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Theodore Fred Whitmoyer

Al ABSTRACT

To enalyse growth of young voles, lZlcrotus pennsvlvenicus,

according to recognized statistical vprocedures, adult enimals
were bred in cepntivity under laboratory conditions. Females
were lcolated when pvregnancy was observed so that the young
could be welghed and measured. A total of 320 young animals
representing 59 litters were marked at birth and individual
records were maintained from which instantaneous growth rates
were computed. Statistical enalyses of these rates were
made. Some of the young and mothers were subjected to
varlous experimental treatments by exchanging half of the
offspring between two litters and imposing two different
disturbance levels on each (disturbed every two days or
every seven days) by handling in measuring and weighing.

Since instantaneous rates of growth were calculated
for each individuel animal, variability could be used as a
statistical tool. Analysis of the data revealed the follow-
ing information:

(1) No statistical differences were shown to exist
between instantaneous growth rates of males and females
during the first four weeks of cge.

(2) Large amounts of variation prevent reliable
estimates of age by welght criteria.

(3) Yo distinct growth periods were found during at

least the first three weelts of growth when analyzed from
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day-to-day individual instentaneous growth rates,

(4) Althougch animzls within any riven litter were
consistent in thelr rate of growth, the litter's averare
rate fluctuated durlng the first three weelks, and a dif-
ference was readily ildentified between litters for short
perlods,

(5) Growth rates of various litters differ so that a
significant difference 1s showvn to exlst from week to weelk,
tut for the over all period no differences between litters
were shown,

(6) 1Influencing factors other then heredity, degree
of disturbance, parent history, size of litter, and month
of birth affect growth rates of young llicrotus. These
factors may represent climetic factors of the immediate
environment, but were not identified 1n thils study.

Sex recognition after the first weelz by means of ex-
ternal linear measurements was statlistically valldated.
Other external measurements revealed no differences between
sexes for length of tail or hind foot to three weeks of age
2t vhich time 51 per cent of the average adult tail length
and 89 per cent of the average a2dult hind foot lensth was
attained. ZEar pinnze of 211 animals unfolded by the fifth
day and 211 animals had at leacst one eye open by the eleventh
day.

The study poses several interesting protlems with
regard to growth rate and heredity, environment, and

speciation.
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I. INKTRODUCTION

A, Problem 2nd OCbjectives

Interesting accounts of growth and development of
several microtine svecles have heretofore been publiched,
but with little uce of statistical devices to express the
variability observed, In the present study, animals were
bred in the leboratory to obtaln information concerning
at least the minimum apount of variabllity which might be
found in such characteristics as change 1n weight, external
linear measurements, secondary sexual characters, and also
that variability of growth resulting from the disturbance
encountered in obtaining the data., It is expected that

grecter varlabllity may occur in natural populations.

B. Revicw of Litercture

In literature dealing with the reproductlon of small
rocents there 1s little uce of cstetistical tcocols in studying
varlability cof growth rate within a tastonomic unit. Gates
(1925), Svinhla (1932, 1934, and 1936), and lcCabe (1950),
all working with Peromyscus, point out interspecific and
intersubspecific differences in growth rates, weicht, and
litter size, but say little about variation within snecies
or subspecles discussed., Among others, Parkes (1926) and

Retzloff (1939) have studied growth of the white mouse



relative to litter size, ond Rebasa (1952) reported veria-
tion in growth rate in older white rats in relation tc
number per cace and temperature. Morrison, et al. (1954)
has tabuloted a sketchy compericon between several snecles
of Peromyscus and [licrotus, as well as 2 specles cf

Clethriononys and Dicrostonyx.

Studies of csevercl specles of llicrotus can be chaoracter-
ized according to content of (a) populetion dynamics --
Leslie and Rancon (1940), (b) lebora uory technicues and
studlies -- Beler (1922), Pailey (1949), h«rr*n -ton (1035),
Greenwald (1956 ), Eclke ond Kinney (1956), and Rensom (1€ )4),
and (c) field or noturcl history studies -- Dalley (1924),
Bodenheimer (1949), Cow an and Arscnault (1054), Hatt (1930),
Hamilton (1937 and 1941), Hatfield (1935), Howell (1924),
Goin (1943), Berbehenn (1955), ard Jameson (1947). Of these
vapers, anatomical voriation is dealt with meinly by Eowell
(1924) and Goin (1943). 1In literature of the genus !licrotus,
complete d2lly growth data ies found only in emilton's

(1937 2nd 1941) work on l§. pennsylvenicus, that of Cowen

end Arsencult (1954) on L. coregoni, and that of Hatfield

(1935) on iI. californicus, although ro thorourh statistical

examination of varicbility is made in any of thece. Darbehenn
(1955) hos showvmn thet "differential growth and size of
individuvals 1s rnot recdily attributed to scils, weather, or
forage composition" in the field, but no information is

given showing variability ir cdoily crowth rates, nor do

Howell (1924) ard Goin (1943) inclucde thece valucble data,



It remains that only Cowan and Arsencult (1954)
have macde uce of instontanecus rates which nmay so eacily
be uced for comparing relative growth in different ponula-
tions., Brody's monumental work (1945) reviews the theory
behind instantanecus rates of growth (Chepter 16), and an
Interesting dilscussion of the rore elementary mathematical
concents involved may be found in Granville (1946, pn. 65,
and 168-171). A simplification of Brody's formula (poge

InW, - In W

508) k = 1l for uce with electric colculator
to - tp

and slide rule ray be expressed by the mathematical equivalent:

1 (Wz) .
k = 1n () =
Wy
where k = daily instantaneous rate of groirth,
Wo
—£ = ratio of the surviving proportion of weichts,
t = tine intervel in deys between observations.

For invalucble aid in the uce of other statistical concepts,
reference is made to Ostle (1654) and Snedecor (1546).
Burt (1954) is used here as the avthority for taxononile
ldertification of the specles of IZicrotus fcound in Ilichicong
the came book containg a valuable discuselon of linecr
measuring technicues (poge 34).

In more recent pepers, Greenwcld (1956) has studied

.

reproduction of lllcrotus californicucs, and Ecle and Kinney

(1956) have sought to age Microtus pennsylvanicus from

seventeen to sixty doys of age by using age-molt correlation.



Herrington (1955) has criticilzed the uce of external linear
measurenents in aging youns lllcrotus, and sugrests that
bore clearing and stalning technlques are valld for ceter-
nining the age, the metlhiod being reasonably accurate to

the day for the first two weelrs, to the weelr for the first
two months, and to the month for the thiird end fourth
months, This latter metliod of course, 1s, as yet, of no

use in fleld investigation.



II. MATZERIALS AID METEODS

A. BEreeding Stock

Wild voles, meles and pregnent females, were brought
to the lgboratory from a field study at E=st Lansing,
Michigan, durlng September ard October, 1955. liost of these
animals previously hed been captured and narked by toe
clivping. Offs»ring of the earlier litters from the wild
enimals were 2lso used for breeding.

Matings were made between avallable females and
several males chosen for signs of sexual activity, using
up to elght ferales with one male. Thls schedule produced
numerous litters, but does not allow ready analysis of

genetical factors of growth.

B. Leboratory Methods

Food and water were continuously avallable to the
captive animals., Weter was adminlstered by the ucual an-
nealed-end glass tute and inverted bottle, the distance
of the tubve end from the cage litter being varied as the
young animals grew. Fresn food was administered daily and
inclucded ccrn and rolled oats with fresh carrots and
quantities of lettuce trimmings. This lettuce was consuned
in quantity by the rice, and was used not only for food and

water, but also 2s nesting material, While long grasces



seemed to be preferred for nesting materlal during the
epring, the greater number of litters were ralsed during
the winter 1n the damp nests of decaying lettuce where
rearing success was high.,

Two types of cages, larger and smaller, were uced,
Actlive breeding occurred when five to eirht females were
placed with one adult male in a rather large area. An old
aguarium nmeasuring 43 x 20 x 23 inches and several porcelain-
ized metal tanlis measuring 29.5 x 22 x 15 inches were used
for such breeding and for holding excess animals, Animals
to ve 1solated for nursing, for verious experiments, and for
duration of pregnancy were placed in 12 x 12 x 12 inch_gal-
vanized metal cages, equlpped with removatrle wire tovs.,

These cages were randomly placed in four tlers of four cages
each on movable metal raclis, The cage floor was blanketed
with two inches of coarse sawdust and fine wood chips through
which, to a linited extent, the captive lilcrotus were able

to burrow,.

All animals were maintained in a basement laroratory
except for one breeding enclosure which was located in an
office for clocser observation. The basement laboratory was
open to outside ventilatlion throughout each day. Illo tempera-
ture records were kept; the ordinary temperature was about
70° F, with extremes of perhops 50° F, to 75° F. The
animals were i1lluminoted for at least 16 hours daily, fol-

lovwing findings of Ransom and Daker (1932).



C. Icdentificotion and lcosurements

Individuals of each litter were 1icdentified shortly
after birth by branding one or rore cuarters with 2 hot bent
dissecting ne=dle., Tumbers given at tals time ranged from
one to eisht (see Fig. 1), and served only to icdentify the
animal witihaln the litter, It wos ascumed tihict no impairment
to growth resulted from t':1s treatment. As the fur lenépened,
it was removed with esclcsors locally, down to the branding
scar, Wienever 1ldentification was questlonable, thaot animal
was not inclucded in csubsequent data. After the seccnd week,
a numpver of arnimals, mostly females, were more permanently
marked by toe clivping (see Fig. 2).

llotes were made relative to certain qualitative
items such as unfolding of ear pinnae, opening of eyes, and
other characteristics not discucssed here,

Linear measurecnents used were thoce of tail lencth,
hind foot length, and the distance between the anterior
border of the anus and the posterior trunk of the urinary
vapilla, All measurements were mede on live animeols without
anesthetic, using a wooden metric graduated ruvle and fol-
lowing Burt (1954). Animals were weished on a trinle beam
valence to the rearest cne-tenth gran.

Whaile meny records were nade of tiie time of rmeasuring,
the exact hour of parturition wos seldom known, and tlus
twenty-four hour accuracy in arse deternination was tlie basls

of ccmnutation., VWith some deportures, noct measurcrents were



Figure 1
Diagron to show method of marking
infents of & litter by means of a hot

bent dissecting needle,



Figure 1



Fisure 2
Method used for numbering olcer
individuals by means of toe clinping.
(Feet sli~htly enlarced for detail.)
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made between 7 P.M. and 1:320 A.ll,

The litter to Dbe neasured was first 1solated from
the motler and vpnlaced in a small pan lined with a folded
cloth. The parent was then reacsurcd and weiched 1in a
ventilated alwiinum cup with a s»ring top end renlaced in
the cage., Ioch juvenile wes measured and weighed on the
open vlatform of tihie balance, wi.ich was warned by a 100-watt
lamp placed a2bout 10 inches awey. After the young were two
weelrs old it was necessary to confine them in the aluminum
cup for weiching.

Rate of grourth 1s here discucssed in terms of in-
stantaneous rates, stated on a daily basls, as dlcscussed
by Brody (1945) and ucsed by Cowan and Arsenault (1955).
From the original welght data, instantaneous rates of crowth
were calculated b~ simultaneous use of an electrlic calculator
and a log-log slicde rule., The ratio of the change of weight
was performed on the calculator to three decimal plcoces.,
The natural logeritim of thls quotient was then obtalned
from the scales of the slide rule and divided by the number
of daye in the period to put it on a daily basis., The
facllity of the method as compared to the uce of tables re-
cormends its use to blologists, many of whom may not be
famllier with the advantages cof the log-log slide rule.

The nidpoint classes were arbitrarily chosen to al-
low the grouping of a number of individual records based
upon slirhtly cifferent times of measurement. In general,

each midpoint class contains only those observations wiich
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assure a strong central tendency about the nmicdpoint.
Arbltrary rulcs were set up to govern the grouping of data,
for example, with a growth rote having a midpoint calculated
a2t the sixteenth day of age, it would Te grcuped in midnoint

class ten.,

D. Espcerinental Treatnents

To study the pocsitle effects of (2) dividing of a
litter between two parents and the inclucslon of another
animel's youns in a litter, (b) the freguent disturbance
incidental to measuring the young animals, and (c¢) the
animals nursed by a focter motler compared to those nursed
by their owvm motier, each litter or part of litter raised
in coptivity was enrolled in one of the following experi-
mental categoriess

(1) Split, disturbed, own mother

(2) Splitf disturbed, foster nother

(3) Split, not disturbed, ovm mother

(4) Split, not disturbed, foster mother

(5) Not s»lit, disturbed, own mother

(6) Mot split, disturbed, foster mother

(7) Yot split, not disturbed, own mother

(8) ot split, not disturbed, foster mother.

(a) The Split category desirnates litters which in-
cluded a number of animals, usuelly half of the total litter
nunber, interchanged with another litter. To all appearances,

sucn transfers were readlily accepnted by the females and were
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carried out with no more than normal fatality of young.
Whenever possible, such transfers were accomnlished during
the firet three days followinz birth, and Ttetween litters
btorn within two days of each other, The liot Split catercry
desicnates those litters contalning only offspring of one
parent. VWhen a litter was split, aninals were chosen for
transfer to a foster parent or retention with the true parent
according to coin-tossing or a tavle-of-random-numbers pro-
cedure,

(b) Thoce litters cf the Dicturbed clacssification
were "dilsturbed" by handling a2t least every other day during
the first three weeks after birth, and thoce in the ot
Disturbed category were hancdled only at seven-day intervals,
No doubt all litters were also disturbed to some degree
incidental to the dally feeding eschedule,

(c) Ovm liotker vorsus Foster Mother refers to the

parent rursing the animels. "Own" animals were raiced by
the true parent, and "Foster" animals were ralsed by a

foster nparent.



ITI. AXALY3IS OI RPESULTS

A. Veirht vs Aze Crowth Curves

Daily mean welihts for botiy cexes combined are showm
in Fisure 3, plotted on a2 linear scale along with one and
two standard deviations on either side of the mean. Assuming
a normal distripution, the outside curves (two standerd
deviations) incluce 99 per cent of enimels, whille the ins;de
curves (one standard ceviation) include about 66 per cent,
In attempting to age 2 youns carimel of ltnovm weirsht, one
would read across horlzontally frcem the weighit on the
orcinete scale, only to find a wilde range of corresponding
ages, This variability, as observed in the laboratory,
sugcests a poor fileld relationship in Judging age from weight,
condemning use of weight as nore thian a general criterion in
aging. Although Cowan and Arsenault (1954), incicated a
cloce correlation between weight and age un to tiirty-two
days after birth for 4. oregoni, the present study indlcates

that the varlebility reduces the usefulness of this fact

for M. pennsylvonicus.

Dally welrhts of males and females Rave been combined
above because statlistical examination failed to reveal sub-
stantial differences. The Ficsher "t" test, compering the
dally mean wel~hts between males and females, choi's no

statistically significant &ifference (based upon the 5 per cent



Fisure 3
lMean weichts of imales and ferales
conbined (circles) with one and tw
standard deviatlons on ecch side ot the

mean, plotted on & linecr scale,
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level of significance) up to the twenty-eichth dey, exclud-
ing the twenty-sixth éay, when for reasons not clear, the
difrerence 1s very hichly sicnificant (based on the 1/10 of
1 per cent level of significance). In general, the lumping
of data from both sexes for an overall daily mean for the

first tiree weelrs of age is valicdoted ©
g

]
<
'._h
)
(_L
(o)
9]
ct
L[]

B. Instontonecus Rete of Growth

The values for incividual instentaneous rates of
change in welght are siiown cevarately for each sex in Firure
4, One standard deviation is plotted on elther side of each
mean &s8 an indication of the variablility. Tor none of the
time periods shown 1s there 2 significant difference between
the means of the two sexes. As previously explained, the
midpoint classes were set up to accommodate for the fact that
not all the calculated growth rates were related to exactly
the same periods of time. A cursory examination of this
filgure sugesests that the mean of individual instantaneous
rates of growth varies about 2 value of 0.100 for the
first fourteen days, followed by a trancsition on the six-
teenth day, after vhich a gradual reduction results in a
value of about 0.015 by the thirty-second day. There 1s
little apparent difference in the varizbility exhibited by
either sex, but there 1s a sugppgestion of reduced variablility
with increase in age,

A closer analysis shows that there is statistically

a highly significant difference (at the one per cent level



Figure 4
Mean Instantaneous rate of growth
of 117 nmales (solid 1line) and 90 fenales
(broken line) plotted according to mid-
voint classes, with one standard deviation
on elther side as an exprecscicn of the
variebility. (Solid tars reprecsent nmale

stancdard cevieations, open bars female

standerd deviations.)
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of significance) between the overall mean of the first nine
nidpoint clesses (first fourteen days) and the overall mean
of the tenth to twelfth midvoint classes (sixteenth to
twenty-third day), toth using combined data of males on
females., Analysis of variance tests also show »ighly sig-
nificant differences within each group of midpoint classes,
though 1t nuct be recalled that the reliabllity of such a
test 1s questionable because of non-uniform variances and
non-independence of data., The trancition period represented
by midpoint class ten (sixteenth to seventeenth dey) may
be inclucded in either group or onltted entirely without
2ltering results of the analysis.,
The mean instantaneous rate of growth may be calculated
in two different ways for any veriod.
(1) By avereging the rates of rrowth calculoted
separately for individual enimals, as xo.s been
done in the present study; and
(2) By calculatin~ 2 rote from the change in meen
welscht of 2 number of animals, as one nust do
whien only mean welghts are zvailable,
To determine wliether values obtoined bty the two methods
mi~ht be comnpnered, in the present cstudy, ‘eleven mean
values corresponding the Tirst eleven midpnoint classes
(first ninetecen deys) were calculated both ways. The
mean difference (and standard error) calculated 2s method
(2) value minus method (1) value wes .008 % ,008; with
ten degrees of frecdom, furniches no evidence arcinct a

direct comprcrison of cdate obtained by tiie two methwods.

Subsequent calculations are vased upon the indivicdual rates



]
(s}

of growth because 1t glves information cbout veriability
of rrowth. A "t" test also shows ro sirnificant difference
between delly dota and data compnuted from cocdings into mid-
point classes, hence all calculations are accordings tc the
latter grouping.

Flpure 5 shows the neon weight, becth cexes combired,
vlotted on a semilegarithm scale for the first four weeks,
The slope of the line, renresenting the instantaneous rcte
of growth (see Prody, 1945, p. 517-518), ap»roximates &
straizht line for short neriods, and thus mey inply constent
rates; two periods are distingulcehed here, The rates of
growth bacsed upon tie trend of the average welcht growvth

curves have been c2lculated for the fircst nineteen days at

k 0.097, and for the nineteenth to twenty-elghth day at

k
ly a daily growth constant (k) and hove calculcoted this
value from meen weights of ferty-one young . oregoni.
The daily instantaneous rate of growth calculated in the
scme manner has been divided by them into four distinct

periods ag follows:

Days after Eirth k
1l to9 1617
10 to 19 .0630
20 to 29 .0328
30 to 38 .0190

Althoush the use of meon welghts for the calculation

of instentaneous rates of growth require lecs calculating,

0.043, Cowan and Arsenault (1954) have showvn rrophilcel-



Figure 5
Daily averare rote of growth for males
and females combined plotted on a cemi-
logarithmic scale. The solld red line
indlicates trhe slope of the line which roughly
represents the instantaneous rate of growth

(z). aninmals revresented).
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Filgure 5
Daily averarce roate of growth for meles
and females combined plotted on a csemi-
logarithmic scale. The solld red line
indicates the slope of the line which roughly
represents the instantaneous rate of growth

). | animals revresented).
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a serious linitation of this method is tiat there is no
estimate of varlablility, thus preventing a statistical
conparison of mean values.

Cowan and Arsenault (1954) surcest thet rotes cal-
culated from mean welght changes may revresent the rrowth
trend of a species or subspecies. TFigure 6 shows 2 comnarison
of the rates of rrouwth for three species of licrotus, the
rates calculated for chenges in mean weight drrins the
flrst eleven midpoint class periods.

The heavy black line 1s the instantanecus rate curve

for M. permsylvanicus of this study, calculated from means

of indivicdual rates of greowth, and the heavy red line
inéicates values derived from mean weight data, The two
lines agree well except for one point, where chance exclusion
of certain animals may have unduly altered the mean weights,
The differences observed between Hamilton (1937 and 1941) and
the present study, for animals of the same specles, may
indicate environnental or regional differences. For reasons
not clear, the rates during the first ten days are hicher

for all other studieg, while rates determined by the present
study are higher than all others after the tenth day. A
study of the growth of animals of several related species,

or of animals from stocks collected at several points within
the range of a single species, 2ll ralsed in the same

laboratory, would allow better understanding of thils problem.



Figure 6
llean instaentaneous rates of growth
calculated for severazl species of
lierotus from various authors, and
plotted according to midpoint clasces

of the present study.
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C. Emerinertol Treotncits o-d Zote of Crowth

Statlceticel aralyses of rate of growtih differences
were made in order to exarine (1) whether litters differ
in growth rate; (2) whether there are differences of growth
rate between successive litters of the same female parent,
and wnether there are consistent differences among nerents;
(3) whether there are differences in rrowth rete zccording
to size of rureing litter and month of birth; (&) whetaer
there are differences in litter overages between litters
concelved iIn the wild vercus litters from fenzles relcsed
and bred in captivity; (5) whether the varent and litter
effects are consistent over 2 three-week neriod; cnd (6)
whether there cre differences of growth rate caused by
disturbance or chenge to a foster varent. o separcte
analysis of inheritence hos been attempted. Excent for (1)
and (5) above, the analyses of variance use litter average
instantanecus rates of growth for the firest weelzr, the
averages beins based only upon thoce youns being reared by
thelr own mother.

(1) Vhen comparing the differences among litters
with the voriability of individuals within litters, hichly
significant differences are demonstrated (level of significance
beyond 1 per cent), see Table 1. It 1is apparent from this

test that there are far greater differences between litters

than would expect to find by chonce of sampling,
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TABIE 1
ATTATYSIS CF VARIAINCZ FOR AIIQNIG AU'D WITIHIN LITTZRS

Source of Veristion Derrces of Frecdom llean Scuore
Among litters 40 2625
Within litters 110 124

(2) Averocpe rates of growth for litters of the
eleven females wnich gave birth to and reared at least two
successive litters were exanmined in a further analyses of
variance, The variation among litter averages is broken
dowvn into (2) differences cnmong, the eleven parents with
regard to averace growth rate of their offsprins for the
first week, (b) the comparison of growth of the one litter
born in captivity versug the next consecutive litter (order
of litter), and (c) the interaction of parents with order
of litter, thic lacst beiny the estimate cof experimental error.
Ag shown 1n Tables 2 and 3 there are no epparent differences
at the Tlve per cent level of significance. Thus 1t is
evident from the above analysis that there are no evidences
of difference among these parents with regard to rate of
growth of thelr offspring during the first week and there is
no evidence for any consistent difference between successive
litters. Within the limits of the methods used, then,
there 1s no evidence that a continued veriod of captivity
of the mother influenced the rate of srowth of her offspring,
Table 2 indicates that there are several unusually nlgh
growth rates; these lack an exnlanation other than a possible

hereditary effect,
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TAELE 2
LITTER AVERAGE INSTANTAINEOUS RATE OF GROVTH FRCM ELZVEN
FEIALZES EACH VWITII TWO COIISZCUTIVE LITTZERS

Female Parent Litter Litter
Number "1" Average Growth Rote  "2" Averare Growth Rete
11 .104 .055
14 133 .101
15 .100 114
16 .121 .128
19 .092 .127
20 .100 116
21 .099 .079
24 .112 .069
29 112 .092
32 146 145
33 077 .116
TABLE 3

ANALYSIS OF VARIAINCE BETWZEEN TWO CONSECUTIVE LITTZRS CF TIE
SAME PARENT

Source of Variation Degrees of Freedom Mean Square
Total 21
Anmong Parents 10 676
Order of Litter 1l 133

Error Term 10 453
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(3) Because the growth rate of 2 litter rmicht be
sonewhat dependent upon the "experience" of a mother, and
because rate of rrowth of offspring rirht 2lso be influenced
a2s a wild animal becomes conditioned to a laboratory en-
viromment, the followins analysis compares the first week
average rate of growth of 4 litters conceived in the wild
environment and born in captivity with the growth rate of
second litters of the same females, bred in centivity. A
comparison of the 2bove with the first two litters of 5
females born and bred in captivity is also made. Information
from one "wild" parent was not uced becauce of heavy ecto-
parasite infestation and subsequent death of the young.

The analysis ehowed no significant differences in rate of
growtih between the flrst and second litters or Tetween wild

and ceptive-raised parents (see Tables 4 and 5),



TATLE 4
LITTZR AVERACE IUSTAI'TAIECUS RATE OF GROVTIH FCR T:iE TIRST
WZEX COMPARIIIG THE FIRST AI'D SECCI'D LITTERS CRCVI IN CAPTIVITY
OF WILD-CAUCHT AI'D CAPTIVE-RAISED PARTITS

Wild-caurht :
arent Ilumber ILitter 1 Litter 2

11 104 .055
19 .092 27
24 .112 .069
22 146 145

Captive-raised

Parent INuzber
15 .100 _ 114
20 .100 .116
21 .099 079
29 112 .092
33 077 116

TARLE 5

AFALYSIS CF VARIAI'CZ CF DATA FRCII TAZBIE

Source of Voriction Derrees of Freedonm I2in Scuare
Total 17

Poarents 8 .000709
Wild-caucht vs
captive-ralsed 1 .0C0147
Within caterory 7 .0007E9

Litters 1 .000046

Error (Parent x Litters 8 .000509




(4) The effect of menth of birth and cize of nursing
litter upon the rrovth rote was explored. The overall
average littier size froem fifty-nine litters born in ceptivity
was ©.4 youns per litter. Granhical enalysis failed to re-
veal any dictinet trend in averare instantaneous rate of
growvth for the first week when plotted accordins to litter
slze, nor cdicd there seem to te a trend in mumber nursing
vhen conmpared month-to-month. It was evident, however, that
few litters were born in the months of September, October,
end llovenber, presunably because cf experimental procedure,
nine litters being the total »nroduction for thece months.,
(See Teble 6) The five litters from lloverber were & result
of the adoption of an imnroved opreeding environment which
was then used during the last vmert of December and the en-
sulng months. For an analyesls, data from Sentember to Ilov-
enber vere grouned and compared with thore from Janucry,
Februery, and llorch. The size of rursinc litter wes grouped

into the catepories "five ond lesc" and "six ond nmore".

=

The analysie exanined the litter cvercge instantaneous rate
of crowth, for the first weelr, of only thoce arnimels which
were the offspring of the feniele nursing them. An analysis
of variance reveals no statistically sirnificaont differences

between litter sizes or between periods of birth (cee Tables

7 and 8).



TATIE 6

I'TLZER CF YOULG ITURSITG TIIAT SURVIVID TIE TIRET WiZK ACCCRDING

Yonth of Tirth

Septenber
Cctober
Ilovember
Decerber
January
February

lerch

TO IMCITH CI' ZIRTH

Number of Litters Crouped According to
Litter Sice Turcing
1 2 3 4 5 6 7 8
1 2
1
2 2 1

(ilo Arinels Ilated Prior to December 15th)
3 3 4 1

llote: Litter s

2t tirth hes been aurmented for exverimental

purnoses 1n many cases,

LITTER AVZRACE IS

J

TAELE 7

s

TAITAIZCUS RATZ CF GRCWIIH ACCCRDINIG TC IOITH

OF EIRTH AID SIZZ CF ITURSIIG LITTL

Size Group Sentember-llovenber Jenuery Februcry Ilierch

5 and less

6 and nore

.096 121 .108 .084
.107 .099 007 .076
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TAELE 8
L

ATALYSIS OF VARTAICE CF I'URSING LITTER SIZE AID MCITH CF ZTIRTH

Source of Veriotion Derrees of Freedenm Ileen Scuare
Litter cize 1 .C00112
Month cf birth catecory 3 .000333
Error 3 .000094

(5) If the variability in crowth rote during the
first weclkr after btirth prevents us from obtaining clecr
information concernins the fectors wnlch influence growth,
it may be that =2 better tool would be a lonrser period of
growth, The fellowlng analyses will be concerned with the
rate of growth cduring the first three wecks of age. These
weekly periods have been celected arbitrarily ard meon in-
stantaneous rates nhave been calculated for the three weeks
for 96 animals representing 30 litters.

The analysis of varlance uced here is a simpnle two-
factor aneclysis, the factors Tteing animels and weelrs, and

"animals"

the error term the interaction of the two. The term
1s further broken down into meaningful comparisons, namely
litters, and still further into parents and litters of the

same parents (see Teble 9).

(2) Between Litters. There are two possible tests

of differences between litters:
(1) First, one mey inouire as to vhether thece porticular
litters differ cmong themcelves in growth over the tiree

weeks, For thls tect we uce as an error term tie differences



20

between animels within the litters. In making this com-
varison, highly significant differences (F = 12.1%¢t 29, 66
degrees of freedom) are found. There is thus relizble
evidence that thecse litters differed over the entire ex-
veriment.

(2) Second, we may investigate the litter sverage
growth on the basis of how consistent the differences be-
tween litters remained when examined week-by-week, The

error term here is the interaction weeks x litters. This

test reveals no significant differences (F = 0.805 with
29, 58 degrees of freedom). This is a test of differences
between litters in general, viewlns the present litters as
samples of scme larger population of similer litters. 1In
conclusion, then, we do not have evidence of concsistent
Gifferences between litters.

(b) Zetween porerts. There eavnear to be no sirnificant

< ifferences among parents with regerd to growth rate of
Tlhelr young, using as a bacls of comparison the variation ob-
S erved between litters of the same porent (F = 0.865 at 22, 7
S egrees of freedom) for the total three week period.

(¢) BRetween litters of same varent. There is,

I owever, a highly significant difference between the groith
S T litters of the same parent when compared with growth of

#3
@ nimals within litters (F = 13.4 at 7, 66 degrees of freedom)

Tor the total three weeks of growth.

(d) Interaction: weeks x litters. Over the course

of the experiment, hich and significant interaction of weeks



wlith litters 1s observed when compared to the interaction:

weeks x 2nimels within litters.(F = 11.8, with 58,132 degrees

of freedom), This means that the litters followed different
growth trends from weelk to week. This hish interaction or
inconsistency was seen above, 1n the discussion of differences
tetween litters.

(e) eelis. In compering overall growth rate during
the first three wecks, it 1s obvious that there are sisnificent
differences wnen comporing elther with the interaction of
weelzs x animals (F = 83.53 or with the interaction of weeks

and litters (F = 30.3**)

« These differences are cxvlored
elsewvere in this paper,

The anparent inconsistency of stetements (a-1), (a-2),
and (d) above, reflect the fact that the different litters
fluctuated in rate of growth from time to time., Each mem-
ber of a litter seems to follow consistently the litter
fluctuation, and tihils agreement allows Tairly precise com-
parisons of several litters ot any varticuler age with the
concluslion that there aore significant differences vetween
litters at that age (a-1). Fowever, vhen viewed over the
entire veriod, litters fluctuate considerably from week to
veek, some crowing fastor one weelr, some cnother, Thece
differences may exhibit compencsatcry variations and are
found to be slignifilcant when anslysed by arbitrary tine
periods. Thece changes which occurred from week to wecek may
represent heredltary or environmental influences, 2 possible

environmentel influence telng day-to-deoy fluctuations in



the laboratory climate and schedule, Thatever the cauce,
it was not identified in tihice study.
It would eseem further that growth rates misht better
e calculated co that the time interval, ratler tlian teing
an arblirary chronolocical unit, would te coincicdent with
a particuiar physlological event in the 1life of the individual
concerned. The determination of such events micht grectly
21d a comparative ctudy of cpecies growth differences, cs

rell as settling landmoris useful in field studies.,



ATTALYSTIS CF VARIAITCE

Source of Veriction

Animals
Eetween litters
Between varents

Zetween litters of
same parent

Petween aninmals of
same litters

Weeks

Vleclts x animals
Weeks x litters

Weeks x animals of
cme litter

TABIE 9

33

FCR LITT:IRS, PARZIITS, AI'D W_.ZKS

Derrees of Freodom
95
29

22

66

58

122

Jlean Soucre

279.04
1043.55
1006.77

1163.43

86.61

39,230.00

L72.64
1207.64

110.14
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(6) Disturbance incicentzal to measuring the young
enimals appeared to be ore likely factor influenclng rate of
growth when this study was undertalken. To test whetlher such
disturbance was truly a factor affecting rate of crowth, and
to measure the effect, 1f poscsible, certailn exvveriments
vere set up. Severacl litters were subjected to 2 number of
experimental treatments, as described previously (p. 11).

In addition, a more precise experiment was devised to test
the effect of dlsturbance independent of that of heredity,
by means of a series of 2 x 2 Latin Souare desicns based
upon the exchange of members of two litters, keevling equzl
the rumber nursing each of the females,

The overall comparison of the effect of various
procedures (Tcble 10) has been made by an analysis of vari-
ance (Table 11). The experirental procedures 6 and 8
(see p. 11) were not reprecsented by a sufficiently lorge
semple, and are rot inclucded in Table 10, In comparing

the variation yithin litters with that 2mong litters, highly

significent differences are indicated (F = T7.04%"),

as has
been encountered before in this worlz, The comparison of

anong procedures with litters within procedures indicates

that there are fewer differences among the various procedures
than one would expect to find by chance (F = 0.31).

The effect of disturbance was examined more directly
by e serles of eix experiments, each of which was analyzed
ag 2 2 x 2 Latin Square, Each experiment consisted of two

females nursing equal-sized litters of young. lalf of
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TAELE 10
MEALT INSTANTAITZCUS RATES CF GRCWTH ALICNG THE VARIOCUS

EPZRIITIITAL PRCCEZDURES
llecn Instantane-

ous Rate
To. of Total Io. of of
Experinental Procedure Litters Cffspring Crowth
Split, Disturbed Own llother T 20 .100
S»nlit, Disturted Foster lother 10 18 .092
Split, lNot DPisturbed Owvm lother 6 14 094
Split, Yot Disturbed Foster
llother 8 16 .090
llot Split, Disturbted Own lotkher 15 63 .101
Mot Split, I'ot Disturbed Ovwm
Mother 11 49 .100

TAELE 11
AYALYSIS CF VARIAICE CF IIDIVIDUAL IISTANTATECUS GRCWTE RATES
ANICTG TH¥E VARICUS EXPIRINIITAL PROCEDURES

Socurce of Variation Degrees of Freedon lleon Sauare
Total 179
Anong litters 56 .001718
Anong procedures 5 .000558
Within procedures 51 .001831

Within Litters 123 .000244




the young born to each female were exchaoanged for h2lf of
the young of the other female, The one female and nixed
litter were then subjected every second day to disturbance
egulvalent to the hondling and measuring of the rarent and
the younz, while the other female ond litter were sinilerly
disturbed only once every 7 days. Symbolically, if A and
B represent the two ferales, and 2 ond b reespectively thelr

offsvring, then the 2 x 2 Latin Scuare is:

Raiced by Roised by
female A ferale B
(2ot Disturbed) Disturbed) Totol
Ralsed by own nother a b a+ b
Reised by foster mother 1o} a’ a’+ b’
Total a + Y d+b

vhere the comparison & + 2° versus b + b’ represents the
effect of pnarentage. Repetition of the exverimental desien
18 necessary because in anry single exnerinment the effect

of disturbonce is ccembined with thet of any difference
between femalcs with regord to cuality of core extencded the
young., This enlit litter procedure woes designed to allow
the reising of animals of cimiler hereditery backgrounds
under different levels of dlsturbonce, since hereditary
differences of the youns of different litters were cssunmed
to be imrortont. Thece exrerinents were nct desisned to
furnish equally rocd information on the effect unon growth
rete of hereditcry factors, or of the "nursing potentiol"

of the mother studled, althcurih such studles would be valuable,



The oricinal cete of thece experiments (Ta2ble 12)
are firest wesl cverage rroiwth rotes for half-litters. It
has been assuned that ony variation in growrth rete would be
found during the first weecl of are, ond that a lonz=zr period
nay well hide such variaticn br commencatory effects nre-
viously mentioned. IZiaminetion of the data chows that the
effect of dlsturborce cver all exnecriments was extrenely

small, as was &lso the effect of whether an arimal

IS

railsed by its own or bty o foster mother, Thece focts cre
reflected in the analysis of verlence (Table 13). There
avpears ro sisnificent cifferences between the cverege growth
rote of parts of litters reised by thelr own or by a foster
parent, nor is there evicent any difference between the
average growth rate of litters roilced under disturbed condi-
tions os compared with those raelced under the less disturbed
condltions. There is, however, evidence cf differences

enong the various experiments or repetitions of the Latin

Sauare (See Toble 13),



TAELE 12

CRIGIIT'AL DATA TRCII PZPZATZED 2 x 2 LATIT EQUARE ATALYSIS OF

TXZ EFF=CTS CF DISTURZAL
GROVTH FCR TIZE IIEST WikK OF HALF-LITTZRS

; AVZRATE II'S

mAsTm
TAITT

(Figure in

—-—da

theses 1g the number of animals in the half-litier.)

Parent Ilunkrer
Owm lother

Foster lother

Porent Number
Cwn Mother

Foster llother

Parent MNumber
Cim Ilother

Foster liother

Parent Number
Owvmn ilother

Foster lothier

Porent Mumber
Owvm llother

Foster llother

Parent INumber
Cwvm lother

Foster lother

137
.105
.101

132
077
L] 106

Disturbed

(3)
(3)

(3)
(4)

(2)
(1)

(3)
(3)

(3)
(4)

(2)
(3)

ot Diet

ATTECUS TATZS CF

paren-

vrbed

562
074
.070

563
.C39
.091

550
0145
115

571

.092
L] 106

(3)
(3)

(2)
(4)

(2)
(1)

(3)
(3)

(4)
(3)

(3)
(2)
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TASIE 13
ANALYSIS OF VARIANCE CCIZIXZED FROII DATA CF TIIE SIX 2 x 2
LATTIIN SQUARE EXPERINEIT

Source of Veriotion Derreces of Freecdon llecn Scuare
Total 23
Disturbance 1l 1
Exveriment 5 Q20
Owm vs Other 1 12
Parentare 6 101
Disturb x Experiment 5 145
Cvm x Exveriment 5 202
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lirear nmeasurenents =may well be Jdue to huran error,

Cnly abcut fifty-one ver cent cf the cveraze c2dult
tall lensth of 51.5 millimeters (Surt, 1954, baszd on the
midnoint of the range cof 33 to 65 mm.) 1s recched ot tiree
weelts of ace. Tre %toil growth curve (Fig. 8 ) shov's little

difference tetween sexes, tul verlcrility tends to 1lrcrecce

-t

1Ath ape, vperliaps because of increzsing measuring error in-
troduced 2s animals beocore more octive,

Fircure 9 sugrcests thot the overece odult hind feoot
length of 21.5 nillimeters (Zurt, 1954, bacsed con midpoint

of range gilven a2s 13 to 25 mm.) is nearly reacred (89 per



Flcure 7
Illustration to show measurenment
of the distonce between arus and
urinery napllla for trne early deter-
minatlion of sex in young liicrotus

pennsylvanicus. ireasurenent 1s about

five nillimeters on specimen shovm.)



Figure 7
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Firure 8
Chance of nean tail length with

increase of oge fer males (solid line)
and females (brolken line) with one
standerd deviation on ezch side of

e means s an indication of variability
(see text). Solid bar renresents nale
end open bar revresents the female

stendard deviations,
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Fiure 9

Charge in mean len~th of hind
foot :ith increcce in cre for nmoles
(5011d 1line)
line) with one standerd devizction
on ench silde ol the means ceg an
iniication of varicbility (see text).
So0lid bor revresents nale and open

bar renrccente femncle standard

deviations.
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cent) by the end of the first three weells. Tiere anrears
to be no distinct trend in the voariebility cs zge increases,
nor is there evident eny cignificant difference between
sexes concerning hind fcot development.

As previously mentionsd, the anus-urinery vopilla
measurenent was made in cn effort to cdetermire exzternally
the sex of young nice. Ilo statistically csicnificent ciffer-
ences between sexes were showvn by use of the "t" test until
the eirchth dary when a highly.significant difference (at the
1 per cent level) was indicated. Except for the ninth day
wnen the samnle silze was very small, each subsequent daily
exonination chowed a very hichly sipnificant difference
(1/10 of 1 per cent level of sirnificence) between mcle and
fermale measurements. Figure 10 graephilcally shows the trend
of growth of this charocter after the firct six days. It is
therefore evicent thot a statletical basls exlists for the
uce of this external measurement 1n cex determination of
young l‘icrotus after the firet veek, It should be noted thot
such determinction would e more usable when animales of the

same litter are comnared with each other.
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External cualitatlve charactericstics of the develop-
ing young Ilicrotus were studied with the hope thot they
mi-ht be uced to age young animcls in the field. Such traits
as the unfelding of the ear pinnae and the ovening of the

eyelids are easlly observed. Althoush the subject 1s not






Figure 10
Curve renresenting

increcce of the distonce petieen
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popilla of moles (sclid lire) axnd
fenales (brolen line). Cre stordord
Cevization on each cice of the

nmean represents thie varicrility.
S0lid bars dernote nale standard de-
viations, open bars denote female

estendard deviations.
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ursued h
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e, regular black and whlte photorraenhs may te

N -

readily uced for reccrding proportional charnges in bodly
parts (see Apverncdix 1 ), 2lthourh color and guzlity cof
the coat are probably best recorded by color photorrenhic
nethods.

In ro case were the observations of the animels
spaced more than two deys apart, therefore the doy of ear
pinnae unfolcing and the cday at which at leact cne erelid
13 senarated are subject to an extreme error cf two days,
with average error of less than one day. Trom Tables 14
and 15, it 1s observed that all anircals had eor pinnze un-

folded by the fifth cay, and 211 had at leacst one eye in use

by the eleventh doy.

TAZLE 14
ZRCIITACE CF ZICHTY-EIGHT ATINALS WITH EAR PIITAT UIIFCLTED

ZY¥Y DAY INDICATED

Percent Unfolding at Cumulative Percent

Davs after Eirth Inunber Dav Incdiceted of Total
1 18 20.53 20.5%
2 30 34,15 54,65
3 29 73.05 &7.65%
4 8 9.0% 96.6%
5 3 3.45 100.0%
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TAELE 15
PEZRCZIITAGE CF 123 ANIMALS VWITH AT LEAST OIZ ZVE CPZN EY
DAY IIDICATED

Percent Opening Cumulative Percent
Davyg after 2irth Nunmker at Day Incdicated of Total

7 3 2.4% 2.4
8 37 30.1% 32.5%
9 27 22.0% 54.5%
10 L5 36.65 91.1%

11 11 8.99 100.0%




IV. DISCUSSION

It i1s evident from thie study thet only general con- -
clucsions may be nade regarding the growth rocte of the meadow

vole, l'icrotus pennsylvanicus, as observed in the lzboratory.

Individual vorlaebility from environmental and hereditary
factors 1s high and tends to obscure nore sveclific and de-
tailed information. It is thought that such variability as
1s observed in the laboratory may be less than thet expect-
ed in the fileld, though thls statement 1s only ovinion until
tested.

The dey-to-day enalysls of the instantanecus crowth
rate has shown little statlstical baslis for accenting the
distinct growth veriods described by Brody (1945) and Cowan
and Arcenault (1954), nevertheless, it would scem thet rates
of growth calculated by physiological events in the 1life of
the animals rather than arbitrory time perlods may vrove of
Interest. The use of individuel rcother tihan group in-
stantaneous rates of crowth cllows the use of statlistical
tools, and supplies 1Information concerning variability.

It 1s seen that althourh there is much evidence for
differences between litters with regerd to growth rate over
short periods, there ceems to be & compensatory acction over
a2 longer period wihich tends to obscure the short-term
differences., Unexplained factors other than heredity, size

of 1litter, month of tirth, and degree of disturbance anpear
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to have influenced growth rate in this study.
Contrary tc the findings of Cowan and Arsenault
(1954), this study indicates that the agine of young lilcrotus

pennsylvanicus by weilght is subject to high error. It

may be that weicht combined with other information such as
linear measurerments and certain cualitative characters might
prove a useful tool in the field.

A statistlical besis hes been demonstrated for the
discrimination of sex in the young enimals by measurement
of the dlistance between the anus and the urinary pepllla,

The study has undoubtedly ralsed more questions and
problems than it has solved. Although the use of instan-
taneous rates of growth has shown its value in varlous com-
putations, it may be asked: fgtgrphysiological time interval
which would be of value in comparative growth studies? How
much valuable informetion concerning speciation and animal
distrivution may be obtalned from comparative growth studles?
How do growth tralts beccme inherited? 1Is there a threshold
of responce in regard to disturbance of a2 nother and the
growth of her young? Vhat environmental aspects affect
growth rate, and how? The 2bove are only a few of the

aquestions which are presented.



V. SUIIARY AID CCIICLUSICIS

(1) Animele were easily bred br includins o number
of femecles with one male in a2 larce cage., The transfer of
young lidcrotus to focter parentes was successfully accomplished.

(2) Yo staticticel differences were chown to erie
between instantaneocus growth rates of melesg aad females
durlng the filrst four weeclks of zge.

(3) Lerre amounts of variation prevent reliable
estimates of age by weight criteria,

(4) To daistinct growth periods were found dvring
at least the firct three weelrls of growth when enclyzed
from day-to-day individuel instantareous growth rates.

(5) Althouch animals within eny riven litter wvere
consistent in their raote of growth, the litter's average
rate fluctuated during the firest three weelis, and a dif-
ference was readily icdentifled between litters for short
periods,

(6) Growth rates of varlous litters differ so
that a significant difference is chown to exist from weeck
to week, tut for the over all period no differences be-
tween litters were shown.

(7) Influencing factors other than heredity, derree
of disturboence, perent history, size of litter, and month
of birth affect growth rates of young llicrotus. These

factors may revresent climetic factors of tie irmediate



environment, but were nct icentified in thils study.

(8) A cstatistical basis has been shown for distinguish-
ing sex aftecr the first week of age by the linear distance
tetween the bose of the urogernital cpening and the anterlor
torder of the anus,

(9) Avout fifty-one per cent of the cverace adult
tall lensth, and eighty-nine ner cent of the average acdult
hind foot length is attalned by the third week after birth
1n loboratory-raised animals, All of the animz2ls were
founc to hove their ear »ninnae unfolded by the fifth day,
and all of then had a2t leacst one eye open by the eleventh
caye

(10) Severzl interesting provlems have aricen from
this study. Any attemnt 2t a laboratory analysis of specific
and subsgpecific differences in crowth rate nust glve par-
ticuler attention to the control of envirommental conditions,
elther by control of laboratory ccnditions or by proper

experimental design.
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