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Factors influencing the tendency to be aggressive were investigated in maie house
mice using a series of paired encounters. Body size. body length, body temperature.
age, and anogenital distance were measured on all males. Paired encounters were con-
ducted using a standard mouse cage as an arena. Across 64 males invoived in 224

-t
encounters. the tendency to be dominant and win encounters was significantly corre-
lated only with anogenital distance 1r = 0.383). These findings suggest that there ure
significant behavioral effects in mule mice that could parallel the intrauterine posi-
tion and related prenatal hormone etfects that have been elucidated in femaie house
mice and other rodents. 1995 Wilev-Lisa. Inc.
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INTRODUCTION

Among mammals, aggression and reiated phenomena involving mating svstems, ac-
zess to food resources. and establishment and maintenance of living areas have been
studied 1n such diverse groups as unguiates [Clutton-Brock et al., 1982}, mongooses
‘Rasa. 1986). pinnipeds {Le Bouer, 1974: Renour. 1991]. and primates {Hall. 1964:
Zuckerman. 1981]. Rodents have been studied very extensively with regard 10 aggres-

ston [Scotrand Fredericson. 1931: Bamnett. 1963: Lagerspetz, 1964: Sachser and Prove.
1984: Siegel, 1985].
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Success in aggressive encounters, resuiting in differences in dominance statws., hag
Seen related to reproductive success and mate choice in a variely of mammais. includ-
ng red deer {Cervus elaphaus, Clution-Brock et al.. 19321, elepnan[ seals [ Mirouneq
anzustirostris. e Bouef. 1974], and house mice thkeshott 1972 Parm'c»am et al.,

1982: Drickamer. 1992]. Aggressive interactions intluence other behavior. inciud ing
sexual behavior [Ouakeshott. 197+ Dawsbury. 1931}, Outcomes trom GOmAnam: on-
counters also intluence reproductive hormornes 4F3r{ and LHy [Bronson et i, 1372

zithough endocrnine changes often 20 not persist for as long as pehaviorai "T:mg—“‘x

A number o tactors can infiuence aggression in he proximate sense. duch facto
:nclude eariy expertence {Kahn 1932 King and Gumeyv lQﬂ-l] genowvpe {Scott. [9586:
Lagerspetz and Lagerspetz. 1971: +an Qortmerssen 2t al.. 1983]. litter size {Rvan and
Wehmer. 1973)0 isolation versus zroup housing {\'llzeih 1969: Mugiord una Noweil,
(9721 residency status (encounter staged in home area or in unfamiiiar \urrouno ;ngs)
“Charpentier. %QL pheromonal cues i Mugrord and Nowell. 1970, 19711, ina poou-
fatton density {Southwick. 19381 Also. for white-foored mice 1Poranvsony
mamicidutis). dominance may be reiated to metabolic rate (Farr and Andrew s, 19737

[ntrauterine position. another provimate Factor. is related ro actvity [Kinsiev 2t 2
19860 Yousif et al. 19911 and to azgression {vom Saal. 19837 in male muca. Males
-ocated in utero berween two males zr2 less active [Kinslev et al.. 19361 and show iass
avestigative and less social and sexual acuvity. but are more 4gurassive 1han maies
incated between a patr of females [ Yousit et al., 1991

There 15 1 relationship between ntrauterine position and some combinanon of

evels of testosterone and/or leveis of sensitivity of the brain and rep ciive
nrgans o circufating levels of westosterone in adult male mice and gerbils. T'
0 drnL intluencas azgressivenass and other behavior patterns as weli as e tunc-

e e A pT WA WL W s ke Sy R S Ry i

soming or repmaucme orzans tCmrf\ et al.. 1992 Even et al.. 1992 Nonneman
stal. 199210 Aggression in male mice appears (o be mediated in part by prenatal
2xposure to androgen and estrogen. postnatal exposure to androgan. and 2xperi-
2nce naggressive interactions (Scott and Fredenicson., 195310 Edwaras. 1969:
Marumak et al.. 1977 vom Saal. 1983]. Signiricant positive raiationsnips be-
Tween testosterone ievels in adulthood and various components of azgression have
nzen reported in adult male mice by a number of investigators {Beeman. 1947
Bronson and Desjardins, 19631 vun Oortmerssen 2t al.. 19871,

Anogenital distance. a morphological trait. is affectad by intrauterine posiion of fe-
males and can serve as a possible bioassay of the position occupied bv 4 mouse wier
> 'was in utero. We raise the possibility here that this is aiso the case in males. e also -
:e>ted whether other characteristics of male mice. in addition to anogenttal distance.
correlate with their aggressiveness and winning or losing in paired encounters. Whiiz
some investigators have examingd body size (as etther body mass or some lin2ar me:-
7 sure of body dimensions) with regard to social dominance interactions. neithar bedy
e :emperature nor anogenital distance have been examined with respect to therr 2ifects
B on outcomes of interactions. From data on several other mammalian species t2.2.. red
deer. Cervus elaphus. {Clutton-Brock et al.. 19821, Svrian hamsters. Wesocricets
A aurarus {Payne and Swanson 19701y we predict that body size could be an important
}'; factor in house mouse aggressive interactions. with larger animals expected to be win-
) ners more often {Robitaille and Bovet. 1976]. There is some evidence frrom white-footed
mice (Peromyscus maniculatus) that dominance is positively related to metabolic rate
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“Farr and Andrews, 1978). If we assume body temperature is an indirect measure of
zeneral metabolic activity, then we wouid predict that rfor house mice. higner pody
-zmperatures should be associated with winning more orten in encounters with other
males. We testad the age of males as a possible factor in determining winners in ag-
sressive encounters. because in a variety of mammais and trom our own unpubiished
fara we know that pody size increases as a POSitive runction of age.

Lastlv. in the literature regarding nirautering posiion errects on social and sexuai
~=navior in rodents {vom Saal. 1981, 1¥x9: Clark and Galet. 1938]. there 15 evidance
hat ) anogenttal distance n males can be arfected 5v hormones during intrauterine
Zevelopment {Kinsley and Svare. 1957: Zielinski et al.. 19917 and by ditferences in
.2gressive behavior can be refared 1o intrauterine position for maie mice {vom Saal.
;935: Yousif et al.. 1991, We tested whether variauion in anogenital distance. what-
2ver IS proximate causes. could be refatad to varianon in aggressive behavior in maie
~uice. Since previous tindings suggest that farger anogenital distances may be associ-
2:2d with higher levels of ntrauterine :xposure to anarogens in males. we pracicied
:hat males with larger anogenital distances would be the aggressors more often in
zncounters with other males.

'AATERIALS AND METHODS
Subjects and Husbandry

“We used two stocks of wild house mice. each treated :dentically. One stock consisted
>Ifirst generation laboratory progeny rram mice capturad at the Swine Farm of South-
= ilinows Universitv. Carbondale. IL. The other stock was established from wild mice
:rzmaily captured at Fort Collins. CO. bred in the laboratory of Dr. Sarah Lenington at
Rutgers University, Newark. NJ.and crossed with an inbred laboratory strain « LT MA
crogeny used from this stock were several generations removed from the wild at the
ume or testing. Mice of both stocks werz bred by placing a single male with a single
“2male. Litters were weaned at 2325 davs of age and housed in unisexual groups of -+—
dividuals unul they were approximately 90 days of age. Throughout rearing and
Zzvelopment, mice were housed in stanaard shoebox polvpropvlene mouse cages on a
—edding of wood shavings in an animai coiony room at 20-23°C with overnead tlucres-
cznt hights on 2 i+ hir hight: 10 hr dark daily cvcle. At the beginning of March 1993, 2
“w22xs prior to testing. all males were separated into individual cages. At this time they
w2re moved to an enclosed barn where thev were exposed to current external ambient
conditions of temperature and davlength. At that time of the vear the 2xternal condi-
ons involved between 12 and 15 hr per day of davlight. temperatures ranging trom
2ws of 3-10°C to highs of 14-23%C. and refauve humidity of 40-60¢%. In addition tc a
22dding of wood shavings. each male was given a cotton square (2.8 X 2.8 x ).2 cm
‘hick: Nestlets made by Ancare Corp.. Belmont. NY1 with which to make a nest. The
muce were moved 1o the bam because of a larger tield study in which they eventually
were released into outdoor enclosures.

Apparatus and Procedures

Two weeks after being placed in the barn, each mouse was measured for body mass
rg) using a Pesola spring scale: for body length (cmy. defined as the distance from the
tip of the nose 1o base of the tail, by holding the mouse down on a metric ruler: for body




P VR T IR LIS

Cowe

P

4w

© e m gl e

04 Drickamer et al.

:2mperature (°C) using a Physitemp Model BAT-12 Digital Thermometer with a RET-3
rectal probe: and for anogenutal distance tcm), defined as the minimum distance he.
mween the posterior base of the pents and the anterior lip of the anus using Culiputer
calipers. [nterobserver reliability values ror the measurementor body mass. bods iengrh,
and anogenital distance were obtainad v having two individuals make 2ach seE or
measuraments. The Spearman rank corrziation {Siegel, 1936] interobserver vaiues were
2il 20.92.

We conducted the encounters in a siandard opague polvpropylene mouse cage 113
sm x 28 cm % 13 cm deep) with a fizt hardware cloth lid. The cage was cieaned
~etween each encounter. Mouse measurzments were made by LCD, encounters in-
~olving mice rrom [llinois stock were conducted by LMM. and encounters invoiving
mice trom Colorado/New Jersey stock were conducizd by CC. Other than :osmblé
‘nteractions with cagemates during 2ariy development. none of these males nad any
~revious fighting zxpenence.

-~

e tested 22 males of each stock: maies within each stock were divided nwo

sere in the same group of eight. Thus. there were 2 total of eight groups o eig
maies. Within each group of eight mates a complete sertes of round robin encounters
»as staged for a to1al seven encounters cer male and 238 encounters per group. That is.
2ach male was paired with each ot the otner seven males in his group. Order o1 t2sting
:neach group was randomized. No maie was used :n more than one encounter cer dav
2nd the entire encounter tesuing procedure was compieted 1n a pertod of 10 cavs. En-
sounters lasted {0 min. or were terminaied as described below when one mate esiab-
:ished clear aggrassive supertority prior 0 the end of time period.

Each encounter was scored according to the outcome. [ one male artacked another
male fve times 1o succession we terminated the encounter: that male was receraed as a
ciear winner and ziven a score of 3. A foser in such encounters was given a score ¢f 0.
“Vhen one male consistently displaced the other andsor made oniy a rew attacss curing
e 10 min. we scored this animal as a passive winner and gave ita score of 2. Lesers 1n
1nese encounters received a score of |. When two males did not attack or disoiace one
znother during i min. the ourcome was a draw and each male was given a scere of |
scoring system rased on Lenington. 1391]. An average aggression score was Com-
cuted for each muie ar the conclusion o1 Nis seven encountars.

Analyses

All anaivses were conducted on a Macintosh SE/30 microcomputer using Stanview I
“1987]. We anaivzed dirferences between the [wo stocks of mice using parametne i-fests.
P2arson produci-moment correlations were used to test relationships between individual
crauts and level of aggression. Lastly, a st2pwise multipie regression analvsis was used 0
Zetermune the relative importance of the rive independent parameters for predicting ag-
zression score. Results were analyzed separately for the two stocks of mice, except thata
combined analysis was also run for the stepwise mulitiple regression.

RESULTS

The two stocks of mice differed with respect to body mass (£ 62 = 4.68: P < 0.001)
ind body length 1762 = 6.00; P < 0.001). but did not differ for age (162 =1.33:0.10<
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P < 0.20). body temperature (1 62 =0.42: £ > (.20), or anogenital distance (r 62 =0.23:
P >0.20) (Table 1.

When the individual independent measures were correiated with aggression scores
within each stock. all of the values excert those for anogen:tal distance were not sig-
miicant tP > 0.205. The correlaton coefticients for anogenital distance and aggres-
sion score were signiticant for poth the [linois stock (730 =+j.41: P = 0.020: regression

zzuation of vy = 1.34x — 0.23) and the Colorado/New Jersey stock (730 = 0.38: P =
1.032: regression eguation of v = 2.66x — 1.+3). When we carried out stepwise mui-

“pie ragression. anogenttal distance was the only variable entered into the equation by
:he program that accounted for a significant percentage of the variance (21%%) for
2ach of the stocks analyzed separatety and ror the compined stocks ( Table {D). Add:-
sional correlation coetficients were calculated between anogennal distance 2nd boin
~odv mass and tody length within each stock of mice and no statisucally signitican:
il £ > 1.20) refationships were tound.

DISCUSSION
ne principal conclusion from these data is that there 5 a significant rejationship

~eraeen anogenital distance and the likelihood of being more aggressive and achiev-
domance n interactions with other maies. The lengin of the space separating the

:nd neonatal hife in mice [Gupta. 1938 Keisler et al.. [991]. Animals with larger
nogenuai distances at birth also have comparauvely larger anogenitai distances in
adulthood [vom Saal and Bronson. 1978]. This latter finding suggests that the difrer-
ences in anogenital distance observed in adult male mice 1 the present study were a
conszyrence ot differences in exposure 10 iestosterone curing sexual ditferentiation
of the external genials, which occurs during the latter part or prenatal and early postna-
wai lire {Rugh. 19681
There 1s a well established relationship between exposure to testosterone during
crenaaf and early postnatai lite and intermale aggression in mice. This relation-
snip 1s based on at least two lines of evidence: |} Experimentally increasing levels
or testosterone during perinatal life in female mice resuits in the females showing
levels of aggression toward males that are similar to those seen in male-male en-
counters [vom Suaual, 1979]. There is a correlation betwean levels of testosterone

TABLE 1. Vean Values (= 1 SE) fur Five Independent Variables Measured on Two Stocks of Wild
Male House Mice

Stock
[llinos Colorado/New Jzrsey
Variaple Mean (=SE) Range Mean (£5E) Range
Body mass 1g) 196 0.1 13.0-24.0 I8 0.3 17.3-243
Body length tcm) 3.6 0D " 3-97 9.2 (0.1 3.6-9.8
Body temperature (*C) 369 0. 3127-391 %3 (0. 33.4-38.2
Anogental distance rem) 1.08 +1.2) 3.32-1.30 1.09 (0.3 0.39-1.42
Age davsy 45 02T RN RN =99 (11% 29-130
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TABLE II. Results From Stepwise Multiple Regression Analyses of Five Independent Measures for
Predicting Aggression Score in Male House Mice™

Steck R R- Mean scuare resiguz;
[tiinois 0410 0165

Coioraco/New Jersey 0.379 AR

Comrmed 1333 st

(l’\

3 wereg .m.ll\ zad separatziy far each Stock and in @ comomed ANAINSES, Unl\ anugenital distance
2ntered DY the program as a siZmIicant factor arecung a8 gression score.

uring tetal lite and intermale aggression in male mice {vom Saal et ai.. 1983 vom
Saal. 19891}

“aken together. the rorgoing findings show that both anogenntal distance and intermale
2ssion are reluted to the ievels of testosterone to which males are exposed dunng tre
'natal pertod of development. Thus, we propose that our present tinding of a correlatio
tetween anogenital distance und intermale aggression in adult male mice 1s mediated. a
f2ast in part. by variation in exposure 1o estosterone during pennatal life.

An nteresting and significant aspect ol our findings is the large degree of variation in
;mogeni[al distance among adult males of both stocks (Table D. We calculated the per-

en:difference :n anogenital distance (largest ~ smallestysmatlest). For the hvbnid stock

wiid Colorado mice x laboratory LT.MA strainy used in the present study. the percen
dirference {141 in anogenual distance was dramatically farger than for the wild Stou\
zrmcaa in [Hinois 139%,. This latter value 15 virtually identical to the vaiue ror anogen:a
distance at birth m mld male mice derived from a founder stock of mice trappea in
2rta. Canada (37¢: vom Saal. unpublished observation.

Pravious rmamos using a number of outbred and inbred laboratory mice have pro-
‘»“déi evidence ror relatively little variability among male mice in anogential distance

irth [Kinsley and Svare. 1987: vom Saal, 19791, For example. tn male Rockland-
5:\1\'5 mice. the percent difference in anogenital distance at birth was 26% (vom Saal.
anpudlished observation). or about one-half that observed in wild mice. {n studies with
laboratory mice. the hikelihood of tinding correlations between anogenital distance at
birth or in aduithood and various behavior pattemns. such s intermale aggression. is
uniikely, due to the low level of variability among males in anogential distance [Kinsiey
and Svare. 1987: Keisleret al.. 1991: vom Saal. unpublished observation].

Neither body temperature nor age were signiricant predictors of aggressiveness. ii-
though all ammais tested were adults 1Table [;. We also did not find any significant
relationships between anogenual distance in adulthood and either measure of bodv

size tvody mass or bodyv length) or aggressiveness and body size in either stock of
muice. This latter finding 1s interesting in that some investigators have reported a corre-
lauon tetween body weight and being victorious in encounters between male rodents
[Bamett. 1963: Lagerspetz. 1964: Spencer and Cameron. 1983]. We should note that
body mass values for our mice ranged 67 g (Table [). encompassing almost the enure
range for wild stock adult Mus. Thus. our prediction is that while perinatal levels of
testosterone influence adult anogenital distance and aggressiveness, factors other than
levais of testosterone during perinatal life likely influence adult body size.

Adult as well as perinatal testosterone levels influence intermale aggression and other
benavior patterns in male mice. However, testosterone is released into the blood in
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male mice in pulses that occur at unpredictable intervals [Coquelin and Desijardins.
1982]. Thus. it is not surprising that relationships between circulating testosterone and
behavior patterns such as aggression are not always found [Svare etal.. 1977: Brain and
Nowell, 1969; van Oortmerssen et al., 1987]. since the pulsatile release of testosterone
makes correlating blood testosterone levels in maies with behavior possible oniv with
frequent collection of blood sampies via cannulae. We thus did not attempt. in the present
study, to measure circulating testosterone and correlate this with a male’s anogenital
distance or aggressiveness. Average levels of circulating testosterone can be estimated
by measuring testosterone in feces of some mammals [Gunther Schettler and Toni
Zeigler, personal communication). and this will be done in tuture studies.

Our findings suggest two lines for future research. The high vanability in anogenital
distance observed for wild mice. toth at birth and in adulthood. suggests a mucn greater
vaniability in testosterone levels during the prenatal period of ditferentiation of the ex-
remal genitals relative to variability that has been observed in {aboratory stocks of mice.
One possible source of variability in prenatal testosterone levels. anogenttal d:stance at
Sirth. and adult behavior s the intrauterine proximity ot male fetuses to male or temale
siblings (the intrauterine position phenomenon). Namely, males exposed 10 eievated
levels of testosterone in utero due o being positioned between male retuses mayv have
thie largest anogenital distances at birth and :n aduithood. and theyv may aiso be the most
aggressive animals. [n contrast. maies positioned in utero between remale tetuses are
2xposed to the fowest levels of testosterone during fetal lite and may have the shortest
anogenital distances at birth and in adulthood and be the lest aggressive maies [vom
Saal. 1989). A second area for future investigation involves the examination or addi-
tonal correlations between anogenital distance and other behavior pattems in male
mice, &.2.. home range size (Zielinsii and Vandenbergh, 1991). resource derence. and
reproductive success.
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