsrged btestese In four of the 15 subadults wers the
testss descendsd inkts the acrobum whille in four of 383 adults

the testss woarse nelihar enlarged nor had thev deseosnded into

the aerobidle

Im tho epriag of 1942 two senior studasnbs working
under the directlon of Tre Fo Lie Fright nof [dontsne Stste
iniversity golleotsd 10T or mors Jalwablen ground sculrrels,

Gitellus coluablanuge #lthough thev 414 not atudy the problem

£11 referonces vhich ere Iincluded In the body of this
thegls eondaln the nsme of the suthor ﬁﬂﬁ the date of publle
entione Completed referenegs have besn slaesd in zlohab-tisel
mnﬁ eﬁ?aﬁ 19;1@@1 order st the end of tha thaaise
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intenslively, it wes spparent during the breeding sesson iwhﬁch
beging shortly sfter the sdult feunlss have sppesrad from
hiternastion snd contimmes sctlively for a periloed of about

three weoks (Shawy 1984)) that Iin many s&asll males and
femeles the rerroductive orgsns wore sas 11 In ecmoarizon to
those of the largsy snianliss From 1847 bo 18485 Dwe wricht
eollected nearly 300 ground squirrels and preserved &helr
reproductive orpgans, in Jemuery 1946 I becume Iinterestsd in

tha problos and during 1846 and 1%47 eollectsed 185 specliasns
of Litellus columblomige

This paper hos Leen an attempt, based uwpon the study
of hearly 500 animals eclleoted by Dre siright and myself {1}
to work out eriterlis for determining the age of snlmals
taiten in the field, (2) to describe ths reprodustive oyale
of the maeles, and (3) to dstermine the degree of sexual

meturlty sttelined by the vearlines and Juveniles.

i should like o express my grabtituds o Ime Pe Le
Yright for his sssistance snd suggestlons and for asking
avallebls his meterisls and dstag to segry As. Imith for her
assistancs in eslleeting nnd preseving the matorinls for

atudy; snd to ¥rs. Gordon Le Crotls for helpfml suggpestlons.
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sgeovrdling o Yoore et al {1934} the thiriesn-linaed

ground agulivrel (Sitsllus fridecemlinestus! swerzes from

s w3

hivernation sround the Llrat af aperill, the wsles abont bsn

o fanslege. Thage puthsre alose ndiasts £heb
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the {amaleas oo
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# into hast ahortly alter srriving above
ground snd thelr one estrous ayale may last for ssverel

woska 1f eonltus doess nob pecure That the ground agulrrasls
sre soxunlly insobtive from July te Decomber 1s shown by

Cooo {(1947) smd by doors ot 2l (1834)s Doen {13542} Indlontes
trevs 1 but a alingle sstrous oyols and Alvides this into
four periodad anestrm, prosstrum, estrus {sooulstion ocoura
during this perlod or soon sfferl, snd metesbrizme The ground
gsauirrel has a duplex uterus a2nd Suring the snestrous period
the yvsgpinal oriiies 13 ¢losed by g cutansouvs menbrane {isils
and Overholaer,; 1940CJle Five to thirtesn young {(Howeil, 1008)
are porn, after s geastation period of sbout 28 davs, from
mid-day to the irat of Juns {Wsda, 1927 snd Hoors et =1,
1934} During the postepartum period the reprodustivs trveot
undergoss conslderabls Inwvelution slibough the overies
Inerense in slize Jduring the {our to »2ix wesks of lazotetion
{¥oore et al, 1934}s Urickaon (1940} deseribss the voung

squirrels at blrih ss belng =ithout hslr or teeth, with red
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bodies and propovilonectely lsvgs hesdsd thoy wolgh Je& grame
sath sl measurs £o5 to 3.0 ome In lonzilhe. Thaet thelr sometle
growth in espblviby la rapid Is shown by Slaaons {10483,

They incresse In welght from 3 guse. st Dirth bo 160 gus. ab

TC days of agse Irickaon (1%42) Indlecaten fat eon the Oth
day an appreaciable sacsunt of fine halr exn 26 soen, ths
inslsurs wezln to show on the 14th day, the orifiss o the
guy nad Lformed by tha 1l4ath days on the Z4th day the eyen are
opan and & few daya atber iols the degs ave sirang soough %o

Fd

gupsoart the tody welghts Hoore et al {1824) show thab efter
goasning the ovariss and all secessories of the adult fomsles
regress Lo a low point snd are ssaentlislly ineetive durling

istive

the sumaer and folle Arocund Jammary 1 the reprod
treet stertes developing snd in the spring the sldsr femslen

gnerge in s more advanged gexnsl atsbe than é the weorllingse.

4% the tlme of smergenes from hibernstlon the aduld
asmles are Iln full treeding condition while It is highly
orobable that young sadulis sre the laat ones to attelin
maxiaanl soxual develoument (Vells,; 1l955)e At the end of
hibernstion the acrocta are dark, become even darier during
%aye und then pale untll no pilgmentstion remsing when bhe
animsls return to hibernstion 1 Ootoboer {(¥inkel, 1945),
#ells {1935} mays that the pigmentetion of the =merstsl akin

ahnws & aczsonsl rhythmy alnllsr to thet of other szscondsry



sex characlers.

The genitel traet of the amuls Lo fridssemlinestus Is

more oloborate thso thet of the gray sgulirrels (Seluruvs

cerolinensisg! amdl of chipmunka {Iamlss atristus) end one

©f 1ts most striking features iz thoe enormous tulbsy lsnd
whicoh, In an 214 soexually aetive sdult often meagures 20 e
from end bo snd and B omme in dlmmeter {VYosamsn ob al, 1855},
The traet has large seminel vesieles, a bLrosd smsoulsr
ureihrz vhich has a seriss of aboud 13 palrs of velve-like
folds in 1%s lining, and s large mesorehlus In shich s
ecnaiderable maount of fat iz depnalited Lefore hibernstlione

Gthor sonroximets mecpuresoents, Desidss thoese of the dbay

L2

plnnd, as indleated Ty Yossasn et al (l03V), are glven in

Teble ie
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A N ;{

T Wi ;
z‘gm i

YA

pulbar Testis Seminel Prostote Musoulsr Panis
gland voaslcle arethra plus

#iath g8 a ¥ 15 &
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“ellas {1933) savs that body welghts in this apsoies
canmot Le uitllized ns o griterion for distlingulshing laasture
gntasls frou sdults sfter the woung have becoms 4 or &
aonths old, but the resroductive glands offsr s rellable
eanplex of oriterisn for age deteralnstlion ss late as Februwy
since the genltel svaten of woung unlss develoy more slowly

than thogse of adulits. He elss finds thst khe peal In the

ps

fanatlion of the resroductive svyales 1s rasche? by wnst ssles
in elther late April or esrly daye He obzerwvaed that the
entire asle reproductive tract begins to regress by Juns,
becones coupletely Involuted by July or August and is
gulescent until Dacexber vhen 1t sgaln starts to develop.
Sperantogos appear in the seminiferous tubules In Jemuory
or Februarye. The nccessory orgena lag behind the testes
both 1n Lthelr sugusentatlon and in thelr finvolution. He
Indleatas thet young wsles show a lug of froa € to & woeks
in the developuent of szpermetogos und In the devalopment of

tnslr socessoriess

Humeroua sxperlaental studles have Leen mnde unon

L. tridecemlineatus in order to determline and snalyze the

factors wbleh operate %o produce the sexual psriodicity in
both the mule and femsle of the asjpecles. Fells (1938) Telt

that unllstersl castration produced no observable effectas on



scceasnury organs =nt 1t falled to sffect apermestogenesis,
gslgnificnntly, within vertods us to 39 davas., He slso atows
that the whole genltsl tract of the msles la 1labile end ern
be atluuleted to s funetionel bresding condlition, by admin-
iatrstion of gonsdotrophlie substancez during the perlod of
low asxusl activity., Iiz resulls demonstrate that the
sntarior pltulisry shows s aensonal verlation in 1ts
gonsdotrophio pobtentlicslity. ¥ells {(1838) gavs the size of
tne btestes 12 2 rellable index to the hormonsil condltien of
tastesz anl sacsssories,. Thaet raw pregnsncy urine, antulirin-
3, bull testes extraseit, =2nd pregnant @mere szerus will producs
o vary gr2at respgonze by the secessory orgens Is ahown by
“alls and doore {(1936). They alaso found that unilsteral
gastration sroduced soune hypsrirophy In the remsining teatis.
Hrasohyseotony serforaed on smirrels during the brecding
sgnaon osuses both the testes and ncecessaoriea to regrass
and shen it was perforzed Suring the ssperasatis period the
rexroduative orzusns and gecoasorlies slled to undergo
rengwod davelopment gt the tlne when normsl controls vere
showing reproductive activity (Wells snd Gomer, 1837},
Gells and Leleasky (1940} prevented the sesannkl regresslion

of tre resrsductive opgnng by msintsining . iridecexnllinestus

whieh wara In treeding condlition at o sonstant teupsrsture

of 4 degress Centigrsde, but vhen the low bempersture



treatments were sbarted during the sapsrmeatis perisd no
more then o slizhit hastening In the time of sppesvance of
sreruatoros in some sxperimentsl snlmals wss csusneds
ipparentliys nelther lizht nor btewersture hoes mooh affect
npon the rate or time of developnent of ths resrodustive

tract of Lo trideceniinestus, as “ells {(1535) found that

neither Incresaed light peorleds, constan®t o0ld tesmporabare,
nor constend darkness sroduced sbnerveble effsets upon
anlzasls durlng the perioed when the gonads were sbdomingl

and ths aseoosasories none-functisnels
Sther ralated geners snd spscios

in ooxperison with the work done upon Ce Iridesenline
eolus, 1lttle has been done wson @ﬁhﬁ? clonely related
avecless Hamilton (1934) situdied the rulfescent woodchuek
{(Zaracts rufescens} in the esab. He stnutes thsat the alvicks
have Leen obzserved in the »1ld stabe as ssprly in the vesy
8 February Pl snd ag lste sz Hovember 15. Sose of the
subadults {yscrilngs} breed, The pgestation period 1la
aspproximmtely BB dayse. The sversge nuaber of voungs a8
derived (rom esbryo counts In 31 gravid femwlen, 18 407
The young are born from the firat wesk Inm pril up to the
middle of daye There 1s & possibllity that woodolncks have

asvaral sslrous ¢ycles In the zpring of sueh vssre The



lurveser, oldsr snlmels mete sspliler thon do the vyunger onede

Avans snd Zoldeareld (19437 worked with the Baschey
ground squlireel (Lo beegheri) in Callifornls and found thaet
thie Dreozding sesson begins In Yebrmuary snd ends sround the
middle of Aprile Heduetisn In alze of taztes woy firszt noted
in <oy und, e Junez thevy had reseded Iinte the zbhxlomens In
nid=Cotober sone sdult mcles ghowaed Sestionlsr enlersement,
and by tha end of ovesber the testes hed degoended in
elanat every nolee They reuslined leargs throus ovk the
winter snd gsringe. These anlanls have o geststlon cariod

b 30 dorre  Yosbt of Lhs young ore torn

%

Ly bthe 2iddle aof fpril Litters asvernge CeF vounge The woung

enn be diastingulshed froam the «dults by selght vntll the mide
Ale of suguste There 1z a2 eorlod of dormeney sasng sone of

Bre adulld anlisvias

Thne sreirvie dog {(Craomys leuocwws) 1s sexuqlly sotive

at the age of one veure The arilng sesson extsnds fron the
and of Mawveh ints April and = repid reduetion in taatis

size takes plses in Aprll. The geatsiion serled Ia 82 $o
S dayse Thoe iitter glze vardes Ifron & Lo 10 with = =ean of

Ged (3tookard, 1352%)e

Desnoaly and Parkes (1933) fndleats that the fennle

groy squlirrel {Selurus garelinensis) in England doss not
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aresed wntil 1t iy nearly o vear olde Trmon 1ltters 2 vesy,

oné in ithe soring and onsgs In the sumer,; =zwy Le prodosed Uy
s single fensles The avernge zize of the Litters ia asbout
Bebie alter bt seeond litter, asnestres sets fn and contlinues
throughout the wintere 4Allsnson {1933) says that =11 woung
male 3. Sarolinensis from the previous yesr reech puberty by
the baglinnliag of 4prile Zhe indlicstes thet meles »ith Mlly
Lurotionel testes maey be found throughoul the yesar bt 1t is
poszible that Indlevidusl meles 40 nol remaln continuously in

renroductive sotlivitye

e 5

The Jolumblen “round Soulirrel
{(Gitellus eolumblisnua)

sesording to Shsw (19885a)s the time of emergsnce from
hivernstlon of the OColumbien ground squirrels in the reglon
al sullman, fSashingtony 1g rathsr constent, scourcing sbout
#areh 1 to l8e He indlcates that the edult asles sre the
lsst to go into hibernation in isile sumer and ths Iirst to
esone out in the apringy =1th the sdult femsles, woung males,
and young females followlng in that order, very shortly
eftar the femwlos sasrpge from hibernetlon, the bresding
sgsaon begineg - - c-ontlinues retlvely for z pariod of asbout
three weeks {(he . 1704}, He indlentes {19854) meversl

eztrous oyelss duri.y » 8inpgle brecding verlode, The time
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of the breeding seesson depends primserily uvpon the elevntion
{shawy 1804)e Hoore {(1U37] supooris this ¢hen he seys thnat
thers 13 a Jelay of one day for ench 100 foet risge 1y
elevatlion in the {irst appesrance of woung Ooluxbisn ground
sguirrels from the burrowe fls studlies Inelude dnbs from
Lewiston, ldsho, and from Holese snd Mhlllipsiurg, Sonbana,
That breading takes placs later on north slopss thsn on
souath slopes is brought out by dhaw {(1805el, »hio alseo

{19284) reports a geatetion poriod of D4 davyse Tre svsrave
litter aize as dsterained by esitryo etounts by Shaw (1084}
was $e08p while thet ziven by Howell {1938} wog 3eBe A
ainsle l1itter sar ?@ﬁ?vlﬁ Qﬁﬁéuaﬁﬁa The new born voung ars
nakedy Blind, amndd toothlesz but by the time they are 17 days
of age thelr eves sre bezinning Lo apen snd Ly 28 days they
are rasdy to ahift for themselves {(Shew, 1218)s Shew {1006d4)
gives the Ltlme of =zguesrsnes of the Inecisore se 14 dnvg and
they ave eomplotely erupted by 19 davse From 21 teo 23 dsvs
davas alter DIirth the eves opone The reproductive orgens of
the gsarous femnles sturt to delins after parturition snd st
estivation ithe uterline borns sre "mers hloodless tubular

threads” {shaw, 1950)e

Shaw (1956} desoribss the tostes of .11 melss of

this specles ag being at maxlmun aslge, sorotsl, and songested
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with Blood npom this emsrgence of the anlzmele Lrom hibernations
after the brseding sesson the reprsduetive organs beglin =
rapid deoeline in sige snd scbivibty snd are at the minimumm

by the time of eativation in late July snd early sugust.
Shortly alter the sbtort of sativetion, the reproduetive organs

of vobth males and Toasles begin to develope

Dbservations which I have mede in the zraa sround
Hiszouls, ﬁgﬁt&ﬁ&, have indlested thet Colunblisn ground
squirrels emerge {rom hivernastion during the lstier part of
Hayroh snd the £irst part of fpril, They apnesy to e most
soetive from April 1 to 168, Probebly moat of the breeding
takes place durliag thls tlase Farturition osours sround
May les Young snlasls ere sbout 30 days old vhen they {irat
make their appesrance sbove grounds Lstivation {sumaer
hibernation), which merges into true hibsrnstion without an
Intervening period of sctivity, largely occurs the latter
rart of July slthough, at hlgher slevations, szoue sninals
ressin active until almost the middle of sugust,



HATERLALE £HD
Daseription of syens In whieh collesilions sers made

The loestions in wvhisch collsctions were made ten be
divided Infto two general arens, laees; the Cold Uracle sres

and the Missouls ares., Dobth are In ¥igssula aountve

The Onld Oreskt arves 1s 1n s mountain welley aboud
29 milez north of Hissouls, Hentans, The slevation 1z
aoproxinately 4500 feet, The walley lies nesrly In e
northarly sad southarly direstion. Oolleostions sere mede in
S 1% To 14 Hey He L7 Ve and So 1, Te 14 Hoy Re 16 Ve
Throaugh the valler flows 0ol Craslty 2 gurll mountaln stresme
tenerally, snow starts Lo seswmilate by the middle of Oetober
or the firset of Novesber and remning until soms time thse
Tollowing 4Aprils The sidneg of the vzlley are heavily woaoded
but the walley fMoor is lorgsly moadow land In shieh timothy
{fhleun 8pe) is sbundant, 4 farm, owned by ¥re Fo Yott, is
located about one-hwlf mile upstireza from ths mein ridpese,.
Ceta and timothy hay are the selin orops, umesrous squirrels
were teken from the oultivatesd flelda and {rom & goslure
which almost surrounds the house. They were zlzo solloobed
on & meadow near the bridgee The s0il 1s msinly szndy loam,
Q8 the total anlaels sollectedy GO were from the Jold Creek

BYTE8 ¢
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The “igamoule sres eonsists of sevarsl portse The
glevation in each Instence ig approximstely 38500 Tsets 48
nenrly s5 eould bhes deterclianed, c¢limstie condliions wors

a2lgllar througnout the dlsaocula aren during 1840 and 1547,

Since alnor varlstions exist Detwssn the parts, esch part

will be diszcvased Individusilye

G'Brien Creek canvon 1s In the mountsing on the west
side o1 the wltterroot rviver. The canvon is abount 10 mlles
rom +lssoulee Collections were lesrgely mede in 3¢ 20 and
“9y Te 13 Hep Re 20 Ve In this ares the csnvon is a0, rox-
imately one-half mile wide. Heariwy all of the level ground
was Cegerted Iarm land In 1946 Hueh of 1t is nnw being
foraeds The north fescing slope of the cenvon is heasvily
wooded whersss ocomparatively few trses are found on the
sloses that faee znuthe O'orien CUreek ia s saall acuntein
stresms it contalned no water durlng laste suuner of L94Ge
Tize soil In the ares Is malnly sendy-lname Tyses of
vegetation on e flcor of the panyon conslisted lurrely of

Browus begtorum, LRrosTron Bpe, £nd Fos Spe and on the

lesa wooded slopes Hromus teetorus snd Agrouwron Spe
spoesred to doninantas Sgulrrels were gollected on the
canyon Lloor and on tre lesas »onded alopess Dens vere Lound

in 8ll gsarts of the aren., 3ome were within & o 10 fast of



the ersok channele

Jquirrels were also esllected in s pssture In Se¢ 7y

Te 17 Hep He ¥ Yep loested sbout 7 miles soulbh of “lissoule,
on the eust side of the Bitterrcot viver. The ground is
level and of s sandy composition. Vegebation conaists
larpely of Poe 8ue ¢ garden, loested sbout 200 feet froa
the snature, suffered considerubtile Jdsampe from the souirrels
slthough no dens were found between the gerdsn and ssstuve.

A elow moving stresm flows along the west end ol the prature.
Yagststion rexnined creen {or sevsral wseks siter the
gsyuirrels had estlvated. This sntlire asres wss covarad

with sater durlng ths psrlod In 1947 when ths bBltterrcot

river overflowed ilita bsnika. Ho zquirrels have been seen

In the syren since that tinee

# third district, included in the dissouls ares, 18
nesr LVarsc, sombanse #oat of the collecilions were mede in

¥

saaturs land snd low Rillls In 3¢ Z4, Te 15 Hep e 20 Vieyp
and Je 1Yy To 15 Hep Re 1% e whieh lles enst of rvaroe

The aoll is sandye The vepetsatliony consisting largely of
ihlewn ape (Timothr), snd white elover, appesred to bDe
glosely grazed thraushont the sresne Low shrubs eppasred to
e the dominont $y.e of vegebt-tion on the hillse The

sube-story was largely dromig ftectorume. Dens were found
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throughout the srea,.

A feow snlizasls were colliected in other aress thsn
those mentloned, but ssch sres was within 50 miles of
#1lssouls and the sesnvironmentsl conditlions were similmr to
those of the dissouls srsae Consegquently these snimsls have

besn included with those of this ares.

Slope of ground sppasrently hss 1little influence upon
trne locstion of dens, sa thery were found on all slooes up
to st lesst 45 degresa. The tvoe of s0ll sand the denaity
of timber, however, sesm Lo have a definite influence s
no dens were found Iin extremely rocky or hesvy clar soll.
The malority of the dens were 1in aress where the s0ll wes
ssndy and there was no dense btlaber. 4 few anlzmals were
obgerved in s brushy, ocut-over sres nesr the Universit-w
Blologlieal Stetion on the east shore of Flathead Lake.

Snaw (1924} specifies ths depth, taxture snd dreinspe of

thie s0il as balng srobably the aost loportant {sotors in
deteralning the location of & den and vejoris that the
guuirrels seen ton avold stiff olsy hlll-tops and low flats,.
I nave found dens in closa proxlinlty {within €-10 feet} to
gater and also In sress vhors the snlmels could not poasibly
nnve niad peeszs to surface wnter. The sqguirrels asoorently

sre able Lo obisain thalr water Ifrom the vegstatlon they est
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gnd & dirsct source s not necessary. Although ne astomsch
gnnlvses were andsg, 1t wngs observad that by far the aost

fno? consumed was green vegstastion and even anluels oollectsd
in late ¥areh snd early sorll were sppsrently subsisting on

such food. Shaw (1%18) indlicstes that C. colnsblenua is

one of the most vezelariaan of s8ll the ground sguirrels and,

froa the tlne of susrgeuce [from hibsrnatlon, lives largely

ol

ivon green sudctulent vegetatlion. Fhen thls begins to ripen

)

the snlials utllizes thes seed sroduocts of gralin snd plants,

&3 may be sesn by Filgure 1, tha temperstures sversged
balow nornal during the months froa Hay through Aumast of
1840, Flgurs £ shows the smount of praciplistion during
the same ssricd Lo be Lelow norasl with the execeptlion of
duly when 1t was gbove. Flgure 1 asnd Fleoure £ sare plotted
From dsts foraulated by the Feather Buresu, U.3%. Depnrisent

of sgriculture,
#aterials

Four hundred snd ninsty-three pround squlirrels wers
esxllsoted Aurling the period from 1847 to 1447, Of these
5% wsre males and ¥H4 were Lewsleg, s sex ratio of E£l1.5
sercent feussles Lo 4l,l percent mnles. Ho «ffort sas sude

to Le szelectlvs o ams<ing the ecllesetlions. The gex rstlo
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obboined dilfers considsrably from thet found br Shew (1924)

b

n whigh, of 20 soulirvels, 80 pevesnt wore Uwmelsg and 40
soreent meles, and from that of Foster {(1911! in zhich, of
548 equirrels exsminsd, 8% pergent were femnles snd 31 pere
esnt wales. Shew’s mumbars; however, srs ino awell to be

of raesl valuds

The body welghta, resroduetive ovgans and s few shulls
wire avallsivls from ths 300 sguirrels colliscted by e Tright
Irom 1542 o 1uw4d, and much of Ihils mesterisl snd dste hag
boen included in thils theslse 3ines I wes interested in
developing s sethoed vharsby the sge of anl=zsls omlid be
dstermined in the fleld, not only tre reproduetive organs
it slse the simlls snd the right femar from sseh animel of
thoge collseted in 1646 snd 1947 were saveds In s verv fow
instaneoes the reorodustlive organz wore not in condition forp
atuwiying Decsuss they had been rulnsd by shooting or by
desliecoatione. In the late susmer of 1046 thres fuvenile
fomalez snd one Juvenile male, thelr age boing destermined by
pelage wnd size, were live-trapped and placed in the laboPe
atorye In fprily 1547, five yesrling femsles and two vesrling
mrles were aleo placed in the lsborstory for studye Body
alze and sppesrance indlcated that these snimals wore vospw
lings sud lster examinetlion of the teeth and femurs of two

of thea supooricd the indlestions,
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#Hathods

The anlmsals wers collected slther by shooting with
£ «£2 calibre rifls or Ly the use of gize Ho. D or Ho. 1
gtesl trass. 3amrllier trajs than this are not sstiasfsctory

28 sven with the larger trapa somne of the snlimpls managed

to essspe. Hhen trase wers used thev were ohecked sz olften
8 posslivle, usuzlly every three or four hours except when

thevy were lelft overnlght nnd then thevy were orecked the
Ifollowing moraling belors 3100 A.E. anlmals Tound desd in
the traps were dlacsrded sfter they hod been welgred snd
thelr skulls ressved. Hlth tha exception of those retsined
for sbsarvation in ths laborstory, all trazped snlimals sere

kKilled tanodiatsly, sseighed and dlsseeted,
Fleld dlsgsection

The snimzls were welghed on s fulerun belance. They
vere then ehecked for disesse by exsaining the liver ond
snleen [or tme praazence of neecrotic sress. The glands on
the Inner %ﬁﬁﬁ of the legs wars chaecied for swelling. In
anly two instances were there sny indlestlons of nacrosis
znd in both csses snlasls were dlacarded z2bhleh hed bLeen
collected In these srsas QL whieh had not been dissected.

A laber exsainatlion of spulrrels from these sress {slled



to show any indiestlon of digessse 2% no tize were anlaals

found «with seelilen zlands.

Uponn ceowmpletion of thias checl, the r&grgﬁawti@@ organg
2 portlon of the zoroial skin, snd, In the mejority of cusss,
the Jloft fomr, wirs removed and pleced in AFR., Ths iformula

oy AF2 is as follows: 50 pards wabsr, 50 parts 959 slechol,

10 parts glsoianl acetis seldy, sund 10 parts Tformaline

In order to determine the amount of fusion of the
apiphysis to the dlaphyels of the fesur st & time when the
snimsl wes belng dlasected,; the right leg wes bent so the
ines Jolnt waz foreed inwerd untll elthor the ligements zave
way, bresking the Temor from the Libls, or the eplphysis of
the femur roelke I'rom the dlephyalse The femur and ghull
were then removed from the curosss snd retained for future

gtudya
Taflinition of termsz

In this theels, Juveniles are dafined as those anlmsls
whieh hawe not passed through s hilbernstion period, yesrlings
are those zmtich have paaged through one hibernation period,
and adults, those whieh have passsd throush more fthah ORGe
When refersnce 1s made to the fommra, those of which the

epiphysis broke cleanly from the disphysls sre pot fuseds
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those »heres either part of the disphysis or vart of the
spiphysls broke off, lesving the reusalnder, sre deflined as

being purtly fused; while thoss in whioh the femur remcined

Intaet sre fuseds The natore of the carletal-Crontal
suture is elagsifled as foellowss: gpen-~-when a elesrly
distingulshabie suture nesr the mid-dorssl line is srasent
partiy-glosed-e-uhen partisl fuslon has taken pluce tut a
line of demsraeation still exists: eclosed-swnhan fuszsion la
compelete and no llane of demsresilon between the variebals
and frontals reasing, In animals in shieh the latter
coniition is present the medizn occlpltal keel 1s ususlly

etronge

S3ince some sniasls were killed vhen thelr stomashs
Were dist&nﬁﬁé wlth freahly esten food st others had easty
stomachs, it i3 spparent thst s gonaldsrable mmount of
variatlon in the recorded body welghts would result Lrom
his faotor zlonee Accordingly, some anlusls wera {irst
welzghed Intaet, snd then reselighed sfter ths stomach snd
integilines lzd Desn reascved. This wss done in order to
sec.reé & corvactlon value which tould be appslied to obitsin the
resl body welg:t when the unlnsla weore wealghed with thesse
digestive oprgnna renoved. Gince no record of the azasunt of
fond In the dlgestive tracts of the anlamsls tnien esrlr in the

study wes henty it was Impossible to zouly the enrrsctione
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The wsights ag recorded, theng includs tho welght of the

Food in the dilgestive tructe
Laboratory procedurs

Seulls snd femursge The skulls and femurs vwere boiled
in water for varving perieds depending upon the spparent age
a8 determined by Lody size of the animels The lsrger sniqwmls
ware assumed Lo be the oldere 3Seven mimates of Lolling were
allowed {or the lsrgest, three for the sasller, and one bo
twoe mimates for thogse vhicoh wore mown to be luvenlles, ~fteyr
bolling, the flesh was removed from the slmlls znd famuirse

They were than blesshed In hydrogen narozxide.

In order to obialn sufflicient eontreat bLetween the
denting and ensmel for the purpese of photography 1% was
necesgsry Lo atain the teaths. The staining method used
wasd a8 Lfollowsa: 411l debris was pieckoed from thes upper right
row of teeths This ftooth row Is used In identifleation of
the stagss discussed lnter in the papere The skulls wore
then plaeed in iscld-fuchsing hested to Just below $he
bolling point, for three minutese Upon remcvenl from ths
stain they were desbeined in 3% H{l-nleohel until the
encmel wos shite. Following this the gkulls were placed in

hydrogen-peoroxide for four hours,; after whish they wore frken
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from th: peroxide and the stalining proeciure repentad excopt
thnt the larger skulls were left In the sialin for six mimmtess
Ugpom renoval from the atsin the second Llme theay were pertislly
desteined in & HClealeohol, washed in wmster and cllowed o
drve The method stalns the dentine red snd lJesves the enamel

withosut 8baine

It is gossible to differentiste snauasl from dentine
in unstained teeth by priecking with o gharp needle since the

dontine cun be ensily dented.

Hale reoroduetive orpmns. The mals reproductive
organsd studlied conslated of the teates, spididymides, vass
deferentis, and, when possible, the seminel veslcelea. iHo
attenst was mede to aske use of the buculum oy 1ts weisghd as
Bond {1941} was unable o foram any concluslens eoncerning

eithere

Alter rewoving the sxiranesus mabtsrisl from the tostes
and spldidvyaides the orgens w2 Individuslly removed from
the AFLy rolled on paper towslling to remove Lthe excass
1igquid, snd welghed on & torelon balanes. The waloht was
messnred In allligrans,s The osombined welght of tha palred

zang was Lokon exceapt vhen one hsd beon dastroved oy

o

danagad and then the welsht of the ressining one wrs doullode



3
7%

Soms error was possibly introduesd by doing this but 1t

gs-uid not be svoeideds

dlergteghni-ue. After fixstlon, one testls, oczputl
assididyals, ves deferens, and & portion of the serotal skin
of ezch snlmal from s majorlity of the 1946«-47 series and
from z gorbtlon of those collectad by Dre Tright were ssotlioned
gt P=10 micrs and stained in Erlich’s hemstoxylin snd anzine
In some instances orsags-0 dissolved in alove oIl wes uvsed in

combination wlth the henatozylin and eosine

Female reproductive orpens. 7The femsle reproductive

organs weré ehecked for evidende of pregnsney or sstrus as

indleated by uterine sears, enbryos,; sopulestion nlups, snd

-

e oragence or sibsanns of the vaglinsl zmemirsns. Tme gf the
evarics of l«f, & csptlve female whieh was killed with ether
st the time shen the vaglnel swelllng wns deerensing, wss
serislly secotioned snd asbsinsd by mssns of the sbhovs

technigue.

Zethods of toulng mesaursmentse. Aversge diammeters

of the seminifercus tubuvles for most bteates ss well as for
trhe Alameters of the tubes In = lerge portion of the earut
ey ldidymides wers onloulated, Ton moasurements of the

dlaseters of tubnules chozen atl random wore maeds fros zlildes

of each testls or epldidynias .An cculer nmierometer was nsel’d



for meking the mensurements. In each ¢sse the smellest
dismeter wes ameasured to svold unduly lerge mwasursaents
due to the colling of the tubasge Yhere possible the haelipht
of asithelisl 28lls and thickness of mmsecle lsyers vere
obtnined by ta=iting the sverage of ten mer sureansnts Iros
esch slide, “hen it was not posalble Lo obtuln sn aversge,
as of the epithelisl helght in the ves daferensg, care wss
taken Lo use only messurements {rox true eross sections.
The dismeter of nueclel was obtalned by averscing twentye
five swesurements fron sach alido. EBxooept when it hes been
neoessary to use declasls where very ausll measursments,
such a8 diasmeters of nuclel, were taken, &ll asveruges have

beesn caloulasted to the necarest whole quantity,.
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GROUPING OF ABIXALS LABED UroX TOOTH TE2R, BdDY

i

0O

s

CLOBURE OF THE PARIETAL-rAOHTAL SUTURE, SHD PU3I

¥

OF THi #rIJHYSIS OF THE FEAUR

Superficlal esxaminetion of the siulls and tssth of
ausclaens collscted indiicuted o considersdle varistion in
the azsunt of tooth weere 4 more intense exsalnation wes
mgde and the akulla fran hoth male and fesale anlnwls were
separated into ten steges (PFlates I, Iizand III) . These
astages wore based uoon tooth suecesgsion snd the gomparative
gmounta of dentline and ensmel showing on the oosluaisl

surface of the upsper right tooth rowe
Unknown conditions relisnted to problem.

Although there ars probebly many conditions relistsd
to this psroblea which ere not known, two appesr Lo be of

srinary importance.

e firvrat ls the effect uson tooth wear of the verise
tion in length of the dormant psriode 1t has not beon gﬁaﬂ
alble to determine definlte dates of hiber ation, slthough
the records tsiten show thet In the lmmediste vicinity of
iissculs, sgulrrels have been obssrved ans earlvy as dareh 12,
On July 822, 1046, althoush no squirrels were obssrved, there
waa oevidence of setivity on the sart of the snimels as @as

shown by fresh dirt at the entrance of the densge. Mo saulrrsls
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woera geaon and ne avidones of neblvliiy w

iy Ants In thisz vielinlty, 20 August 135, 1944, In ths
Gald Oreek srea, one guulirrel wag gsenes On Augpust 720,

#re Fe ¥ottsy s Iarmer In the sres,; said he had scsn very

few during the psst few dayse On September 1, no evidenes

of recant sotivity was Lo ba obaserved. Ho observations

were made on the ground souirrels In the Gold Ireelt aves
during the sarly susmaer becsuse of rozd conditionse Hre

#ott reported thet they had cons from hikernstion bsbtwoen

tha 10th angd 20th of spril in 1947, Shew {(1928a) glves the
tlme of eoming from hibasrmetisn for Oolunblsn ground s ulrrels

shiington, as being fror dsreh 1 to darch 15,

4,

Se
L

2t Pullmean,
an’ the time of sstlvstion as the lstiar gart of July and
the firat sard of Sumist, dapending on the weathere, Hoaore
{1957) indleates thet the tiee of golar Ints estivation snd
coning from hibarnntion of the Jolumblan ground smirrels is

in direet reilsatlon Lo the olavaotions Thsae findinre sor alate

clogely with pressnt obsesrvations, slthough 1t i1 possible

that the dete shen ths majority of squlrrels come from
hibernetion in this avea la cisser bto the perlod from “erch
10 to sareh &0, than from darch 1 $o Mareh 15 as 1a indlented

by Shew {19Z5ale

T™e assaond eomdlitiosn =hieh is not knowm 1z the sfToet



w

of baeterisl scilon or other possible szsuses of wesr on the
teeth during the der-snt periode Jarnnt and Hook (1942]),
who Investiguted the relatives changes whieh ceeounr in testh
there was no change to Le observed In roentpenogroms eand
grogs axan inﬂtiﬂﬂ of the sikulls, feiurs, inclisors, and bone

strusture of sninsls subjected to hibernatione. They further

concluded that all stages of tooth developns

ent; nanelys
growth, caleification, erustion, snd atirition sre relutivew
ly retardsd durlng bilbernatlion and thst this is in scooprd
with the asried dspressicon of the goeneral metebollam during
nivernotion. ®ith thils 23 ¢ reference snd, az no evidenne
of deesy hasz been Jound in say of the te:-th exanined, this
condlition mey Le considsred &8 of 1lttle Laportsnce for the

surpeses of this atudys

Deserintion of the individual staces.

11 deseription of the varionsg steges 1is made with
refarence bto the upper right tooth rowe Iin individual
sniaals a compnrlson of the occlusial surfaces of the toeth
in the upper right with those In the woper left tonth rows
shows 11ttle, if =ny, variatloa In the ssmount of weare
The teralnology of Howell (1858} for the wvariocuz portions
of ths tesot has Deen used In this sepers The stiges sre

described aa followas



Stoge s vlth laoteul premolars. lalsrs may, or
&8

may noby; have erupted {Plate I; fige 3Jle

3taga ile Fermanent promolers, =hich show no wesr,

hevs replaced the lseteal premolurs. 3light wesr on ¥l, and
H%s ezpecially on the protoeone; dentine, if showling st nll,
only in the region of thoe grotoconss H3 showing little or

no wear {(rlete I, fige 4}

Btape Ille. fm4 showing wear on protocone, metacone,

gnd parooone and Pm3 showing wesr on ths single ridgse Yorn
srésa on sl molsrs sextending from protoeone ¢o paraesne and
Lo matacone with smell semount of dentine zpoearing on eones

end Iin small srsas on the ridges betwesn the cones (Plate I,

£1ge Sle

stage 1Ve iPremolars showing wesp, with dentins showe-
ing on protocons of Pmde Holers wmorn to show dentins Hleiniy
on srotogone, metocone, and paracone and extsading z2long the

ridzes between the sones {flate I, flipe Ble

Stage Ve Dentine showing on protocone, peracone, and
metacons of Pud snd aleong ridge of "Mmie Pfrotoeone, parsoone,
and metacong of Hl, M2, snd ¥3 vorn &n the seme level, when
viewed from the side, as the rliges betwmesn the cones (Plate

KI, figc Tie



Stage Ve Dentine showing en sbout 1/5 of the
oeeluslial surfaes of i, ¥F, snd Pmd4, Yorn arees often
extend down aldss of ridges to parastyle, megssntyle, snd
metastyles About 1/3 of the ocelusliel asurfsee of M3 showing

woar (Plate 1L, fige Ble

Stuze VIie FProtocons, parsscone, snd moetacons of
molars and Pmdé worn nearly to the level of the stvless
Dentine showing on about 1/2 of tooth surfnes of molars and
1/3 that of Pmé. Helght of protocones at nesrly the srme

level as that on parscone ond metacons {(Plete I, filge Yl
E ] %

Stege Viil. Dentine showing on szoroximstely 2/3
of cecelusizl surfsce of molarsy 1/2 thet of Pmd snd 1/3 of
Fale The surface of the molarse is empned ond slmost amoothe

Pm4é 1 similsr to the molers {(Plete Il; fige 10}

stepe IXe A1l teeth practioslly amcoth on the
oeeluslal surfacgss Uentine ghovwing on 3/4 of the surface of

zll teeth {Plate III, £ige 1l)e

Stapge X. Surface of sll teeth asmcoth with little
ensmel showinge The styles fors only 3lizht indentastions,

1f they form any at =211 (Plste IXI, £ilie 173e



Figure 3

Stage I
(mag* x 7)

Figure 4

Stage II
(mag. x 7)

Figure 5

Stage III
(mag. x 7)

Figure 6

Stage IV
(mag. x 7)

PLATE I

35



Figure 7

Stage V
(mag. x 7)

Figure 8

Stage VI
(mag. x 7)

Figure 9

Stage VII
mage x 7)

Figure 10

Stage VIII
(mag. x 7)

PLATE II

34



Figure 11

Stage IX
(mag# x 7)

Figure 12

Stage X
(mag. x 7)
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Discussion of stagss

Stage e On May 30, 1944, & male and a femele showing
the eharacteriastics of Stage I were collegbed in the Hiseoula
areas Ihne lacteal prenclsrs and the {lret molar h=d erusted

5

and woars functiosnal. Coverling the seclusial surfage of ¥

vhoe 2 -~ o man B BT o a B e n e T e I S R L S T B & T B T owe EDe B
FHE A CATOLALEINOUS AnFTElg WadI'OAl wo TS nidden by ¢ thin

By June 7 the aseond molar had erupted snd was funce
tional in 211 Juvenile animals ocollected, and by June 1%, the
third molar had erupted but waes not funetionsl, Iy June 50
all molars were funetlionsale. Nob untill July 16 wag an anlimel
collectsd in which the pormanent remolery bhad erupteds The
masJority of young aninmsls showed the chsragteristices of Lete
Swmmer Stage Il Uy July 18. Om July 26 the enly animel in
Stage 1 eollected aiter July 18 was Caken In the Gold (reek
sroeae. She lacteal premolsrs fell out as the skull of this

aninel was belng prepareds

in four males born and rsised in the laboratory, ¥l
had erusted by the time the enlusls were 70 to 31 davs old,

22 had erusted Dy 38 davs snd M2 by 45 to 46 duvse

From the sbove it is apparent thet the parmanent

aolars erupt st intervals of absut a woaky wheress, the



permansnt orenolsrg do nobt erusl untll abont o mwnih loftere
At Lhis tine fad end Yo syupt slaest simultansously Since

gome nnimels sevye 3till in otage I In July and, 1t i3 during
t51s month thuat the snimels in the “issoula area enter
estivatliong andy zines nll atages of tooth development are
saversly retarded during hibernation (Ssrnst and Hook, 1848},
we might expect to find soze sgulrresls energing from hlber-
netion in the auring while =2till in 3tsge e Ho anianl In
thhis stsge was oollactsd in the early soring, hovevery, and it
13 therefors probable that all sguirrels have nrogrozssd o

3tege Il before egtivation staris.

Ho ovidence vhioh would indleste a sexuel difference

in the time of eruption of the teeth wes founde

& somparlson of the upier right ftooth row of the tweo

S

wild Juvenliles collected Hay 30 wlth thet of the 30 Lo Il

&

doy old squlrrels; relissd In the laboratory, Indlestes that

E:

tha two wlld snimels weys asbout B30 dovas of agee

A8 @un be gasn from Table II, & ranid increass in
welght is Indiecated for both males and feasles from the time

of emerpencs of dtape I saguirrels until Stoge I 1s recchod.

20 thirty sqpulrrels ir 3tagse I, tha paristal-frontal

snbturs was not-closed In 23 snd partisilyeclosed in 7.

-
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MALES TRALES
Tarietal lusion Parietal Fusion
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The epizhysie wee fuged Yo the Alaphyele of the fomr
in teo foarles and one malee & Jdistinet laver of grrtilsce
wes present at the ooint of fuzion in ench of these, This
lsver i2 not found in more esonletely fused femuras of lzte
‘steges. The fallurs of the femurs to bresk in thess thras.
anincle was probsbly due to relatively wesk ligsmoents of the
knee rogion reathner then a true fusion of the epi hvsis to the

dlachrysis as seours in older snimelss

Lote Summer Stoge Ile The firat two femeles which

showed the charactsristies of this stsge were ecoliected on
July 16, 1946e The first mele was taken on July 70 of the
gnme yeare Hoth males and femules in this stage were Tound

in eolleetions until the time of estivation.

By the tise the 3tage I wmales had attalnsd Stage IX
sharaeteriatics they had acqulired an everage wolght of 571
Foe he Femeles hed an aversygo welght of 349 gme The veights
of the meles and femsles in suguet svieest e decrosase in
walght Just vefore estivation eommences, but this mav bs due
to thinner, lightery; anlasle romsining setive after the

hoavier oneg had egstlivetede

Table II shows the parietal«frontal suture to be aither
not-closed or purtly-closed. o eorrelation botween the dnte
af collestion snd the asmount of ¢losure of the sutures was

obtsinede



£1Y femaps vemovad Crom anlmels in this ateps showad

e epishvels not fuasd to the Jilerchvsisge

o

£8 wes Indlestsd smong anizsls Iin Stsge I; ne
sbmesrvable diffeorences were found to exliast betwesn msles and
fornies with respegt to the faclora dlsemssed oxoest in body

walpht, the smles beling heavlsy (Tella IT),

Late Summer Stepe ille The squlrrels seem to Le less

active snd more difflenlt %o shprosch ag the summner  rorreossode
The muaber of snlasls enllected In June, July, sn? fugust

wea bhervefore lessz than the nomber obislined esrlier in the
vorre Thult the feasl«s are more sclive then the males Juring
July 1is inéiemted by Teble IXls This diffesrensce iz hichly
sisnificant as - *9-»5“ { ?f:&zf‘ P of 01 belng G.635)

{snedecor, 1B4016-19)

Animels in Late Summer Stage IIT 234 not spoear in
sollestions until after the middlie of Julve 0Ff the five
sniimels In thisz stage collested in 1946, thres females were
taken from the Mieseuls ares in July and the vemnining two

from the Uold OreaX gres In sususte

In w11 skulle in this atage the purietslefrontsl

suture wog sertlye-slosed,

{ne splphyals of the femir was fused Lo the dis hysis



I

&

in fwn Individualas snd not=fused In Ehrods y Pussd feamars

hed o distinet lavar of esrtllage Letwesn the eslohrysls end

the diaphvais.

sdales , ramcloes

ETesDIsiay JuNeduleilife g&raﬂgreﬁﬁy Junedule fuige
rulls
availlable & 47 17 14 11 & S 27 23 15 32 3

fot
aveilable 4 67 55 9 6 O 1 66 54 1a 19 O

72 23 37 6 4 93 77

27 50 3

It is doubtful 1f msny sgulrrsls develop Ueyond 3tope

ITI betore they hiberncts for the firat time. Jince nuaorous
animsls in Stages 11 end 111 zore found In eollsetisns during
Aaoril {Table I}, 1t may be assumed that thay are of the same
ape groug as those shioh estivaied ths precseding summer when
in thoe swne stugese Thev will be Jdiscussed as Spring Staces

Frd

i snd Ilie

. 2koge Lle The first anlmels colleeted in the
soring In Stsge 11 were zhot on oprll 11, 1946e The averaps
body welght of ooth meles and fensles during April was

congidarastly lags thon for animsls of the gsme stsre eollected
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in July {fable II}, the welght sp srenily Lesing lost during

nibernstion. Sinee no snlmels in $this ste ward: gollegted

after ¥ay Jp en advsnes in tooth wesr Lfrom Juring Stage I3

to 3pring 3tege (11 was indiested.

The parlebal-frontal suture of 51l animals in this

stage was partly-closed.

In all e=zses the eplichyasis was not fused to the

disphyvaise

A48 In previously discussed gtspes, males welghed,; as

B averags, mors than fomales {Table I1I1)e

spring Stsge Iile Haroh 27, 1940 was the earllest

date animals in dpring Stsge III were collocted. During
| dareh 1946, three femsles were collescted, the nversge weight
boling 263 gme On sapril 3, 1846 the Lirst mels was teitens The
firat three msles hed en nversge wolsht of 387 g, No males
in this stage wers eollected aflter Yay 52 and no females wars

talten after June e

Table II shows that closure of the prristal-frontal

suture wes not complete in sll snlasls In Spring Sbage T1le

Of thiptyenine femurs {rom anlmels in this atsge 34

were not-fused and 5§ were fusede These Iy however, showved a
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giear line of smsparstion abt the uvoint of Tuslon Latseen the

e bohyels and diaphysis and Tusion was 1ot completae

fin examinstion of the dste {Table I1) indlomtes that
eniarls in Lateo Susmer Stage 11 were more numesrous bhan those
in Late Swusner Stage LI1 wnlle the opposite weos true [or the
Spring Steges IX and I1i, It is wowsible thst soae tooth
gonr Jdoes ogour during hib@rn&tiﬁa arv? the majority of sniaels
in Late Sumaer Stage 11 emorge the {ollowing apring =g Spring
Stsge 11, Another sossibillity ls that sguirrels faillizd to
eativete as early In 1945 as they 414 in 19486, Ho evidense

is avelilable, howsver, which sugiorts elither posailillitve

Stage IVe As no anlmals in 3tsge IIX

ware to be found smong ocllections from June & wntil Iin July,
it was nocsssary to asasume that the testh of the znimals in
Spring stepge 1Il had besn so worn that they had the aposaranes
of 3tage IV by the first part of June. In this thesis, there-
fore, Stage IV anlamnls ecllected during and after ths Llotter
Qart of #Hay are conslidered te Le ln the same age group sa the
I1*s and III's taken esrllier in the springe The anlmals in
Stage V vhilch were taken after the lattsr nart of Tuly have
alao hesn Included In this group ag it is srobable thet st
least some of the previoualy =mentlonsd Stege IV sgulrrels

eonld have advanced to this stage whlls those In Stage ¥, in
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June, may have advanced to 3bsge Vie

Pwo males beken on Yay 04, 194G, which ware included
in this group, welghed 445 and 500 gne reospectlvely. One

femele teken May 756 and welghing 427 mme was also included.

A8 may be sbaerved in Table II, the pariebal-frontal

subure wasd closed In sll but one of the zmnlmels of this stezoe

Of seven animeals in this stage, 4 showed the soichysis
partiy-fused, snd 3 fused, ‘hen ecomplste Lfusion of ths
esl hysis was found in anlmels of thls atape, exsminstion

showed that eouplets euleiflestlion of the eartilsginous

iayver hed not occourreds

Leate Summer Stape Ve & female, walghing Bl0 gme, tmken

on July 2€, and btwo males with en sverage welpht of €77 gme,
taken sugusd €, were the conly animals obtalned in this stsges
in easch of these the epiphysis was fused to the disghveis of

the femmuy and the pevietalefrontal suture wes closed.

aring the lstter part of July snd the irst part of
August, animals In Stuge IV and ¥ sstivete and the following
Bpring probably aupear in the same stugese Therefore, snianls
in 3tages I¥ and V whilch were collected before ¥ay 24 will be

sonsidered as Suring Jtages IV snd Ve
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Sorins Stazxs TV, Saulrrela In thils stsse were smong

thr first to be takoen In the springe In 19486 ¢ mule, walghe
Ing 524 gm., was shot on Harch 26 and, on Hareh 18, 1847, a
mals welshing 489 gMe, wes collected. Of ths {irst thres
meles, none welzhed leas then 425 pme. The [irst three
fensles weighad 446, 876, snd 378 gme. rescectlivelye The
averzsee welght for meles in 4pril wes 409 gm. end, for

fonnlea, 367 gme

The pariestal-frontel suture was clogsed in 1P skulls,

partiasllr-closed In 3, and open in 1.

As the parletal-frontal suture was elossad in all
anluanla of stsges older then Spring Stege IV it cannot De
used g8 an 21d In determining the sges of anlmcels older

than thise

in addition to s sexual difference in body welghts
there 1s anolher josslible verilstions %Hone of the Tomrs
from fensles In Stage IV, taken bafore Hay %4, showed ecomplete

fusion vhile those from 6 of thirteen noles dide

Spring Stope Ve anlmnls in this stage snppesred in

sollestions early in April but 1t ia entirely sossivle trat

many oif bthem emerge Irom hibernstion beflore thise

e average welght of a2ix aslea in fpril wes 448 gne



Twa {rmeler eoliectsd during the ssoe month welghed 401 end
G404 gme Tupreebtlivelye During dey fouvr fomeles, sversging 4&£3

e snd one mele, welighing ¢l gae wore takene

A In the Ouring Stege IV, in sdditien to the welight
differencs, the fuslon of the Lfomur shows & poalible s6x
veriatlone Table II shoers thal in the males, 2 fomurs wero
partinlliy-fused and 6 fused, whils in the {emslesy; 1 wazs note
fused snd ¢ psrtiaslly-fusede. This vsription might be esused
by the effecis of pregnsney =9 2 of ter fenslsg werae  rernant

or had been pregasnt thelt sumer,

Stage YIe Sgulrrels In thils stage were found in
eolleetions during every month from Mareh throuzh fuguste
A tobkal of six mnles and twelve femsles was enllsetad, 4
exgzarisan of the sversge walghts of anles end femsles
{Tole IT} indicatea thet males sre the heaviers, 3 mnle
whilch selghed T1Z gme. was the largeast esllectede It wasz tnken
on June S0, 1%4de Ib 1s probeble that fey anlmsls in this
erss atitain e much grester weilghte Shew (19%Se) givea the

maxlmum welght of BI0 gme for s mrls S, eolumbismus collected

neay Jullman, Gashingbone

A poasible sexual differsnae, other thsn welght, is
the aosareant delzy in the fusion of tha fomirs In the fesaslese

“hersas all fsaurs vere fuged ln meles in stoges from the Hay
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Stape ¥V o bhrough Stage XAy comglete fuslon of the femurs of the

faacles 414 not gecur until Stagoe IX (Tebls II)e

3tapes Vil - Xe That there is a deereszse in the

myabers of aniasls In stoges from and Ineluding VII to X is
indlasted by Teble Ilse A total of cight Htege VII, nins
Stage VIII, four 3tage IX, and two Stuge X wnlasla were

anllanted,

& tendency for ground sgulrrels [« golumblanmusiteo
show g doorssse In body welght ae old age is apyrosched has
boon obzmarved samong those in the Mlassouls ares Ly the suvthor
This la slso indlested by Shaws'® (1900b) date on Lo gplumblane

us snd by Linduaska (1947) in darsots nonsxe
“ivision of anlasls into age groupse

The following Jdisensalon will be conesrned »ith
dividing the anlzals into Juvoniles, yearlings, and scdults

baased nron the sreviosusly dlscussged Tactorse

Juvenileges A8 has bason atsted befors, juvenilos arve

those anluals wvhiech have not prased throuch e hilbernstion

&

periods snlaels in Sbtage I esrtalnly belong Lo this group ss
1% 1= unlikely that any of ths lecteel beoll are robsined
untll the tlas of estivetione Furtlharmore, snimels in this

stage are only to bLe found durlng ¢ ¢ pericsd extonding from
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Although Steges 1L and 111 are iound In ccliesctions al

]

two porioeds during the susmar, it 1o srobable that thoze
taken during the sonths of June, July, and surust have pro-
greaged to this stage dirsctly from Stage I without an
intervening hibarnution periods Az oan Le sean by Filaure 13,
ths avarapge combined weight of the Late 3Summer Ltage IT and
iil is grester than thsat for the ssme Spring stagess Heo

over-laouing of the body wolghta of snimsls In these stepea

with the other stagss le Lound.

Bell {182¢) indlestes that eloagure of ths saristale
frontel subure ls compleie before the {iret seriod of
.hih@?ﬁ&tiﬁﬁ,iﬁ;ﬁitﬁllﬁﬁ boeghavyl, This is sporrently not so
in s golusblanus sincs ne evidenes 1s found of comglete
closurs of this subture In animels of Sbages I, 1T, znd ITI
which ware taken after the {irst of June., It ssome reasonable
to assume thet sll snimsls In stapes I, Il and Ii%, mhich
are collected after the [lirst of June, are fuveniles and

thay «1ll be considersed =3 such Iin this thesis,

Yearlings. Humerous animels in Steges I1 and IXIL

were token In the soring whieh were simllaer in all respeocts,
axgept for belng llighter in welght, to the onimels in the

some stages whieh were collected in the late suamer {Table II).
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Binee Lhere srs no cbgervable gross shenges In the skhulls,
femira, and bone strueturs and, sinee tooth developmant is

relstively reterded during hibernatlion in Je fridecemlinestus

{Sarnat =nd Hoolty, 1042}, it is probeble thet the enimels In
the 3oring Steges I and II1 sre those vhich havs recently
ended their first period of hibernetion and mey Lo sasumed

to be voasrlings.

The lsatber usart of Yey found Stages II and 111
disagpearing from eolleotions. 52 tooth wesr srogresses
eontimiously 4t seems apparent that these sningls have ane-
tered Stnge IV, and sossibly Stage Vy by this time. There-
fore, the animels Iin Stage IV, at lesat,; which were token
after the first of June mey L& consaidsered to be yssrlings
and in Table ¥ and VI this has been dones For aimiler
reagons 1t is probable thet the sanlumels In Stages V by the
latter pert of July were also yesrlings and they have besn 80

consldereds

sdults. For reesons almilar o those glven above 1t
aay be amsswasd thet the anlimsls in Jpring Stages IV and V
have rocently pzsssd throurh & zecond hibsrastion perlod
and may, thersiore, bs elassed sz sdultsze It iz hishly

probable that aninels in the stages ebove ¥V are adulis.



e
S

Tlmpugnion

dnlle the previously discussed deota indleste fairly
definite limits in relatlion to the sgs groups, 1t iz realized

that =ose overlacping might oseury for example jJuvenlles

mlght reach Stage IV before snterling &#stivetione Such
posaiblliities will be diseussed later in sonnsetion »1th the

reproductlive organse

An exsminstlion of Filgure 13 shows two groups dering
dpren end April bebtesen whiech there 1s little overisp in
body welghts, The lover welght group 1s eonzidered to e
comnrise the vyearlings snd the other group to bs the sdulis
on 27 baslis of tooth wesr, closure of the . arlebal-frontal
suture, and fusion of the zplirhysls to the dlaphwsis of the
femur. Iy June, the overlsy hss Deeome 380 lsrze that it is
imposalble to distinguish veurlings from sdults by weights
alonee, & third group, the Juveniles, becomes evident sl
about the tine the yesrlings and afulis merge. The group of
Juveniles remsineg well defined throughout the remzindsr of
the summer on the basls of welsght slonee In esch of theae
groups the aversis welights of thz femnslea are conalstsasntly
lower than those ol the merles. [t iz algso Indieated thet a

slisht losz of welght 13 guffered by the anizals fmuedliatelw

after they emerge from hibsrnation. They soon beglin to gain



waleght, howsvers and thils gsin is stesdy szeast trhel the
adult fencles aogersntly stop gealning welght durdng Yoy and
June, Sinea thisz 1s the perlod shen the femeles are muraling
their young it 12 probsble they =ould show 1lttls gain in

welohte

= L 4

Trble 11 indlgstes that fualon of the femprs 1z not
cosslete In all thse meles untll Stage Vie In the femsles,

it iz not complete until they heve reached Stspe 1Xe

The elozure of the parletasl-frontsl azuture 1s
aoyarently complete within e shori tlme after the vesrliings

emerge from hibernation,

It hss bzen indleated thet thers is 2 delsy in the
Fuszion of the eniphvale to the disphysis of fexsles ns
related to the aging of adnlis, bssed uvpon the smount of

tooth wesre

in ordsr Lo obtelin data on the mazxiwm 1ife spon, it
#oudid be neassaary to tes or ssrk &2 larss nuwber of Juvaalles
and then retrap in tiw srea ysar sfter yesr, relensing the
&niﬁﬁlﬁ alter cazbure,; until the asrked znimels 4isspoesr
from the populstlon. This type of study has Deen made by
Evans and Holdenrisd (19435} in Ceslifornle wlth . beecheyi

and they found thsi some anlunels llved et lesst three veusra.
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Ths study was not sarrled on ovar 2 long anoush period teo
detaraing whather sny anlmals mi ht live longsr than thate
48 hes Dbeen shown in the foragoling seetlon of thls thesls,

the twowyesr 2ld spaclmens of Ceo golumblemus obtalned in the

spring sre in Stages IV and Ve These steges represent only
moderete tooth wear, How mueh time 1s reguired for animsls
ta progress through the Tollowing five stsges of toolth woar,
we oan only suease If the later stagea of tooth wear succsed
one another at the same rate as the enrlier onss are shown

to do, anlanls in 3tages IX and X might very well e ot

leaat four yeara old. 3Shaw (1925b) kept a eaptlive anlmsl

for four vearse

¥rom the sbove dsta 1t seems spparent,; by consldering
tooth wesr, smount of fuslion of the epioshvysisg to the disghvsilie
of the femur, elogure of the paristal-frontsl suture, uand body
wolehts as related to the dstes when the animels were gole

lected, thet Iuvenile, vearling, and sdult . colusblanus

can be dlistingnlshed with ressonable cortaintve
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Genearal morphology of the swmle reproductive trset

he =zsle resroductive track of . tridecemlineantus

had bBesn doszeribed by Mosamsn et sl [183F)e Some of thelr
data hove bDecn ingluded in the dliscussion of relatsd 1iter-
aturs which Iz found zarlisr In ths thesls. & gross sxsaing

tion of the reproductive trast of an adult amsle e golusblenue

sl a eomparlson of Plate IV with photegraphe of the repro-
duative tract of Lo tridscemlincstus, (dosaman et ol, 1932}
& Table I with Yable IV Indlieotes the twoe trasta ave
e@sasntlsally sinllapre. The only dlfference obsorved is thst the

reproduetive orgeng snd acesssgories of (o gsolunbisnus sre

larzer than those of L. fridessmlinestus. The larger traet

shorn In flate IV was tsken from an adult msle nesy the end
of the bressding seasson {April 28} =nd 1%t had started to
regress, ine smaller tract In Flate IV wes Yaken from a

vesrling anizsl eollscted = dsy latere

The testls of an sdult male In full Lreadlng espacity
measures 27x14x15 in length, width, snd depth respsetively
snd the pnir welghs 2383 gme This snloael was ocollectsd on
Hareh 18, 1947; near the beglnning of the breeding season

and probably resrsssion had not comusncads

The mele reproductive organs znd oyvele will be
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dilsocussed in referenes to the asge gerouplings previously
asteprninede Humerous anlmals had baen eolleected DY Ure
apights for which a1l of the sfovementioned dals were nct
avelilable ol for shich dete on the regroduetive oargsns

were avelleblee Sesause of this, bthess snlmals were not
gonsldsred with reapest to tosth wesr, fusion of the fomura,
or closure of the peristal-frontal subure but will be ineludssd

in the diseussion of the reproduective eyele.

TLELE IV

In GILLIME TR L&t
VE TRAQT | LATE

ot rcenc Lo

" fulbar Testls Seminsl Prostute Musoular Penis fent
glend veslicle urethra plus
bulb
o
#1dth 20 9 @ 8 5 &
Depth 13 8 7 5 4 5
Length 28 17 < 2] 24 54 S
Juveniles

“hen fuveniles first spoesr sbove ground about Hay 30,
thelr reproductive orgsns sre extresely small (Table V) The
ineressa In size that occurs durling June is probebly due to

noraal sometle growthe Shortly after the [lrst of July the
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SUMMARY OF PTALE TET; FY AYE GROTTS

T Tody ﬁeigit Testaos 3 B Frididymides . vasa Teferentia
Jape- Tutule cap= Longe
“eirht Tutule Nia. sule Ueisht Digs tpithe (ilia sule Epith. Cilia sfusole
Tot&l ho ’?‘“in . ?’in . ¥in Y AvQa O ,=':.L1‘i¢ Fivie £LVE e Qe AVEa
anie sac= and and and  thieck- with and and Ave. Aves.thick- with Ave. Ave. Ave. thick-~
Are Yo. mals tioned Avae. ¥AX. AvEe MaXe Avee UVaxe. ness srerm Ave. Max. Avee. MNaxe Ht. dte mness srperm Tia. 't e ness
v 1 1 80 —— 24 me——= 40 -— 22 0 30 ———— 43 o= 11 ? 33 ¢ 14 40 7 37
vemiles 9 0 10 zee 348 62 22 s 45 22 o0 58 45 49 2% 13 z.2 16 0 185 40 7 39
CHveni J 8 35 2 5¢ 2 5 2 0 5 5 34 % . 0 128 3 ?
8 5 325 ? 1 g 55 2 2 55 e 3 “§ 13 2.2 15 1 32
A 2 2 341 335 & 73 56 £4 23 (o 47 46 43 33 14 2.8 17 0 132 29 ? 30
346 99 57 48 53
A 19 14 338 198 721 126 104 78 &8 2 1¢6 70 77 41 20 360 14 0 238 45 5.8 56
428 2742 129 475 134
oo 12 5 451 324 176 141 67 60 33 0 106 65 49 43 15 2.2 19 0 184 31 3.5 43
Yearlings , 500 237 70 128 60
U 1 1 420 —— 137 === 54 o 31 V) 95 ~—= 53 -== 11 2.2 20 0 184 22 4.4 40
J 4 2 508 461 333 ——— 73 73 34 0 88 77 54 43 13 2.2 18 0 158 22 3.3 40
517 74 98 64
A 3 3 659 62% 900 831 116 114 31 0 111 92 45 40 12 6.6 19 0 185 37 11.0 40
70 044 117 143 82
4 3 484 9 4913 120 7 2 2 09 153 47 33 17, 1 3 58 44 13, 8
1 3 %%4 %gg% ié% 3 3 1192 }%Og 5 ar 2 5 368 4 56 8
A 28 21 451 256 2459 199 152 71 26 19 863 90 149 40 32 12.1 22 19 333 38 B4 64
E74 4462 167 1365 217
M 3 3 594 580 246 194 64 61 88 0 174 27 50 £1 14 3.0 35 0 227 21 b.8 59
tdults 612 323 6G 213 ¥
J 1 1 712 ——= 309 ——— 77 — 63 4] 178 m—m— 50 ewe 17 2,2 44 0] 220 33 11.0 44
J 1 1 682 wew 1202 m—e= 107 - 39 4] 203 mmw— 53 eew 17 2,2 44 ¢] 242 33 b.b 44
A 1 1 549 - 854 -=== 101 —— 33 0] 63 c— 4 -—— 13 2.2 37 0 158 48 11.0 41
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rate of enlargsment deeressez (Flg., 14 and 18}e Variatlions
i the growth rate of the orgsns snd scosssorlss will anow

be dlacussede

Tastosze When juveniles aske thelr Lfirst spoearance
above ground thelr peired testes welzhts are about 24 umgep
a3 shoen by the welght of the testes from o single animal
which was collected day I0De The bestes sre asbdominal and
turglde Ro svidenco of spsrustogenlie asetlivity is to be
found {Plate ¥V, fige 17)e Ihe bubules hove an aversge
dleaster of 40 u and are lined with Sertoll c¢slils. Ths
lumsan 1s aspgsrantly £1llsd with what allanson {1932}, sho
woried on the ferret, eslls “a cvbtoplaamlie synoytium of
Sertoll cells®. 2 few nuclel are to e found scsbttered
through the syneyiium, Inbterbubulsr tlissue is abundanb,
Celis and nuelel wvary [rom ovsl Lo round in sompees The
averasge diauster of 25 roundded muglel 1a L5 ue Several
measurenents of the thiskness of the tunles albugines st
the thilnnest part glve sn aversge of £ e Blood vessals

ars few in nmumber and small.

By the time the young enlmsals atialn 3tage 11 the
teates have Ilncraessad Iin welghit 5o between 76 and 159 nife,
the aversme for July belng 92 mge &t this tlme there is

little chenge in the sppesrance of sections from those of
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Stage I, the msior Alfferenes baing the Incrasssd slze of the

£k

Btage II taesbes, Tha tubules aversgs B u In digmeter and no
spermatogenic activity can be obssrvsd (Flate ¥, flge 18},

In g few insntenoss, coll divialon, which apseare to be of
Sertoll oslls, mav be seen in the seminifercus tubules of
aniaslys of this agee A compsrison of Lige 17 with flge 18,
{Fiste Vi Indicetes a relmtive decrsase in the smount of
interstitiel tissue with the snlargexsnt of the tubules. &
3light lnerssse in the slze of nueleil is indiented Ly sn
averngs dismeter of 6.3 a3 asgalnst 5.5 u found in early
Juveniles, There iz no diseernable change in the thicikness

of the tunles albuginese.

An eéxsmination of sections of teatez from z Lats
Summer Stege I1T snimal shows no varistion from ths aboves
apnnrently, therefore, the testas of Juvenliles ars in the

sbove eondition a2t the time of hibernetleone

4 number of animels colleeted by Dre Wright, have
testis welghts which group rather clossly to the medisn for
animals of this age (Fige l4}e 4® these testes arse histol-
ogleally sinllar to those which wers eollected In 1846 sznd

1547, 1t i probable they srs slao Juvenileze

The psired epididymis welghts of 3tage

I sguirrels, when they emerge the first time, is soproximetely
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S0 mge At this time the tudvles in the esnut sortion have
an avorags dlicamster of 43 1. Erlthellizl colls of ths tulnles
are cuboidal {sbout 11 n in helghtls Hpithselizl muelel =zre
rounded and 111 the distal twe thirds of the eslls.
Surrounding the tudulez ars mmzels laverg wnich sre sp ro¥s
imstely € u thick, The thiskneszs of the esusuls of the
epldidymiz is about 33 u et the thimmsest part. Intertubuisr

issue is prominent (Plete ¥, flg. 12)e

Anouvt the first of July the ecldldysidas of fuveniles
welgh thelr saxlmum {average 55 mge) and, for thes remsinder
of the mumuen show neo observable changs excent for a sezaible
descresse in welght about ths tims of estlivation (Flg. 15}

Ko sperantozos are gresent, Plste V, flge. €0 shows 2 seotion
of an epldidyalas from s Juvenlle Saken July 7, 1%4te This
ssction 1s Bvplasl of those of juvenlles eollscted throudie
out the remalnder of Lthe sennsre uring July the sversge
dilsmetesr of the tubumles 13 74 ne The eaplithelisl eslls have
lengthened slipghtly {(Teble V), The muelel of the eciithelisl
eslla have elongeted end 2 elear arvres sbout 3 u in width can
be seen betweeon their base snd the basement wmembrane, The
nuelisel nesrly 11l the proxizmsl portion of the enithelial
ezils. 4 dscresse 1s indliested in the thickness of the mmecle
laysr around the tubules snd In thet of %he epldldvmis espsules,

a8 comoered with simllsr messursmenta from anlaels colleetad
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the fivst pert of Junce lwrin, July these asssurescnts
average He5 and L7 u for the tubule susecle layver and
gaypsule, resgpectively, Interstitiasal tlssue does not apiesr

to form auah & prominent pert s3 1t 41d in fige 19 (Flste Via

48 san be scen from Filge 185, and, as has been indi-
eated for thoe teates, the welights of the spididymides aof
gertain of the sgquirrels collected by e %"right are grouped
elosels to the medlan of reviously dealignated fuvenllies.
it 1s sossivle thest, after the mlddls of June, the overlsap
between the welghts of the opldidwvmides of Juveniles and of
yoerliings msy acke 1t 4iffieult to distinguish bebwoen thoena
aveilavle dats, however, indieste that this overlsp is

probably 8o small as o be relstively wnisportants

¥ass deferentliss Late In Hay the dlemstsr of the
vaax dsferentia of juveniles 1s 154 ue iig £1, Plate VI,
showa the spithelisl eslls shich line the tube sz columnars
They average 40 u in helzhts, The lumen of the tube 13 small.
Wumerous dsrkly stsined gramales are present in the melei
of the spithellsrl colls, The nuelel wary in form from ovel
to long ovolde They are close to, or at, the base of the
eelise #o cilis osn be obssrved on the eplthelliume. The
tubule formed by the egpithelius 1e 88 n in dianeter end the

mascular coat 13 37 n thicks 7The lamins-propria, (deseribed
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for husans by ¥aximow and Bloomy 19443520) is from 3 to &
coll lavers and nesrly 11 u thiecke Slood vessels sre small

in the vee deferens of jJuvenlilas,

It is indlested in Table V that, in June, the average

dismeter of the vaas deferentla of jJuveniles is 185 ue The

4

) e o . mon

condition of the vusgs deferentia in thess snlmals &
latter part of June, a time when the tubs hes attained
maximum size, is shown by fige 82 {(Plute VI}o There apoarente
1v has bsen little change in the halzght of the epithelial
egells from that of early Juveniles and the typlesl pseudo-
stratifiad condition of the eplithelivm with two layers of
anelel is presente. Usrkly atained grenules sre evident in
tﬁm miclel. The tubule is 83 u In diameter and s definite
lumen is present, appsrenitly thers haos Desn an incressns In
the thickness of the musoular coat {(te 39 u} with a slight
deecraase in the height of the epitheliua znd the dlameter of
the tubule as compared with younger snimels. Although no
change in ths member of eell iayars can be observed, there

is an incresse of Jed u In thickness of the lsnins-propris
over that of lete day or esrly June snimslse This indicates

an ineresss Iin aige of c¢cells ruther than in mumbers

The wvas deferens rosches I1ts maximum dismeter by the

lztter part of Junes During July nmd August there 1s 2
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decided decresse ln its diasmster with an seceonparnying decranse
in helgnt of the esplthelisi ecellse Albthough the longltudinel
musele laver shows no apsarent change, the lzalns-propris has
fupresged from 11 to 8 v in thiockness, and the eplthelial
tubuls from B8 to 606 u in Adlameter. The limen =2t this time
varies in extent from well defined €0 praetiesily nonexistent.
The presence of eilia iz questlonsble. The nssudostretified
eondition of the nuclel in the epithellium is present {(Plate

Vi, £ige 23}

The asbove datea suggest a possible waristion in the
rate of physlolopgliesl maturation of the warilous organs.
%hile the testes and spididyaides show little or ne tendency
toward & ovele, the vasa deferentis resch & maxismumn sise in
June #nd then dselline rapidly during Jfalye This supgpeats
thaet the vasa deferentis may possibly msture physiologleslly
and somatlieslly et s mores rapld rate than do the testes or
epididwmides. 2d4ditlionsl dsts are neoesssry, however,; before

definite coneluaions may be resched,

Serotel skin pilgmentation. The smount of pigment-
ation of ths secrntal skin is ﬁﬁ??@lﬁt&ﬁ‘élﬁﬁﬂly with the
bresding sctivity of masle ground sguirrels. vells {1338
atates that the plgmentation of the serotal skin in L

tridegenliinsatus shwows a seasonsl rhythm, similer to that
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of cther secondasry sexuel charscteristics. "¢ sags thut
bresding males in April and sy have s deepr bDlack serotum
fron whigh the plgnent diminishes and complestely dissprears
by suguste rlnkel {(1945), vwho slso worked with Lo fridocoge
linestus, indicates that the pignentation 1a due to stimil=
atlion by testlis hormons of melanophsres lying st the dormul-

spidermnl junstione

A gross and histologleal exumination of the saerodal
skin of Juveniles of (. golumblenus revesl little or no
pigmentation beyvond thst which normelly sppesrs In ths skin

af ather areasn, Helanophorss sre small and roundede

Sumaarve Juvenlles first apoesr about ¥ay le, 4t
this time thelir reproduetive orgsns are suall snd in sn
immature sondltion. & rapild ineresse in size, probably
norzal somatle growth, is evident until the latter psrt of
June., ~fter thls the testes gontlmue to zlowly enlargs
winile ths epididymides maeintaln approximately ths peak
attained In Junse The wass daferentis,; however, decresse
in dlamster during July and sugust,; a Lot shich suggests o
varistion In socmatle znd physisloglesl maturatlion bLebwesn
the organs. Litbtle or no plgnentation of the serotel skin
iz evidente It 13 indlesnted Ly the rsbove deta, thet these

animals are immaturs and Incspsble of bresdinge
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Yearlings

Yeasriings, 1.0, Juring Stsges IT and 111, sre {irst
found smong ssmples on Anril 3, 1948e At this dste 1t esn
be cbacrved (Tabls V and fige 14 and 18) thelt conslidsrsble
enlergenent of the reproduetive organs cccurs during the
perlod of domasnoye These organg w1ll now boe dlacussed

individually.

Tostege 4t the tlme squlrrels emerge from thelir {irat
period of hibernastion, or soon after, their testes are nax-
ixmal in size for the age group (Flge.l4)s The extremely high
average for april is due to the faw animnls whose testias
welght 18 over 1000 mge The mejority (15 of nineteen) of
animels of this group have testis wolghts of less than thise
The faet thel s lerpge number of the animels, collected Suring
LHpvil by Dre “right, have bestls welghts whieh are less than
1000 mg. sasems Lo support the above dste. Teates ere turgld,
with blood vessels more spparent than In juvenlles, and wvsry
from abdominal to serotal in position. The largest teates
are serotuls. Sporsatogenis scbivity spparsntly seldom
regaghes that of malure wnimals as, In only 7 of fourtesn
aninsle of Spring Stagas 11 snd 115, sould msture spermut-
ozoa definltely be found. Tr: tastlis welight of each of these

i3 avaer 1000 mge One of them, collscted on Aoril 13, 1848,
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hes testes welihilng 2742 mge and sparmabozoa sra abundant,
le®ey tun D& found in nsurly svery btublise The othar,
gollected Aprll &6, has testes welghing 1310 mze. and only &
few spermutozoa are evident, The testes of a third animsl,
taken Aoril 13, welgh 17221 mege 8nd the presence of apernnbte
ozea 13 guestlionables Flge 14 snd Table ¥ sugsest s posallile
correlation between slze of teatss and spermstogon production
a8 no spsraatozos can be observed In testes of sanimslz ocolleg~
ted In April, of whieh ths welght of each pulr 1s less than
1000 meep whevresg, in those having s woeipght above this,
apsrastosoa ares present in ¥ guestionsble in 1, and sLsent

in the fourth asniaale

In testes of ground squlrrels of thils age group, baken
early In dprily the ssminifsrous tubules sversge 104 u in
dlameater {Table ¥V}o A considersble amount of esll division
iz evident {(Flate VI, fig. P4). Sperastoronis and primery
and sccondary spermatoecvtes sre abundant, &3 are Sertoll cells.
Spermatids and s definite lumsn esn be obasrved in the tubules
of the larger tastes, Xo lumen snd no apermatlids ares found
in testes welyhiag less thern 1500 mge Spesrmatogenesis
apparently does not progress beyond the s3purmatid stage in
the malority of yesriings., 4 scomparison of flze 84 (Plate VI)
and £ize 18 (Plate V), indicates s decresse in the smount nf

interstitial tisaus in the testes of venrliings asn eom ared

ek
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with Juvenilese 4 slight Incresse, (fron Gl to Ce¥% m) in
the averags dlameter of miclel ls spparente “ith other
ineresaass in sizs thers 12 an Inereanse from 87 u to 35 1

1n the thiskness of the tunies albuglnean,

The testes start decressing in alze the latter part
of april and, by the alddlie of May, resch the ainimum (Fige.
14)e The decresss In testis weliht is from an sversge of
T21 mge in april to 176 mge. in Xay {(Teble V), a dscrease of
ovaer 70 peresnte Filge. 14 sand Table V indieste s 21ight
increase in weipght of the tsstes fvom this deate until fugust,
at which tine an extrasely rapid ineresse in vwelght iz showne
This ranid Inerosse is due to the largs testes of the three
azuirrels taken on dugust €, 1946; in tha Cold Cresit eres.
Insulficlent dsta prevents tre drawing of any eonelusions
concernling the scemingly extreme weizht inersase mentioned

above.

turing the lattsr pavt of aApril and throushout the
remalndsr of the suzsser, muslel; in which the chromstin
thresds arse clumaped toy  or in one prrition,; lesaviag the
remainder of the nucleus vacuolated {Zlate ¥II, flz. 28},
become numerous in the geralinal eplithellium. Falinter (1893
desoribes siailar nuelel in mane He alsao obasrved then in

the testesn of the Bet and of the striped skunke He says of
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this condition:

Pit 18 oosasible Ehet 1% 1 o sroduet of poor pro-
servation or & gtem in the degenersatliom of sections of
a2 tubmle, but whether elther of thease exnlencstions is
the sorroect one, such ecells orobebly do not form & step
in the normal production af spesrmatozone’

Sinece thesy nuelel are seldom osbserved In seminiferoun

tubules of T, goluablasnua, in which considersble suermat-

orenic sotivity 18 opeourring, and, sinee the method of
fixntlion was standerd for =11 testes, this phenonenon is
srobably indlestive of regressing teates., Another type of
eell, whleh, although found st 211 times, iz mores mmerous

in the germinal epithelium sfter regresslion nf the tesbes

has storted, is one In shich the eoyboplasn tskes on & gravish
staln {vlate VII; fige £Ble These ere probasbly atretie cells.
3ertoll soclls snd speraantogonis ere sbundant, Primary
gperantooytes ere relatively sosree unless the eolls conte
aining the muelel with the ¢lumped chromstin esn be considerad
ag regressing spermetoevybes. Mo secondary spermatonvytes,
gpermatida, or gspermmtozoe can be sesn and no lumen is sressnt
in seainiferous tubules sfter the first of Heve The tubules
svarsge &7 and 73 v In dlemeter during Yoy and July resseet-
ivelys Interstitial tilsgue spuoars more sbtundant and the
rounded mielel have decressed in dlsmeter Iron an sversge of
Sar n In the testes of spring yearlings Yo . u in tastes of

lste sumaer vesrlings (Gold Oreek asgquirrels takenm In cuvgpusi
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are not inslvdedl. The thileimess of the tunies slbuglines of
2 single sniasl iz 37 ne Additional messuresents areg not

aveliohle,

Ho luamen 1s present in seminiferous tubules of the
nree animsls gollected on Sold Creek, sugust €p 19408,
Humerous Sortoll colls, spermatogonis,; snd primary s erm-
stoeytes snd nuelel wiith eclumped chromosomes are Intersperasd
throughout the synevtium to such an aextent thel, in most
tubmlesg, 1ittle of the svneviium ezn be seens The rounded
muclel In the interstitial tlasue oversge 7.7 u and the

seminifarous twbui&a 116 u in dlzmetar,

The teates of vesrliing snimals are st the maximsl
slze attainaed by them when they smerge from hibernztion in
aarly 4Aprile Spsrmatozos are uroduced Ly at lssst two of
nineteen yearlings, The indleations that the tsates start
to regress slmoat lmsediately tand to preclude the psssi-
bility of growth snd ineressed gpermatogenic setivity of
the testes altoer emergencs o8 the snizmasls In the soring.
Regresszion is practiecslly ecomplete 1n 2ll squirrels by the
middle of Hay. MHuelel with clumzsed chromatin ineresse during
the period of regresslon aﬁﬁ are present {or ths remesinder

of tha nuwmmer. These sreé probsbly indlcestive of regression.

an exsamination of Filge 14 shows that, except for



April, ¢orbtsin teatls welshts from snlasls which wore
galleate? by Ure Triochi, ara grouged aroun’d bthe average 4
found for the vasrlings, 1t ia alse shown thal the asfority
of Aprll veupllngs, as well as s sonsiderable number of those
collsebted Ly Ure. wright, have %testls welghis betwaen 300 end
700 mge Hlatologliesl exsminstion of the testes from the
latter snimsls indieste no essentisl varistion from those
dsseribed for the yenrling sge groupes The anlasls thersiore
eani be gonsldered ss vearlings. it is possible that none
bresding sdulbs in april would heve teates in s simllar
eondlition to thst ss deseribed [or veurlings. 4z only

of the snlnela shieh were clssssd as sdults (both in Stege
IVY in apvril, bave testes In the vearling conditlion and; ssz
it iz possible thet zons vearlings might esttzin Staecs IV by

thia time, 1% sppears that non-breading adulis are rsre,

spididymidese The sversge welght of paired epididy-

mides during April 1s 1906 mges the minimuam belng 70 and the

Asximuw 475 mge Tubules vary from 41 to 134 w with an

average of 77 un {Teble V). IEpithelial cells which line ths
tubules, as do etﬁﬁr tissues In the eplididvals,; shovw conside
ersble variatlions They wary {rom ¢2ll columnar to cuboldsl,.
A0 sverage of 0 u (mine ld, maxe 20) in helght 1s Indlested.
The presenge of ollis 1s mestionable. The lumen of the

tubules 1s open in sll but two individusls,
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interstitial tisaue varles from & small smount to a
gondition similar %o that of Juvenlles. In ths msiority of

instsnees, the Juvenils conditlion iz shown {(Plete VIT, fige

253 e

Little varistion msy be observed In the thicknsas of
the aacoth muscle leyer sround the tubulese The vsrlstlon is
from S5 n for jJjuvenlilies In July to 5.9 un for yearliings in
4prils. The maximum snd minimm for yvearllinga is 6606 and 4.4
uw respoctivelys, The nmumber of e¢e¢ll lsvers varises from 2 &o

4o

#lth the apparent enlsrgement of the epididyaides of
vearlings in iprll over that of Juveniless In July, the
eapsule has decressed In thiecknes: from 17 n to 14 u. Thils
suggesats a atretshing of ths cupsule with the enlargement of

the apldidymis.

The epldidymides degrsess in slze rapidly from the
latter part of April untll the middle of ¥May, a2t which time
they have almost resched the minimum, 4 slight decreass in
welght 1z Indleated from the middles of May untlil in July.
The epididymidea from the three Cold Creel souirrels esuse
an inerease In the sverage weluht for suonsts The indlented
decrease into July 18 not applled to welght slone es sll

messurements of the opldidymis are zmeller In July thsn in



#ay {Tables ¥}s The epldidynides of veasrlings in Tuly,
taken In the 4dissoula srea,; resaubls theose of juvenlles in

in July snd August {Plste VII; fige 27)s

Among the data colleeted by lire Fright, sre numerous
epldidynides of which the welizht and histologieal sondition
are siallar to whet has been deaeribsad for gearling anluels,

Because of this 1t appesrs that thoy balidng to the ssme age

EYouDe

Epididymlides of yearling ground squirrels hevse sttsoined
thelr maxiemml welght upon completion of the hibernastion perilod.
Regression in size comuencss zoon after the animsls emerge
and eonbinues until ths Juvenile condition is resched in
mid=dave This condition 1s meintsined throushout the remsgine
der of the aummer, Anparently nons of the wvearling snimsls
in the iMiasouls sares reach breeding condition as aparmsiozos
are not tc be found in the epldldymides of any of thoss

ecllectsad,

Yasa deferentise The average dlameter of fourteen

vasa deferentia from yearlings collected durling April is

238 1, The range is {rom 110 to 374 us Spermatozoa are

present in the testes of the animel which had the maximsl
s8lzed vas deferense The &pithellal zhaepe veriee from

euboidal to eslumnar snd eillla sre present in 211 but one



vas deleranSe, The averagze length of allla la 868 n. In
four individusls the pasudostrxiified pondltion of the nuclel
of the eplithcelium is not pressnte In theas four sanlmsls the
nuslel £ill one-halfl to thres-fourths of the sgaee in the
eell and thew vary in shapee The tubs formed Uy the ¢ 1the
sllium hea an eversge dismeter of 137 u, and the salze of the
lumen veries in dismeter from gero to approximetely 85 1.
The lominese-proprias is from 2 to 3 ¢2ll lavera ond aversges
P2 n1 in thickness, The longlitudinal musole laver is 55 u
thiske Flate VII, fig. 28, showvs & ssebtion whiech is similsr
to the aversge condlition of the vass deferentia of verrlings

during aprile

# atudy of Table V shows thst the vas deferens decrensg-
es in size until sugusty at whieb time an incresse is indleat-
ede This lneoresse ia ecsused by the data from the three Gold
Oresek squirrels. 7The wasa deferentla of these three Boulre
rels are slmiler In swpoosrance to those of HMay vesrliings from

the “%ilszouls aresge

By July, the dismeter of vansa deferentla of yeariing
ground ssuirrels has deerassed 80 u, ths epithelial helpght
from 45 to Z2 %, and the other tissuen have regressad in
proportion (Teble V). The regreasion 1s such that the
vasa defarentla of lzte summer vearlings asre Qeflinitely

Juvenile in sppearance (Plate VIII, fige £29)e



seretal skin pismentstion. Barly in the spring the

sorotal skin of the majority of yasrlings hag 2z derk greyish
color, #Helanophoras are small but mores mumercusz than in
Jn?@ﬁil&ﬂo In ths yearlings whiech preodugs spermntozes, the
serotul skin 1s black and melenophores form an almost une

broken lsyer in the basal part of the enlidermise.

delanophores start to dissppesr and the skin to becoms
iightey in ecolor Dy the Lirst of Maye. after the last of
day the color of the scrotal skin closely resembles that of

Juveniles.

Sumaerye A%t the time of emergence from hibernation
of yearling ground sqmuirrels the reproductive organs snd
accaessories of these animals are at, or clese to, the maxi-
mal size resched during thet veer. 4 possible correlation
between the slze of testes and the pressnece of spermatozoa
is indleated during early s=spring, sines no vairs of testea
of whieh the weight 18 less than 1000 mg. produced spermato-
zZoBe AboOVSe this welght; spsrmsbtozos are found in ¢ of four
yearlings and the presence of spermetogoa is possible in a
third. Yesrling males probasbly do not attesin breeding

gondition Iin the #Hizsouls arese

Rapld regresaicn of the reyproduetive traset commences

soon after the yearlings emerge from hibernation and is



sompliete by the middle of daye. sftsr regreasion, exsept for
greater aize, the sntire traet ls jJuvenlile in sppssrance snd
remeing 20 until in Julye slthough 1t 1s auggested thot the
resroduetive organs commencs to ineresse Iin sizae 3ﬁ@wh1y
befaore the snlmals egtivete in lste July, the svidenca is

inconeiusive,
Adults

Adult sgulrrels (3pring Stages IV to X) emerge from
hivernstion a week to two wesks before yesrlings {Table ¥
and fige 14 and 15}, VYhen the adult mesles smerze Lrom
hibernatlon thelr repgrodustive organs sre larger thsn ab

any previous timee

Testes. Testes of adults during derech are turgld,
agrotel,; and aeximsl in size. All astsges of aspermatogenesia
are sresent (Flate VIII, fige 30} although mature sperustogos
are more sbundanl in the teates of animsls sollesctsd in esrly
&pril, Interstitial %lssus 1s relstively seares., Hueclel of
interstitial eells average Ge.6 n in diameter, The tuniea
albuginea is thimner than st any time during the current
voar {(Table V).

Teble V and Fige 14 show that the testez eommencs to

decrease Iin aslre soon after the animals esmoerge from hibernstione
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he Indisabtadl dseresnse 1s probably exeggerated beosusme of the

2aall (199 and 395 mge) tesiis welghits of twe ISage IV salmsls

@

3t In esrly Anrlle Histologiesel shudy of theze smsll tes-
tes reverlad uthwit thelyr sppesrsnce waz ezgentislly 1ike that
of 2ovil yesrling testas, srobrily thegs were roam veurling
sniaasls sines the body welghts of 28w snd 345 gme ars
indieetlve of yoarlings In Aurile oy the lastter pert of
azril moat of the testes have dserensed in 2ize and are a3oft,
slthouzh still scrotal. & few spormatozoz and conelderable
detrituns may be Found 1n the lumen of the tubules. Large
veouoles are present In the germinal apithelium, Cella with
slumped chromosomes have Dscome evident znd few spsvymetooviaes
or sperneitids can be obscervede Sertell eells snd spermatow
gonis are regulsrly slined In the distal portion of the
epitheliume 4 deerezse in the size of the interstlitisl ecell
nmuclei 1s indiested 23 they are 5.8 n in dismeter na comparsd
with the ©.§H aversge for the entire months Interstitisl
tissue appeéars relatlively more sbundante The tunisa sliugines
g srently Inereases in thilckness as the testes decresse in
ailze sinece 1t messgures sbout 44 n In thickness the lsiter
part of Aprll and about 20 u the first parte The aversge

dlometer of the seniniferous tubules is nsesrly 107 ue

Figure 14 and Tsable V show that the testes have

completely regressed In size by the alddle of ¥aye In
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sy cenyranee of sectlons the testesn of ﬁﬂwi%a elosely resomble
thoge of fuvanlle snladls excoest For the uyaosangs of more
rravous eolle wilth elunped ahrosdanmase v the lzat of favy

they ore favenlle in appesrasnce {Flate VIII, fize 31le

3ince nunerous oelils wlith elumsed ehromosomoes are
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toksn during the latter part of July and sthe {irst sert of
august, 1t is possibls that rsgresalion of the teates ocours
nelitbor as repidly nor as esrly In the Cold Cre<k sres a2s in
the dissoula srea and the squirrels sposrently sstivate

beiore their testes are fully regrosnsds

Jinee, when adult msle ground soulrrels emerye from
hibernation, thalir teates are maxinel in size and mumerous
aperaatozos are osrassnt, thay sre urobably able to brsoede
indteoctions thet bresding beglne azcon aft v enargence are
aoparent In the deeresse In slze vhien takes plees st thir
Limee Complote regression is evident by the lstter part of

:%&}’e

Testes of mumercous sninsls ¢ollected Ly re “richt
nave walghits approximatling those of the 1946-~47 serless
Hlastologioesl exsmination of & number of these tesbes showns
Both groups to be esgentially similare 1t iz Lrobsble thev

are from adult snlaelae rige 14 shows saveral snlusls with

]
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testlis waelghts whilgh are sbove sveregs for fay, These snlmals

ware soilsected on Told Oresk and the msjorliy of testes
gonlsin speraatoZssze Hisboleogleslly, they awve alawllar teo
thus bestes of snlasis which wers anllashsed in the Misasoula
sres the last of Aprll. This sugyeatsz that the bireeding
asgaann 1n the 8old Orsek ares is elther lster than in the
disaoula srea or is prolonged over & longer period. I
giallar pabtitern is followed by both the Gold Cresk snd the
disnsoula sres smuirrsls, probably the first Is the tre

eanditione

Epididymides. At the tize of smergence of adult

ground s ulrrsls in dareh, thelr epididvmides sre at

maximal size {(Table V and Figure 15} Spermatozoa are
namerous snd the lumen lerge (Plate YIII, fig. 32)s Furthsr
sxaminatlon of figs 32 shows the nuelsi to e at the Base of
the high eoslumner ejsithellzl zells. Table V indlcates thast
the ellla are longer Juring dMareh than at any othar times
The busement membrane averages 1 to 2 cell layers and .6 2
in thickneas. Interstitial tissus is fibrous and scanive.
Meagurements ol the eapsule st 1ts thinnsst part Iindleste
that, in darch, it is thinner than et any other time during

ths apring and summers

A study of Flge 14 =nd 15 showz that the epldidwmides
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Lr the svarsge of ths 1948-47 series 15 saused by ‘he suell
epldidyaldes of the two 3iupge IV anluwnls whieh wera dlscussed

in consasction wlth the testess

&y the last of April the e¢pldidvaides heve comusneed
to deores36 rapldly in size., Hany tulules contalin no
spsrmntoznas Ullias sppesr longer but thiz is probsbly due
to the degreszad pressure from the sssller number of speymste

gzohe Comparastively mors Intertubulay tlssue is evident.

That regression is complete Lafore the snd of Zay 1s
shows by Flze 1Bo Table ¥ shows Shat the dsoresse in sizs
i3 genersl exesast for an ineresse In the thicknsss of the
Sarsules An zdditionsl Inereass from J-2 to 3-4 gell lavers
and from JSed o 11 u In thilckaesa of the basasent membrons
was found. Flate IX, fig. 33 shows a typleal sectlon of an
@ ididyalis from sn adult ecollestad ey 30, 1840. Exgopt for
g dirference in alze, aszs ahown Dy Teble ¥ and rlete I¥, fig.
33; the condlitlon of the completely regresses sdult epididymis

closely appronches that of Juvenlles {Flate VY, fignﬁﬁ o The

glesr ares betwesn the eplithalial eell nuelel snd the boaoment
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menbrane esn be plsinly acene

Bapld repgression of the epididvaides of aduli greound

squirrels commences during the labler part of 45vil and 1z

complete Ly the latter pert of Mayve Ho sparmatogzos sen be

observed in spididymides of anlasls eollected after th

f‘{ wyare He o £ i R P
AATERE S WA T ALALTE O LA S =
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whion the epldldymis 1s lergest = Full of spermstozoas

3tretehing of these o
eaused by spermatozos) 1 Indlested,

ment of the epididymides during July or August can he zeene

Vase deferentise

The vass deferentis, like the test
and epldidymides, of adult squirrels sre largest when the
aninels exmerge from hibernations Ho spermstorosn osn be
found in bthe vease defeventls of 2 of three males collected
in Hderche The snimels, in whieh ne sperumtozos esn be
found In the vee deferens, wure eoliected on Harch 18 and

- #

£6 res tively, snd the one with zsermatoros on Mareh 28

fe

Dmring the firet half of sapril s erastoszox esn be found in

thiz vess deferentls of sll adult males sxespt the twe Stogs

IV snlwsls previocusly mentioned.
Flate IXp flge 34, shows s ssetion of 8 wvas deferens

taken from an adult male on Hareh 18Be Yo ssermatozos are

sresente  Eplthellium Is high ecoliouwwr {(BE v and involutbted,

¥

Ko spermssbogos ars o be founde

arte due to internsl pregeure {poasibvly

Ho evidence of eénlargee

85



311lia ere longe The upseudostratified eondlition of the

ezxlthellal muelsi is evidenits

By the tlme sperastozos repch the vas defsgrens a
declided decrease in the helght of the #:ithelium znd lengih
of ellis 1s noted {Table V), ‘he deeremse in eilis length
1s probably due; not o an agtual deeresssz In length, ot
to bending csused Ly the pressure of the g?%?%&%ﬁ%@ﬁa
Involutions in the epithellium heve largely dissppesreds
The tube formed by the epithelium has inecreased from an avere

age dlameter of 170 u in Haredh to 190 = in April.

Hegression of the dust and rellefl from spermsstozoon
distenalion sppesrs to Le almultsnecus sndy, by the last of
April, eﬁm§aé§tiva1§ fow spermstozos ure to be found in the
majority of the vesa deferentia. Complete regression of the
duet, however, doss not come until the lsat of ¥aye. FPlate
Iiy, Tlge 30 sbows & section of 2 completely regreszed was
deferense 7The dlameter of the duet Ls reduced,; the epithelw
fum euboldsl; eplithellsl eilia helzht lessy and the musenlay
laver relatively thinner than in snimsle colleeted sarliier
in the waasr (Teble Vie The duet spuarently remsins in this

eondition until estivaetione.

seminel veslicles. The seminal vesicles of adults

ahow greatest alize and function Gduring Harch and April, 1.8e;
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during the breading ssason. At this t1as $the tubnules srs
filled with transperent secretlion and sezarsted from others
by 8 comprratively snsll smeount of interatitisl tlasue. The

gpithelivm is low columnar (Plsobte Ii, flge. 36)e

deminal vesicles of vearling snimels during Aprill
show 1litile or no seerstion, much intertubulayr aonnsctive
tissue, and cuboldsl epithellum. The tuvimler lumen 1s very

small or leseoking. {Plate X, Tfige 37}e

dince seminal voslicles for the remsinder of the sum~
moer ars not svailable, it 1s impossible to diseuss or form
any concluslions conesrning them. Yells. {1958} shows, howsver,
thet in . tridecemlinentus, the semlnsl vesleles psas through
a sezgonsl cyele closely correlsted with the evele of the

reproductive organs. Probably this 1s so in $» golumblamis.

Scrotal skin pigmentatione aAdult msles during March
and 4April snd the {irst part of ¥ay have desp blsok serota.
about the middle of May the pigmentation commences to dlaap-
pear and, by the mlddle of June, the scrotal skin of =1l

sgqulirrls collseted was light in eolore

summarye ‘The resroductive trael of sdult male ground
sguirrelis is maximal in size ot the time the animals emergs

from hibernstlone Fz2ates sre sarotaly; end =11 stages of
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aperaatozenssis gan ba obasrved,

Aepld regression of the traoet commencss about the

middie of April snd is complete by the last of Have

Pousdibly, tne testes inoressse In size lust befors
estlivation compeneas but the reaesinder of the trael show

no such ineresss,
Mecusoion snd sonclusions

suvonliles appesr above ground around dav 3. AL

thils time thelr reoprodustlive Lraets sre sxbtramel smell and
Immnture, Orowth of the orgsns contimes throurh June snd
tie maximel slize 1s attalined the lautter part of Juns or the
first suart of Julve After tHhis dste the togtesz and s51didy-
midss do not galin or lose an saporsciable smount, wvhereas,
the vasa deferentis undargo rogresssaion in sisge durlng July
and auguste Ho serstel skin pigasntatlion 2sen be cbssrvede
Juveniles enter estivation during the letter sart of July

srd the first psrt of auguste

Barly In April vearlings snerge from hiberneiions
Their reproduetive organs show sonalderable enlargement in
eomnariason to those of Juveniles, The tesztes are mostly
abioainal but some ars serotsle 1t is probsble thut tsates

which welgh less than 1000 mge during April never produce
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spsrmetosos. OFf nlneteen anlmals, 4 had tesbes which welghed
gver 100U mge Jrobubly nong of these 4 would have bred
ém@in@ the current sesson sinss ac spermatapss ware observad
in thelr spididmmides, and sinece regressieon apoarently
oonmences soon after emergongs rom hibernetion. v the
middie oi Hay, or soon after, regression is complete snd the

organg appoar like those of juveniless

Adult males probably emorge from hibernation s wesk
or two weeka before the yesrlings. Thelr reprodustive orguns
are maximel in size snd activity., Of Lthirtyv-ons adults
collected dueing Hareh snd april, spermuiogoes werse not
psresent in 2 of Stheme Loth of these snlnels were in Stage IV
amnd thelir body wﬁigﬁﬁs and reproductive tresets Indliested

they probably were vearlingse

Regression of the traet is rapld durinz the Iantter
part of April end the flirat part of sy snd iz eomplets by

the lost of Have

In Fige. 38 testls welghts sre plotted sgalinst
8pididyuls welghise & pood correistion is indicstede “hen
the coefficlent of correlation was ealonlated 1% was found %o
be high irxy - oBB8}o This extremely high coefficient 1a
Probably dus to the close correlatiocn shown by the smsliler
testes and #pididynldes,
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S3inece anv discussion of the male reproductive ¢ycle
would be incomolete without mention of the famules, a short,
supsrficisl, deseription will be ineludsd. Lack of tiams
srevented o more inbtenasive studye The fomale evele will be

studied laberes

Table ¥I 58 a summary, by aonth, of the gross eondi-
tlon of the vaginal opening and the utsrus of the previous-
1y determined age groups. Several terme used in the table

requlre explanctiocn.

Johnaon et al {1933} deseribe the opening of the

vagina in C. tridecemiineatus and I have {found it to be

similar In C. columbianuge.

Swollen uterl are sxtremsly large in compurison with
thread like of short ones. when swollen, they asre 35 to 8O

e in lengih and 3 to & mame In dlamster. “hen thresd-like,

the leangth is 30 to 45 mme. snd the dismeter lexs than 1 mme
The uterine horns are short when not more thasn 25 mme in

lengzthe

Juveniles., Juvsnile females were {irat found in
colleetlions on day 50, 19486, One female, welighing 75 gme,

a3 collectedes The vaginal opsning was closed and ths

uterine horns small snd short in this anlmels Little



89

’r‘{i ‘_: E;x_ 'w

SMARY BY AGE GROUPS AS DETEE
NI SR
GoTPNVITY O THE

e e g B b e e e e S L AN
Vaginel
aperture

o
a}"&v&
J

A2 3B : Q

25y
o
R
]
&)
L

1z 1

A 16 30& 7 . 1 5

Gy
g &
M in
BN B @
o

A 13 432 12 )




20

changse was observed uwntll in July, at vwhieh time, the uterl
of half the Juveniles had lengtbened snd Lesome thresd-like.
The uteri of the reasining hslf were short (Table Vi), Ho

evidence tnat Jjuveniles sypproanch estrus could be obzerveds

Yeariings. Yesrling femeles {(3pring Stsge IIL} were
Lirst found In coslilestions In Marshe &dult fomeles wore not

collected untll april.

Table VI shows that, although the wvaglne was clossed
in yearlings =hich wers teken In ¥arsch, the ubteruas waa

awollene

During &pril the wveglinae wes open in 7 and eslosed in @
snimalse, Of those having a closed vaglinas the uteruvs was
swollen in 6, short in 1, and in between short and avollen in
Z instaneces. The lstier are included mmong the individusls
#wlth swollen ubteri althoughy possibly, they would not heve
attained the larpger aize of the swollen ones, A1l mt ons
of the snissls with clesed vapinas were collegted before the
15th of the monthe The reunsining snimel wes teken »pril P0.
Of sevan anlasls having an open wagzins, § {(insiuding ons
with ﬁ sopulation plug) wers cregnsnt and the uterus was
swollen in the other 2. #11 pregnant anlmals, aXxospt the
one with the ecopulstion plug which was teken ~pril 10,

were oollscated after April P2e 0One of the £ anianls with
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swollen uterl waz taksn onr Aprll 13 and thes oblher on April 26

Of the four yeéarling femsles exsminad in day, 2 hsd
closed vaginas and thread-1l1lke uteri. The 4th was perous

and the vagina was opens

in June, conditions slimilsy to thoze found In M¥ry
wore observed except thst thie uterus of thse sinzle parous
fomale in June was much samaller {almost thresdelike) than

that of the one in ¥aya

Ly July the vsgine waa closed and the uterus thresde
like in a3l yearlings examined.

Tuble VI sbhorg thet 7 of twenty-eipht (one in four)
vearling femsles breed. It is possible that more attsin
estrus but 4o go after the testes of ths males have regrassed
snd sonseguently, they are not bred, 7 hether this iz s0 wmay
e shown by & more Iintenalve study of the resroductive orgens

i the fenslese

Adultse Of thirtesn adults examined in spril,; =il
exse:t one (Stage IV) had opsn veglnas. Nine of these were
pregnunt. The uterus was swollen in the remaining 4 (include-
ing the snimal =ith the clozed vaglnale The lstier unlmals
were taken before April 10s The [lirst adult in which imglente

ation sites could De seen was collectsd on April 10, Sines



thls was brue, zopulzilon musi buave oecourrsazd seversl devys

srevicua o this dates

by May, pasrituritlion had ocseurred In all adult females
execept 2o Of these Z, one wias pregnant with largs embryos,
end ths vagine was open and the uterus swollen In the others
The pregnant animal wes examined on May 3 and orobably would
have given birth within a few dsyse. The other probesbly would

not have produced wyoung during the present yenra

The vaginal opening was slosed in 1 of four parous
famales taken in June, The uterl of sll four feamsles showed

plagcental scarse

By July, the vaginal opening was clesed in 4 of five

parous sdult females {Table VI).

Table VI shows thet 3¢ of forty-ons adult females bred
during 1946 snd 1847, Of the remaining animsls 4; snd posai-
biy all 5, might hzve bred.

Sumtaryes cuvenliles first appesr in collections the
last of Maye 4t thils tinme thelr vaglnal openings asre closed
and thelr uterl short and smalle Little chunge could be
cbasrved In the size of thelr uteri during the remsinder of

the sumnere
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Tesrlings exmerged Lyom hibernation In Herch, Their
vazinsl openings were closed and the uterl ssollen. In
April, the vegine weg open in aporoximstely one-hwlf of
the snianlse. The uterus was swollen in 10 of sixtesn sniusls.
Of five animsle colliectsd bebween April £3 znd Y9 4 were
pregnants The vagine was open snd the uterus swollen in
the {1fth. Appnrently, about 3 of four y&a@iiﬁg fenales
bred during 18%4c and 1947,

Table VI indiortes thet adult famules were in bﬁ@@ding
gondition at the tims they anerged from hibernstion, whereunse,
yorrlinga were delayed, The major part of eopulstion probably

took plaece between April 1 and 18

The {irst pregnant female wse taken on April 10 snd
the {irat sost-partum femsle on %m? Je In one yvearling
fsmale, trapped in the field and kept in the lsboratary,
parturition cccurred &5 deys and 4 hours sfter she hed been
gapburede An éxsminstion at the tlms of espbure revealed

ne evidange of recent copulstion.

Thirty-six of 41 adult females were sregrnant or parous
and 4 of the remsining flve might have beoome gregnent had

they not been killed so garly in the sessohe
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A study of 483 Coluablan ground sguirrsls (239 acleg
and ©£4 femsles) taken in the vielnity of Minsoulsy, Hontansy
between 1947 and 1947 lesds teo thae following conclusiona

le There was & sex ratic of 515 ¥ femnlea to 485 ¥

malese
o A wnsma e ooras srwnesie o 2 &, Berarrari T nae ey Tvaoven et
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adulis, bused upon tooth wsar; closurs of the parietels
frontal suture, body welight; snd fusion of ths epiphysis
to the disphysia of the femr, oan be dlatinguished,.

Se vhen considered by month and within the verious ags
groups,; msles conslstently welpgh more than faunales.

4e Thie s8ize snd sonditlon of the male reproductive
treet I8 closesly covrrelated vwilth the Indlanted zgs of the
animels, &syeclally during ¥erch, Anril, snd Haye

5 Juvenlles lesve thelr nest and spserr above ground
when about 50 dava of agee. Thelr resroduetive traets are
anall and, except for the vas deforeng, show 1littles change
dguring the summer, dpermatogenle seotivity in the testesn
doss not progress Leyond the spermutoponisl stage during the
firast suwmmer of the fuvenile life.

Be Yearling melss smerge froa hibsrnation eoariy in
Aprile Thelr reproductive trnots have abisined maximal
size for the current years Ho lumen and no s.armatids vers

found in paired testes welpghing less than 1000 mRe
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spermstogeneglis 414 not progrsss h@ygnﬁ the spermatid stsge
in the majority of yearlings. Hegreasion of tha reprodustive
trauet comuences in 2pri) andy, by the Istter cart of Hay, L8
a0 comoelete thai the treet 1z Indlstinguishable Tfrom those

of ths fuvenilesg. Jossibly no yvaarling melea reseh breeding
gontitions

Te #dult males amerge {rom hibernstion 1 or 2 weeks
ahesd of wvearling males. The reproductive trngts of the
adults are maxlmel in size snd sctivitye 7The teates sre
turgid and serotale 41l stzagsas of sperastogenesls are
sraegsoente Hegression of the tract comuances soon after the
animsls have eamsrged Irom hibernation end is complete by
the end ol ¥Have

Be & high eoceflficlent of sorrelstion was {ound to
oxist wetween testes snd epldidymls weights (r,, ~ +8585).

9 Yearling fensles were first esllected in Marche
About 1 in four vesrling femsles Dred In 1048 and 10947,
Yearling femsles probebly do not reseh o conditlon of estrus
until after the majfority of adnlt fenmalas have copulatade

10, 4dult fomsles were [irst eollected in April. The
majority are probably in astrus upon emsrging from hibeye-
netions %o a gresnt sxtent, copulation aceurred Letween
April 1 snd 18e. 0Of forty-one aiult femsles collected during

Y46 and 1947, 30 were .regnant or sercuse
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PLATE IV

Adult Yearling

REPRODUCTIVE TRACTS FROM ADULT AND YEARLING MALE
CPLUMBIANUS WHICH WERE TAKEN DURING THE PERIOD THS
TRACTS WERE REGRESSING. (mag. x -|)

The organs are in their normal relationships
except for the penis which has been stretched out,
and one seminal vesicle which has been partially
dissected to show the coarse tubular nature.

Key to figure 16

G., bulbo gland Pi*»> prostate

U., bulbo urethra S.V., seminal vesicle
a.E., caudal epididymis T., testis

E., caput epididymis U., ureter

., kidne”r V.D., vas deferens
.U., muscular urethra V.U., vesica urinaria
., penis

wmEROQOW
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PLaTE V
Explsnstlon of {igures

241 Ligures on Plastes ¥ through X magified x 26és

17 rortion of testls of juvenile, No. 387 trken May 3C,
148 This sninal welghed 80 gme and was the smallest male

colliscbtads 4 Jtage 1 anloslg

13 Fortion of testlis of a Juvenile, Ho. 396 tazken June £0,
loéve The condition is typlesl of juvenilie testes from this

time untlil sstivotion ocourss & Stage I animel,

18 Zortlcon of eaput epididynls of Yo, 387, Hote that
intertubular tissue forms s considersble portion of the

sieturee

20 rortion of caput eplididynis of s Iuvenlile, Noe 4285
tazen July 21, 1946, Compgare wvith fige 19. Hote lightly
stained rren bBetveen epithelisl muelel snd the brsenment

aeabrangs & Stage Il snimele
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PLATE V



103 PLATE VI

Explunation of Lfligures

21 Vas deferens of animal)l Hoe 28B7¢ The lumeon ig small snd
the nuclel of the epithelium fall to show the pseundostratified
oonditlon shileh is evident in the vaa deferens of more meiure

anlinclses

22 vVas deferens of jJuvenile Hoe 399, Lakten Juns 20, 1946,
fiote the general incresse in size over filge Fle 4 3tage I

animasle

“&% VYas deflerens of jJuvenlile Hoe 447, Bnlen August &, 1940e
Hote general decrease In size as compared with {ige 21 snd
Z8e although smeller than Llge £1, more speclializstion is
ahown in the wore fully developed lumen snd In the arrsige-

ment of the epithelial nuclel, 4 3tage II sniasle

24 fPortion of testls from & yesrling Hoe U2, taken spril 3y
1%40e Humerous primsry and segondary a ermstocvtes sre
evident but no spormatozoas. Compsre with flze 1Ye 4 Stegs

I11 snizmaele
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PLATE VI
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I
PheiTH WIX

hxsisnation of figures

25 Portien of regressing teatlis of weurling YHge 178, taken
Moy 24, 1946e Huclel with olumped chromstin (L.C.) are
asvident as well av cells with dspkly staining ¢vtoplasn
{UaBSele Hote the Iuvenile sppearancz of thae @ms Jority of

saminiferous tubuleds & Stamge IV anlmele

=6 Portlion of esput e01didynis of vearling Hoe 2893, taken
April S, 1946e The tubules are much largser than they were
g8 the tiae the Juveniles esblivrted. Uompare with {ize P06

& Stage IL1I aniasle

27 Porticn of regressed esput apnldidyamis of & verrling
Hpe 34, talrean Yay 30; 1946e Hote simlliarity betwesn this

Lipnre and £lge 20. 4 3tage 111 animal,

28 hnlsrgod vas deferens of yvearling lice Z8lhs dpecializa-~
tion i3 shown by the presence of ¢ills and in the
psendostratification of the spithelisl nuclels. The
pseudostratification ia more evlident than in previousliy

discussed grounde
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PLATE VIII

Rzplanation of figures
29 Regressed vaas deferens of vearling Noe. 484, tsken August
&y, 1946e Compare with [lge 28 snd note the axtrexe reductlion

in size. Alao nots the luvenlle sppesrancss & Stuge V

animnly

A0 3sminiferous tubulea fron sn sdult Ho. 456, tsken on ¥arch
18, 1947 411 atapes of spermatogensais sre found although
mabture sperm appear 2ore sbundant around the Lirat of Agrilg'

Hote paucity of interatitiesl tissue, 4 3tage V snimsl,

3l rortion of regresse’ testis from an sdull Hoe I85,; tsken
Auy 30, 1¥4te A Tew nuclsl with clumped chrometin are present.

dote Juvenlile apjsenrunces.s 4 3tnge VI animele

32 Tubules of caput epldideals of sn adult Hoe 458. NHote
sperantozos pucked tubuless, Eplthellws iz hirh colusmar
and 1ts muglsl sre regolarly nperanged at the Loase of the
cellse lHots ecomwaratlively ansll smount of intertudlular

tissuse, Compare with fig. 18 snd 26,
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PLATE IX

Explamatlion of flpurss

33 Jorbtion of regresszed casut spldidymis from an aduld

Hoe 385s Hote the Lightly stained ares bebtween ths epithelilsl
nueclel sad the baseasnt membrane. & simllsr condliion wsa
noted in the regresssd epldidymides of yearilngse ULoapare

with fige. 20 and 27

34 V¥as deferens of sn adult Yoo 4858s Infoldiag of epithelives

Largely dlgsppesrs upon arrival of speramstozos Into the tubes

35 Regroszed vas dofaerens of an ednlt Ho. 273, taken Hawy 19,

18%4ie Conpare with figure 4. & Stage ¥ animel,

“&  rortion of seminal vealcle of sdult Noe. 456, Larzge
tubules are Tilled with secretlion, and intsrtubular tlasuve

is relatively seuntye
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PLATE X
Explanation of figures
37T iPortion of seninal venlols of yearling Ho. 465, tairen

April 264 1947 Compere with Tigure 38, Hots smaell
smonnt of interstitisl

tubules and comparastive lerge

tisaues
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