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(1) 59–62, 1999.—The relationship between castration
and reduced male aggression is well established. However, anecdotal observations of male prairie voles (

 

Microtus ochro-
gaster

 

) suggest that castration does not reduce aggressive behavior. To investigate the role of testicular androgens on aggres-
sive behavior, castrated or gonadally intact male prairie voles were paired in a neutral arena with a gonadally intact vole. Cas-
tration did not reduce the frequency of intermale aggression. In Experiment 2, aggressive behavior was examined further
using resident–intruder, grouped aggression, and aggression against a lactating female models. Again, castration did not af-
fect the frequency of aggression in male prairie voles. Taken together, the results of this study suggest that aggressive behav-
ior may be independent of gonadal steroid hormones in adult male prairie voles. © 1999 Elsevier Science Inc.
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CASTRATION reduces aggression in males in a wide range
of vertebrate species (1,16,18,27). However, this widely ac-
cepted relationship between the presence of the testes (and
normal circulating testosterone concentrations) and aggres-
sion is primarily based upon studies of male–male interac-
tions in only a few domesticated species (2,12,13). For exam-
ple, castration influences aggressive behavior in house mice
(

 

Mus muscuslus

 

) (12) and Syrian hamsters (

 

Mesocricetus au-
ratus

 

) (27). However, if females are used as stimulus animals,
or if males of undomesticated species are studied, then excep-
tions to the relationship between low circulating testosterone
blood concentrations and aggression emerge. For example,
castrated male mice are more aggressive toward conspecific,
lactating females than gonadally intact male mice (17). Strain
differences also exist in the extent to which castration affects
aggression (3). Some strains of 

 

M. musculus

 

 retain aggressive-
ness for several months after castration while other strains do
not (28). Males of several nondomesticated species do not ex-

hibit reduced aggression after castration. For example, castra-
tion does not decrease aggressiveness in male red-sided garter
snakes (

 

Thamnophis sirtalis parietalis

 

), European starlings
(

 

Sturnus vulgaris

 

) (10,22), or Mongolian gerbils (

 

Meriones
unguiculatus

 

) (8).
The extent to which testosterone mediates aggressive be-

havior in arvicoline rodents is unclear. Anecdotal observations
in our laboratory and others (C.S. Carter, personal communi-
cation) suggest that castration does not reduce aggression in
male prairie voles. Among arvicoline rodents, juvenile male
and female voles rarely engage in agonistic behavior, but both
sexes become increasingly aggressive towards strange males
in adulthood (7). Exogenous testosterone treatments of go-
nadally intact adult Townsend voles (

 

Microtus townsendii

 

) do
not affect the frequency or quality of aggressive behavior (21).
Conversely, treatment of intact adult prairie voles (

 

M. ochro-
gaster

 

) with subcutaneous testosterone implants elevates ag-
gressiveness (14). However, aggressive behavior is often not
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directly observed in these studies; rather, the number of
wounds is assessed as an indirect measure of aggression.

The goal of the present study was to determine the effects
of castration on aggressive behavior in male prairie voles. Pre-
vious observations in our laboratory indicated that castrated
voles displayed equal or increased aggressiveness compared
to gonadally intact conspecifics. In Experiment 1, we sought
to confirm these anecdotal observations that castrated male
voles did not display reduced aggressiveness in a neutral arena.
In Experiment 2, we examined several parameters of defensive
aggression in castrated and intact male prairie voles.

 

EXPERIMENT 1

 

Materials and Methods

 

Twenty adult (

 

.

 

60 days of age) male prairie voles (

 

Micro-
tus ochrogaster ochrogaster

 

) were obtained from our labora-
tory breeding colony. The progenitors of these animals were
originally trapped near Champaign, IL (40.1

 

8

 

 N latitude). All
animals were weaned at 21 days of age and housed individu-
ally in polycarbonate cages (28 

 

3

 

 17 

 

3

 

 12 cm) in colony
rooms illuminated with a 24-h LD 16:8 light cycle (lights on
0700 h EST). Temperature was kept constant at 21 

 

6

 

 2

 

8

 

C, and
relative humidity was maintained at 50 

 

6

 

 5%. Food (Prolab
2000; Agway; Syracuse, NY) and tap water were provided ad
lib throughout the study.

Half of the voles (

 

n

 

 

 

5

 

 10) were randomly selected and cas-
trated, while the remaining animals (

 

n 

 

5

 

 10) received sham
operations. All animals were anesthetized with methoxyflu-
rane vapors (Metofane; Pitman-Moore, Mundelein, IL) prior
to surgery. Castrations were performed through bilateral ab-
dominal incisions; both testes were removed, the abdominal
wall sutured, and the incision in the skin closed with 9-mm
wound clips. Animals that were sham castrated experienced a
similar procedure, but their testes were irrigated with saline,
then returned to the abdominal cavity prior to closing.

 

Aggression Tests

 

Aggressive behavior was assessed in a glass aquarium (26 

 

3

 

32 

 

3

 

 51 cm); the floor of the aquarium was covered with 1 cm
of clean pine shavings. A central barrier divided the aquarium
into two separate compartments. A male vole was randomly
selected from one of the experimental groups and introduced
into one of two compartments of the aquarium while an intact
male stimulus vole was placed in the other compartment. Af-
ter a 10-min acclimation period, the central barrier was raised
and the animals were allowed to interact for 10 min. The be-
havior of the voles was recorded with a Panasonic WV-3260
camera and a JVC 9000-U time-lapsed video recorder. Ag-
gressive behavior was analyzed from the videotape record by
scorers who were uninformed of the animals’ experimental
condition (9). The latency to initial attack, the number of at-
tacks, and attack duration were calculated. Each stimulus vole
was randomly selected and used only once per test. All behav-
ioral tests were conducted 4 weeks after surgery.

 

EXPERIMENT 2

 

Materials and Methods

 

Twenty-four adult male prairie voles were obtained from
our breeding colony and housed as described above. Half of
the voles were castrated while the remaining voles underwent
sham castrations. Castrations and sham castrations were per-

formed as described above, and behavioral testing was con-
ducted 4 weeks after surgery.

 

Resident–Intruder Aggression

 

Resident–intruder aggression was assessed by introducing
an adult male stimulus vole (i.e., intruder) into the cage of ei-
ther a castrated or intact vole (i.e., resident). Intruder voles
were marked on the tail with an indelible marker for purposes
of identification. The bedding in the home cages remained un-
changed for 10 days prior to behavioral testing. The latency to
initial attack and the total number of attacks initiated by the
resident male were recorded. Aggression tests lasted 5 min
and were conducted each day for 3 consecutive days between
1300 and 1500 h. A novel pairing of animals was made for
each consecutive test and intruder males were not used more
than once per day.

 

Grouped Aggression in a Neutral Arena

 

Grouped aggression in a neutral arena was assessed by
placing either four adult castrated or sham-operated voles
into a clear glass aquarium. The latency to the initial attack
and the total number of attacks were recorded. Grouped ag-
gression tests lasted 15 min and were conducted between 1300
and 1500 h EST.

 

Aggresison Against a Lactating Female

 

Aggression directed against a lactating female was as-
sessed by introducing a lactating female into the cage of either
a castrated male or sham male and recording the number of
attacks by the male directed at the female.

 

Open-Field Activity

 

Relative anxiety levels were determined for both castrated
and sham-operated voles using a standard open-field test.
Briefly, voles were placed in the center of an open arena (1
m

 

2

 

) for 15 min. A 4-cm border around the perimeter of the
apparatus was marked off, and the space beyond this border
was operationally defined as the open field. The amount of
time the voles spent in the open field as well as the number of
defecations were recorded for each animal.

 

Statistical Analyses

 

Differences between treatment means were assessed using
independent Student’s 

 

t

 

-tests (Sigma Stat, Jandel Inc., San
Rafael, CA). In all cases, differences were considered to be
statistically significant if 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

In Experiment 1, castration did not decrease the overall
frequency of aggressive behaviors among male prairie voles.
Castrated voles displayed comparable levels of aggressiveness
to gonadally intact voles (

 

p

 

 

 

.

 

 0.05) (Fig. 1).
In Experiment 2, castration did not decrease the frequency

of aggressive encounters among male prairie voles in a resi-
dent–intruder paradigm. There were no differences between
castrated and sham-operated voles in either the latency to ini-
tial attack or the number of total attacks (

 

p

 

 

 

.

 

 0.05 in both
cases) (Fig. 2). Castrated and sham-operated voles also dis-
played comparable levels of aggression in a neutral arena
(

 

p

 

 

 

.

 

 0.05). There were no differences in the number of attacks
directed at a lactating female between castrated and sham-
operated males (

 

p

 

 

 

.

 

 0.05). In the open-field test, castrated
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voles spent more time in the open-field compared to sham-
operated voles (195.1 

 

6

 

 33.8 s vs. 95.7 

 

6

 

 35.21 s, respectively)
(

 

p

 

 

 

,

 

 0.05).

 

DISCUSSION

 

Aggressive behavior was not diminished by castration in
adult male prairie voles (

 

Microtus ochrogaster

 

). Castration
did not decrease the overall occurrence of aggressive behav-
ior among prairie voles. These results do not appear to reflect
changes in anxiety levels, because castrated voles spent more
time than intact males in the open field, suggesting less anxi-
ety in castrated voles. Taken together, these results strongly
suggest that circulating testosterone concentrations do not
mediate aggressive behavior in adult male prairie voles.
These results are consistent with anecdotal observations from
several laboratories that study this species. However, the
present results are in contrast to previous findings demon-
strating increased aggression in testosterone-treated prairie
voles (14). The apparent discrepancy between those findings
and the results of the present study may be due to geographic
strain differences; the animals used by Gaines (14) originated
from Kansas, while those used in the present study were from
Illinois. For example, recent research has shown that the Kan-
sas and Illinois strains differ in a variety of ways, including
differences in parental behavior (25) and spontaneous aggres-
sion (Lee et al., unpublished data).

One potential explanation for the absence of reduced ag-
gressive behavior in castrated prairie voles is that testosterone
is necessary for the organization but not the activation of ag-
gressive behavior in male prairie voles. For example, neonatal
exposure to elevated concentrations of androgens causes
rather large and permanent increases in aggressive behavior
in both male and female mice and rats (5,23). Increased ag-
gressive behavior persists into adulthood, even in the absence
of substantial androgen concentrations. Additionally, neona-
tal castration of prairie voles renders these animals slightly
more responsive to androgens in adulthood in the context of
sexual behavior (26); whether these results extend to aggres-
sive behavior remains to be tested. In the present study, prai-

rie voles were castrated at 60 days of age (i.e., adulthood);
thus gonadal steroid hormones (particularly androgens) were
present at normal concentrations throughout the organiza-
tional period. It is possible that neonatal exposure to andro-
gens was sufficient to organize aggressive behavior perma-
nently in prairie voles. Thus, adult levels of aggression were
unaffected by castration in the present study.

Alternatively, androgens may not play an important role
in either organization or activation of aggressive behavior in

FIG. 1. Mean (6SEM) number of attacks by castrated (n 5 10) or
sham-castrated (n 5 10) voles directed against an intact stimulus
male in a neutral arena in Experiment 1.

FIG. 2. Aggressive behavior in adult male prairie voles receiving
castrations (n 5 12) or sham castrations (n 5 12) in Experiment 2.
(A) Mean (6SEM) number of attacks by experimental voles (i.e.,
residents) directed against an intact intruder male in a resident–
intruder model. (B) Mean (6SEM) number of attacks by groups of
four intact or castrated voles in a neutral arena. (C) Mean (6SEM)
latency to initial attack by an experimental animal against a lactating
female.
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prairie voles relative to other rodent species. Adult prairie
voles have circulating serum testosterone concentrations an
order of magnitude lower than house mice and rats, and
roughly four times lower than other vole species (15,19,20).
Thus, castration results in a smaller absolute reduction in cir-
culating testosterone concentrations in prairie voles com-
pared to house mice. Generally, gonadal androgens play an
important role in the masculinization and defeminization of
male physiology and behavior in a variety of rodent species
(4,24). The relatively low concentrations of circulating andro-
gens, along with the substantially reduced sexual dimorphism
demonstrated in prairie voles (11,20) suggest that androgens
may not play an important role in regulating male-typical ag-
gressive behavior in this species. Recent evidence suggests
that the neuropeptides arginine-vasopressin and oxytocin are
involved in the mediation of male–male aggression in prairie
voles (6,29).

In summary, our results suggest that gonadal steroid hor-
mones are not important for the expression of male-typical
aggression in adult prairie voles. Neither castration nor test-
osterone replacement therapy significantly affected aggres-
sive behavior in resident–intruder or neutral arena models of
aggression. These results provide support for several anec-
dotal observations that aggression in prairie voles appears to
be independent of testosterone. Further studies are required
to determine the role of gonadal steroid hormones in the or-
ganization of aggressive behavior in this species.

 

ACKNOWLEDGEMENTS

 

We thank Camron Johnson, Laura Nagel, and Cindy Solario for
assistance in behavioral analyses. We are also grateful to Richard
Bungiro for expert animal care. This project was supported by US-
PHS Grant MH 57535.

 

REFERENCES

 

1. Albert, D. J.; Jonik, R. H.; Walsh, M. L.: Hormone-dependent
aggression in male and female rats: Experimental, hormonal, and
neural foundations. Neurosci. Biobehav. Rev. 15:177–192; 1992.

2. Beach, F. A.; Kuehn, R. E.; Sprague, R. H.; Anisko, J. J.: Coital
behavior in dogs. XI. Effects of androgen stimulation during
development on masculine mating response in females. Horm.
Behav. 3:143–168; 1972.

3. Bonson, K. R.; Johnson, R. G.; Fiorella, D.; Ragin, R. A.; Winter,
J. C.: Serotonergic control of androgen-induced dominance.
Pharmacol. Biochem. Behav. 49:313–322; 1994.

4. Breedlove, S. M.: Sexual dimorphism in the vertebrate nervous
system. J. Neurosci. 12:4133–4142; 1992.

5. Bronson, F. H.; Desjardins, C.: Aggression in adult mice: Modifi-
cation by neonatal injections of gonadal hormones. Science
161:705–706; 1968.

6. Carter, C. S.; DeVries, A. C.; Getz, L. L.: Physiological substrates
of mammalian monogamy: The prairie vole model. Neurosci.
Biobehav. Rev. 19:303–314; 1995.

7. Carter, C. S.; Getz, L. L.; Cohen–Parsons, M.: Relationships
between social organization and behavioral endocrinology in a
monogamous mammal. Adv. Study Behav. 16:109–145; 1986.

8. Christenson, T.; Wallen, K.; Brown, B.; Glickman, S. E.: Effects
of castration, blindness and anosmia on social reactivity in the
male Mongolian gerbil (

 

Meriones ungulatus

 

). Physiol. Behav.
10:989–994; 1972.

9. Colvin, D. V.: Agonistic behaviour in males of five species of
voles 

 

Microtus

 

. Anim. Behav. 21:471–480; 1973.
10. Davis, D. E.: Aggressive behavior in castrated starlings. Science

130:253; 1957.
11. Dewsbury, D. A.: Individual attributes generate contrasting

degrees of sociality in voles. In: Tamarin, R. H.; Ostfeld, R. S.;
Pugh, S. R.; Bujalska, G., eds. Social systems and population
cycles in voles. Boston: Birkhäuser Verlag; 1991:1–9.

12. Edwards, D. A.: Early androgen stimulation and aggressive behav-
ior in male and female mice. Physiol. Behav. 4:333–338; 1969.

13. Edwards, D. A.: Post-neonatal androgenization and adult aggres-
sive behavior in female mice. Physiol. Behav. 5:465–467; 1970.

14. Gaines, M. S.; Fugate, C. L., Johnson, M. L.; Johnson, D. C.;
Hisey, J. R.; Quadrango, D. M.: Manipulation of aggressive behav-
ior in male prairie voles (

 

Microtus ochrogaster

 

) implanted with
testosterone in Silastic tubing. Can. J. Zool. 63:2525–2528; 1985.

15. Grahm, J. M.; Desjardins, C.: Classical conditioning: Induction of
luteinizing hormone and testosterone secretion in anticipation of
sexual activity. Science 210:1039–1041; 1980.

 

16. Harding, C. F.: Social modulation of circulating hormones in the
male. Am. Zool. 21:223–232; 1981.

17. Haug, M.; Brain, P. F.: Attack directed by groups of castrated
male mice towards lactating or non-lactating intruders: A urine
dependent phenomenon? Physiol. Behav. 121:549–552; 1978.

18. Haug, M.; Brain, P. F.; Kamis, A. B.: A brief review comparing
the effects of sex steroids on two forms of aggression in labora-
tory mice. Neurosci. Biobehav. Rev. 10:463–468; 1986.

19. Klein, S. L.: Behavioral, physiological and evolutionary factors
mediating sex and species differences in immune function among
rodents. Unpublished Doctoral Dissertation, The Johns Hopkins
University, Baltimore, MD; 1997.

20. Klein, S. L.; Hairston, J. E.; DeVries, A. C.; Nelson, R. J.: Social
environment and steroid hormones affect species and sex differ-
ences in immune function among voles. Horm. Behav. 32:30–39;
1997.

21. Krebs, C. J.; Halpin, Z. T.; Smith, J. N. M.: Aggression, testoster-
one, and the spring decline in populations of the vole 

 

Microtus
townsendii

 

. Can. J. Zool. 55:430–437; 1976.
22. Mathewson, S. F.: Gonadotrophic hormones affect aggressive

behavior in starlings. Science 134:1522–1523; 1961.
23. Michard–Vanhée, C: Aggressive behavior induced in female mice

by an early single injection of testosterone is genotype depen-
dent. Behav. Genet. 18:1–12; 1988.

24. Phoenix, C. H.; Goy, R. W.; Gerall, A. A.; Young, W. C.: Orga-
nizing action of perinatally administered testosterone propionate
on the tissues mediating mating behavior in the female guinea
pig. Endocrinology 65:369–382; 1959.

25. Roberts, R. L.,; Williams, J. R.; Wang, A. K.; Carter, C.S.: Coop-
erative breeding and monogamy in prairie voles: Influence of the
sire and geographical variation. Anim. Behav. 55:1131–1140; 1998.

26. Roberts, R. L.; Zullo, A. S.; Carter, C. S.: Sexual differentiation
in prairie voles: The effects of corticosterone and testosterone.
Physiol. Behav. 62:1379–1383; 1997.

27. Vandenbergh, J. G.: The effects of gonadal hormones on the
aggressive behaviour of adult golden hamsters (

 

Mesocricetus
auratus

 

). Anim. Behav. 19:589–594; 1971.
28. Van Oortmerssen, G. A.; Dijk, D. J.; Schuurman, T.: Studies in

wild house mice II. Testosterone and aggression. Horm. Behav.
21:139–152; 1987.

29. Winslow, J. T.; Hastings, N.; Carter, C. S.; Harbaugh C. R.; Insel,
T. R.: A role for central vasopressin in pair bonding in monoga-
mous prairie voles. Nature 365:545–548; 1993.


