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Infanticidal behavior directed toward unrelated neonatal pups
is common in male rodent species (4, 6, 25). Even rodent species
with extensive paternal behavior repertoires, including retrieval,
licking, and grooming of pups, and huddling on the litter in the
nest (e.g., Djungarian hamster [Phodopus campbelli], Mongolian
gerbil [Meriones unguiculatus], prairie vole [Microtus
ochrogaster], and California mouse [Peromyscus californicus] (5,
9, 17, 19, 22, 23), exhibit pup-directed aggression at some devel-
opmental stages (10, 18, 24, 25). There also is evidence suggesting
that the biological mechanisms that inhibit infanticidal behavior
have a similar neuroendocrine basis as do those facilitating pa-
rental behavior (4, 9, 11, 31, 38, 39). For example, adult male mice
are infanticidal and do not exhibit paternal behavior, yet the male
progesterone receptor knock-out mouse (PRKO) does not show
pup-directed aggression. Instead, the PRKO male retains aggres-
sion in response to a same-sex intruder, loses pup-directed ag-
gression, and expresses an elaborate paternal behavior
repertoire, including pup retrieval (35).

Interest in the biological mechanisms responsible for male pa-
rental behavior has increased in recent years with the publica-
tion of studies suggesting that men becoming fathers undergo
hormonal changes that are temporally related to the impending
birth (1, 2, 16, 37). Neuroendocrine mechanisms in the paternal
brain might also be more amenable to experimental study than
those in the maternal brain because they occur in the absence of
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Experiments involving investigation of the neuroendocrine basis for paternal care in rodents risk activation of
aggressive behavior toward pups. To minimize pain and suffering during tests of parental responsiveness requiring
retrieval of a displaced pup to its nest, a method of anesthetizing the pup was developed in Djungarian hamsters,
Phodopus campbelli. A surgical plane of anesthesia, as measured by criteria, such as respiratory depression, loss of
the pedal reflex, and failure to increase respiratory rate or to vocalize in response to handling, was achieved by use of
intraperitoneal administration of a combination of ketamine and xylazine. Both parents (tested separately) expressed
normal behavior toward anesthetized pups. In random order, a saline-injected or anesthetized pup was displaced
from its nest in the home cage. There were no differences in pick-up or retrieval rates between saline and anesthe-
tized pups for either parent. A third test using an unmanipulated pup confirmed that parental behavior was not
reduced toward an anesthetized pup. However, if anesthetized pups were tested first among littermates, retrieval by
males was less likely. This method will, therefore, underestimate retrieval behavior in males, but not females. Adult
male hamsters that had never been parents also expressed expected behavior by attacking the pup in 45% of cases.
This method provides an efficient and effective means of protecting pups while allowing adults to express a wide
range of parental and infanticidal behaviors. It also has application in behavioral screening of transgenic strains
toward unrelated young.

the potentially confounding neuroendocrinology of pregnancy,
parturition, and lactation (43, 44). Thus, these types of studies
have the potential to yield new insight into the biological mecha-
nisms underlying affiliative behavior of adults toward infants.

To move these studies from correlation between hormones and
behavior to an understanding of causal relationships, research
involving pharmacologic manipulation of the hormones of males
followed by detailed assessment of the males’ interactions with
neonatal pups may be helpful. Expected results will include re-
duction in paternal responsiveness in normally attentive males
and responsive behaviors from males that would normally be-
have aggressively toward a pup. Although the researcher can be
close by and intervene immediately if a pup is attacked, the at-
tack often is so sudden that the experimenter does not have time
to remove the pup before injury occurs (32). Neonatal rats can
experience pain (9), and might have a lower pain threshold than
that of adult rats (28). Thus, using live pups during paternal re-
sponsiveness tests with manipulated adults carries risk of pain
and suffering for the pup(s).

Male Djungarian hamsters, Phodopus campbelli, have an ex-
ceptional array of paternal behaviors that includes active ‘mid-
wifery’ during the birth. Males mechanically assist the delivery,
clear the airway, and consume the placenta (22, 23). Males also
experience hormonal changes that, as the birth approaches and
passes (33), might affect paternal behavior (44). Thus, our inter-
est was in development of a method to protect neonatal pups dur-
ing manipulative tests of hormone-induced behavior
relationships in adult males.

In a 1989 experiment by Perrigo and co-workers (32), CF-1
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mouse pups were protected from experiencing pain by enclosing
individual pups in small wire mesh cages. Adult males would
pick up and return the cages containing pups to their nest to the
same extent as they would return unprotected pups. However,
using different strains of mice, Elwood and co-workers (14) in
1990 failed to observe a similar response, especially if protected
pups were tested first. During preliminary testing of this method,
using three-day-old Djungarian hamsters, the dam did not re-
trieve the caged pup, and the behavior of an unrelated adult male
that had previously attacked an unrelated pup was indistin-
guishable from the behavior of the dam. Even ultrasonic vocaliza-
tions did not allow researchers to discriminate the intentions of
adults during a behavioral test. As an alternative, we report
promising results using neonatal anesthesia.

Materials and Methods
Animal husbandry. Djungarian hamsters were the outbred

descendants of wild-caught individuals from Tuva, Siberia. They
have been maintained in a large breeding population at Queen’s
University since 1990 (41, 42). Populations are seronegative for
standard viral pathogens (pneumonia virus of mice, reovirus,
Sendai virus, lymphocytic choriomeningitis virus). Adult ham-
sters weighing 20 to 40 g were housed in polycarbonate caging
(27 × 21 × 14 cm, Nalge Nunc International, Rochester, N.Y.) at an
ambient temperature of 18.0 ± 1.0°C to reflect burrow tempera-
tures in the wild (42), a photoperiod of 14:10-h (light:dark; (with
00:00 h corresponding to the middle of the dark phase), and ad
libitum access to food (Purina 5001 Rodent Chow, St. Louis, Mo.)
and water. Research reported here was conducted in accordance
with the guidelines of the Canadian Council on Animal Care ap-
proved by Queen’s University as protocol 2001-041.

From weaning until pairing, animals were housed in same-sex
sibling groups of one to three individuals. As adults, virgin males
and females, with no prior alloparental experience with sibling
litters, were paired. After 18 days, cages were checked daily for
birth, and the day of birth was considered day zero of lactation
(L0). Parents were together until birth of offspring, and were
separated for the trials only.

Neonatal anesthesia. Delivery of inhalant anesthetic agent
was rejected because it would require a nose cone during the be-
havioral testing and would introduce novel odor to the testing en-
vironment. In contrast, injected anesthesia was expected to
sustain a surgical plane throughout behavioral testing. Ketamine
hydrochloride-xylazine combination was chosen as the anesthetic
because of its efficacy in Phodopus sp. (8, 27, 36). Intraperitoneal
injection was chosen to avoid the technical challenges of intra-
muscular or subcutaneous delivery in neonates.

A paired design with two pups (n = 12 pairs) from the same lit-
ter was used. Three-day-old pups (approx. 3.0 g) were removed
from the cage at the same time and placed on a paper towel un-
der a desk lamp to keep them warm. Temperature under the in-
candescent bulb ranged from 25 to 28°C, which approximates
nest temperature of 27°C under a huddle of three-day-old pups
(29). One pup was anesthetized by use of a single intraperitoneal
(i.p.) injection from a 10-µl Hamilton 901N, 26s, syringe contain-
ing 5 µl of ketamine hydrochloride (20 mg/ml; Rogarsetic [40 mg/
kg of body weight], an N-methyl-D-aspartate [NMDA] receptor
antagonist, STP Inc., Toronto, Ont., Canada) and 5 µl of of
xylazine (2.0 mg/ml; Rompun [4 mg/kg], an analgesic and muscle
relaxant, Bayer, Toronto, Ont., Canada). Ketamine and xylazine

were combined in the syringe, and stock anesthetic was diluted,
using sterile 0.9% physiologic saline. The control pup was given a
10-µl volume of 0.9% saline. The paper towel absorbed any blood
found at the injection site. Ketamine anesthesia has multiple de-
velopmental effects on the brain (20), and the neonatal hamster
brain is developing rapidly at three days of age. Thus, all pups
that received the anesthetic treatment were killed before they re-
covered from anesthesia. Unmanipulated and saline-injected
pups were returned to their litter.

Response to anesthesia. Both pups were observed for a pe-
riod of 35 min after delivery of the injection. Degree of spontane-
ous movement (none, some, vigorous) and spontaneous audible
vocalization (yes or no) were recorded for each pup at zero, one,
two, four, five, 10, 15, 20, 25, 30, and 35 min after injection. Rest-
ing respiratory rate (breaths/5 s) also was recorded visually (on
the basis of movement of the rib cage) at all time points except
one and four minutes. Immediately after these measurements,
the pup was picked up in a gloved hand, and the toes of the right
hind limb were gently pinched between the thumb and forefinger
as the limb was drawn out to full extension. The extent of the
pedal reflex was scored (weak, strong). Immediately following the
reflex test, the audible vocalization response (yes or no) and the
respiratory rate were recorded. Responses of the pup following
handling were calculated as the difference between the measure
after handling and the measure before handling within an indi-
vidual.

Parental adult behavior test. For this test to be useful in
studies of parental behavior, it was essential that the male and
female parent would respond to their anesthetized pup in the
same way they responded to an unmanipulated pup from their
litter. Retrieval of a pup that is experimentally displaced from the
nest is the traditional paradigm (3, 34) used to assess parental
responsiveness in rodent species, and has been used in previous
research with Djungarian hamsters (23, 33). Thus, adult female
(n = 15) and male (n = 20) dwarf hamsters, between 90 and 120
days of age at pairing, were tested for their response to anesthe-
tized and saline-treated pups from their first litter, using a stan-
dard pup displacement test. To control for the possible effects of
injection on pup stimuli, six females and six males also were
tested, using unmanipulated pups.

During the last hours of the light phase (1600 to 1900 h) on day
3 (L3) after the birth of their first litter (L0), one adult and one
pup were removed from the family group. The adult was placed in
a cage out of sight of the home cage, but within potential olfactory
and auditory range. The pup was held outside the nest for seven
to 10 min before testing to allow the anesthetic to take effect and
to control for duration of absence from the huddled litter. The
adult remaining in the home cage was tested, using either the
anesthetized or the saline-injected pup. Testing order was re-
corded and randomly determined. The waiting interval and be-
havior test were then repeated for the same adult with the second
category of pup (anesthetized or saline-injected). The subset of fe-
males and males that were tested, using unmanipulated pups,
were given those tests as a third and final test on the same day.

After displacing a single pup to the furthest corner from the
natal nest, adult behavior was assessed by continuous focal ani-
mal observation for five minutes. Dependent measures were
presence or absence and latency (seconds) for contact (sniff, lick,
or touch) with the displaced pup, presence or absence and latency
(seconds) to pick up the displaced pup, presence or absence and
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latency (seconds) to retrieve the displaced pup to the nest, and
duration (seconds) on the nest with the rest of the litter. A value
of 300 sec was assigned as the latency if the behavior was not
seen during the test.

Dependent measures listed previously also were reduced to a
parental responsiveness score for each adult on the basis of time
penalties and behavioral bonuses (23). Time penalties were based
on the return of the displaced pup to the nest. Each male received
a score from 0 (pup back in the nest within 50 sec) to –6 (pup still
displaced at the end of the test) points. Although pup motility was
limited on L3, some pups might return to the nest unaided. In
those instances, the adult received the time penalty as if he or she
had carried the pup to the nest. Behavioral bonuses were
awarded for contacting the displaced pup (1 point), picking up the
displaced pup (1 point), and retrieving the displaced pup (4
points). Retrieval is given substantial weight (4 points) because
failures in maternal behavior typically involve loss of the retrieve
response, but maintenance of the contact-and-pick up responses
(26). Thus, possible bonus scores were 1, 2, and 6 points. A maxi-
mum score of +6 points, therefore, indicated that the adult con-
tacted, carried, and retrieved the displaced pup within 50 sec. A
minimum score of –6 points indicated that the adult did not touch
the pup during the test (23).

Naïve adult behavior test. For this method to be useful in
behavioral studies when there is risk of infanticide, it also was es-
sential that an unrelated adult male could show aggressive be-
havior when presented with an anesthetized pup. Eleven naïve,
adult males, between 58 and 62 days old, were given behavioral
tests using an anesthetized pup. All males were housed individu-
ally for 24 h before testing to establish a home cage nest. In all
other respects, the test was the same as that given to parental
adults. After 10 min to ensure anesthesia induction, one unre-
lated pup was placed in the furthest corner of the home cage from
the naïve adult male. All dependent measures from the parental
adult test were recorded, with the addition of presence or absence
of, and latency to, an attack on the pup.

Statistical analysis. Paired t-tests were used for within-sub-
ject comparisons, and t-tests were used for differences between
subjects. When comparisons were based on presence/absence
nominal scores, χ2-test results were reported. A critical P value of
0.05 was applied in all cases, and all dependent measures were
tested against a two-tailed null hypothesis.

Results
Responses of saline-injected pups to repeated measure-

ments. Throughout the 35 min of behavioral testing, three-day-
old Djungarian hamster pups that had received an injection of
saline remained behaviorally stable and consistent in their re-
sponses to handling (Fig. 1A-1C). They retained spontaneous
movement, their pedal reflex was always strong, and they vocal-
ized in response to handling. For example, 11 of 12 pups vocalized
in response to handling at one or more time points; over all tests
with the 12 animals, 90 of 132 (68%) handling tests induced an
audible vocalization response (Fig. 1C). Mean ± SEM spontane-
ous respiratory rate for an individual saline-injected pup was
12.1 ± 1.2 (n = 12) breaths per five seconds, all repeated measures
for one pup averaged before comparison (Fig. 2A). Respiratory
rate also reliably increased in response to handling (paired t =
2.84, df = 11, P < 0.02; average increase = 1.12 ± 1.36 breaths/5 s;
all repeated measures for one pup averaged before comparison,

Fig. 2B).
Responses of anesthetized pups over repeated mea-

surements. The physiologic and behavioral tests indicated that
this anesthetic regimen of ketamine and xylazine induced more
than 30 min of surgical anesthesia in three-day-old Djungarian
hamster pups (Fig. 1). The strong pedal reflex was completely ex-
tinguished within five minutes of anesthetic administration (Fig.
1B), and no anesthetized pup vocalized spontaneously, or vocal-
ized in response to handling, between five and 30 min after anes-
thetic administration (Fig. 1C). At time 0, there were no
differences in respiratory rate or respiratory response to han-

Figure 1. Physiologic and behavioral responses of three-day old
Djungarian hamster pups to repeated handling, with or without anes-
thesia, over a 35-min interval. A total of 12 pairs of saline-injected (black
bars) and anesthetized (gray bars) pups were tested. (A) Proportion of
saline-injected and anesthetized pups spontaneously showing some or
vigorous movement at each time point. (B) Proportion of saline-injected
and anesthetized pups with a strong pedal reflex. (C) Proportion of
saline-injected and anesthetized pups producing an audible vocaliza-
tion in response to handling.

A

B

C
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dling between saline-injected and anesthetized pups (rate: paired t
= 1.60, df = 11, P = 0.14; response: paired t = 0.18, df = 11, P = 0.86;
Fig. 2). Within two minutes after anesthetic injection, respiratory
rate was significantly decreased, relative to that of the matched
pup receiving saline injection (paired t = 8.44, df = 11, P = 0.0001).
Over the six samples, from five through 30 min after injection,
respiratory rate before handling averaged only 6.19 ± 0.11
breaths/5 s (n = 12, Fig. 2). Over the same interval, there was no
evidence of a respiratory response to handling in anesthetized
pups (0.08 ± 0.09, paired t = 0.92, df = 11, P = 0.38, Fig. 2B).

Parental responses to pup displacement. As expected, pa-
rental responsiveness was higher in female parents than in male
parents, although male parents were very responsive to a dis-
placed pup (Fig. 3). All female parents picked up the saline-in-
jected pup, whereas 15 of 20 male parents picked up the
saline-injected pup (Pearson χ2 test = 4.38, df =1, P = 0.04; Fig.
3A). Results were similar for retrieval of the displaced, saline-in-
jected pup, with 14 of 15 females retrieving the pup, compared
with 12 of 20 males (Pearson χ2 test = 4.99, df = 1, P = 0.03; Fig.
3B). As a result of these behavioral differences, the parental re-
sponsiveness score of female parents (4.60 ± 0.71 points) was sig-
nificantly higher than the parental responsiveness score of male
(1.30 ± 1.16 points, Fig. 3C) parents (t = 2.23, df = 33, P = 0.03).

Female and male parents responded similarly to the saline-in-
jected and anesthetized pups. No adult parent showed aggression
toward a pup during a behavioral test. Female parents picked up
14 of 15 anesthetized pups, and retrieved 13 of 15 of those pups to

the nest. These responses were not significantly different from ma-
ternal responses to saline-injected pups (pick-up Pearson  χ2 = 1.03,
df =1, P = 0.31; retrieve Pearson χ2 = 0.37, df = 1, P = 0.54). How-
ever, there was an effect of testing order. If the anesthetized pup
was tested first, it was retrieved more quickly (t = 2.17, df = 13, P <
0.05). However, the behavioral repertoire was not changed. Paren-
tal responsiveness score was not increased (t = 2.08, df = 13, P =
0.06) relative to testing the anesthetized pup second.

Male parents picked up 14 of 20 anesthetized pups, and re-
trieved 12 of 20 of those pups to the nest. These responses were not
significantly different from paternal responses to saline-injected
pups (pick-up Pearson χ2 = 0.13, df =1, P = 0.72; retrieve Pearson
χ2 = 0, df =1, P = 1). Unlike that in females, there was no effect of
testing order on latency to retrieve the pup (t = 0.49, df = 18, P =
0.63). However, retrieval by the male parent was more likely if
anesthetized pups were tested second (Pearson χ2 = 7.5, df = 1, P <
0.01). Parental responsiveness score was not affected by testing

Figure 2. Respiratory rate (A) and respiratory response (B) to han-
dling in saline-injected and anesthetized three-day-old pups. (A) Spon-
taneous respiratory rate (breaths/5 s [mean ± SEM]) in 12 saline-in-
jected (black symbols) and 12 anesthetized (gray symbols) pups at each
point in time. Respiratory rate in the two groups at the time of injec-
tion is not different. Between five and 30 min after injection, spontane-
ous respiration is suppressed in anesthetized pups. (B) Respiratory
response (change in respiratory rate from spontaneous to after han-
dling; breaths/5 s) in saline-injected and anesthetized pups. Saline-in-
jected pups have a significant, positive respiratory response, whereas
anesthetized pups do not respond to handling between five and 30 min
after injection.

A

B

A

B

C

Figure 3. Parental responses of adult female (n = 15) and adult male (n
= 20) hamsters to three-day-old pups experimentally displaced from
the nest. Females tested with saline-injected pups (black bars) were
more likely than males to pick up and retrieve the displaced pup, yield-
ing higher parental responsiveness scores. Females and males treated
anesthetized (gray bars) pups similarly to the way they treated saline-
injected pups. A subset of six female and six male parents was tested a
third time with an unmanipulated pup (open bars). There was no within-
female or within-male differential in behavior toward the
unmanipulated pup and the saline-injected pup.
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order (t = 0.76, df = 18, P = 0.46).
Parental responsiveness to saline-injected pups was so high that

there was no evidence for differential treatment of unmanipulated
pups, even though those tests were always third in order (Fig. 3).
All females and five of six males picked up and retrieved the dis-
placed, unmanipulated pup. Time to retrieve the saline-injected
and unmanipulated pups was not significantly different for fe-
males (86.67 ± 45.09 and 32.67 ± 3.26 sec, respectively; paired t
= 1.27, df = 5, P = 0.26) and males (72.50 ± 45.84 and 69.17 ±
46.79 sec, respectively; paired t = 0.43, df = 5, P = 0.69). Likewise,
in the subset of six animals tested with saline and with
unmanipulated pups, parental responsiveness scores did not
change between the saline-injected and unmanipulated pup for
females (4.0 ± 1.63 and 6 ± 0 points, respectively; paired t = 1.22,
df = 5, P = 0.28), or males (4.0 ± 1.81 points for each; paired t = 0,
df = 5, P = 1.0).

Naïve male responses to an anesthetized pup. All naïve
males contacted the anesthetized pup, and the latency to first
contact was not different from that for parental males with anes-
thetized pups (t = 0.56, df = 29, P = 0.58). Eight naïve males
picked up the pup (Fig. 4). As anticipated by the context for this
study, 45% (5/11) of naïve adult males showed aggression toward
the anesthetized pup during the five-minute test. Consistent
with descriptions of infanticidal behavior in other rodent species
(13, 21), aggression toward the pup consisted of a bite that broke
the skin, and was often directed toward the head or neck. This
difference between male parents and naïve males was significant
(0/10 versus 5/11, respectively; Pearson χ2 = 5.97, df = 1, P = 0.01).
For those five pups, the average time to attack was 117.6 ± 30.93
(range, 56 to 225) sec. In addition, 45% of naïve males retrieved
the pup. However, three of the naïve males that attacked the pup
also retrieved the pup before the attack. Thus, only two of 11
naïve males retrieved the anesthetized pup and did not follow

that retrieval with aggression during the test. This was signifi-
cantly lower than the proportion of parental males that retrieved
the anesthetized pup without showing aggression (12/20 vs 2/11,
respectively; Pearson χ2 = 5.01, df = 1, P = 0.03).

Discussion
All of the physiologic and behavioral parameters used to quan-

tify the effectiveness of the ketamine-xylazine anesthetic combi-
nation indicated that dwarf hamster pups reached a surgical
depth of anesthesia. One of the earliest indicators that an anes-
thetic is taking effect is the slowing and eventual cessation of
movement (15). Reduced movement, relative to that in saline in-
jected pups, was observed within two minutes of injection and
continued through the 30-min period. Complete cessation of mi-
nor movements was not expected because ketamine is a known
cataleptic that induces spastic movements in anesthetized ani-
mals, even when they are co-treated with an analgesic, such as
xylazine (15). In addition, the strong pedal reflex was never seen
beyond four minutes after injection or for the ensuing 30 min (15,
30, 40).

Further support for the surgical depth of anesthesia was the
cessation of audible vocalizations in response to handling. As ex-
pected (28), saline-injected pups reliably emitted audible squeaks
in response to handling, whereas anesthetized pups did not pro-
duce any audible vocalizations. The absence of this distress re-
sponse suggests that the handling stimulus was not perceived.
The spontaneous respiratory rate of anesthetized pups was re-
duced by almost 50%, relative to that of the matched saline-in-
jected pups, and those pups did not show the increased
respiratory rate in response to handling that occurred in the sa-
line-injected control pups. The handling challenge intended to
simulate the physical contact of an adult pup with a neonate (ei-
ther aggressive or parental contact), therefore, induced expected
physiologic and behavioral responses in saline-injected, but not
anesthetized pups. Thus, we conclude that a surgical plane of an-
esthesia was induced in the three-day old pups.

Of particular importance, our results also indicated that use of
the anesthetic did not eliminate normal expression of parental
behavior toward displaced pups. Females picked up all but one of
the 36 displaced pups, with no evidence that anesthetized pups
were avoided. After pick up, 92% of displaced pups were retrieved
to the nest area. This response was so rapid that the parental re-
sponsiveness scores were high. Average scores > +4, on the scale
from –6 through +6 points, indicated that females not only re-
trieved displaced pups, but did so early in the five-minute test pe-
riod, often within the first 50 sec. As expected (7, 25), parental
responsiveness of males was lower than that of females, with 74%
of displaced pups being picked up and 63% of displaced pups be-
ing retrieved to the nest. However, like the female parents, there
was no evidence that male parents treated their own pups differ-
ently if they were anesthetized. This proportion of males retriev-
ing pups was lower than the 86 and 78% of pups retrieved in
earlier studies (23, 33); however, in those earlier studies, twice as
long (10 min) a duration was allowed for the behavior test.

There was, however, evidence suggesting that testing order af-
fected parental behavior. Specifically, female parents retrieved
the anesthetized pup more rapidly if it was the first stimulus pup
offered than if it was the second stimulus pup. Also, male parents
were more likely to retrieve the anesthetized pup if it was the sec-
ond, rather than the first stimulus of the day. This is qualitatively

Figure 4. Contrasting behavior of parental male hamsters and naïve
male hamsters presented with a similarly anesthetized pup. A signifi-
cantly higher proportion of parental males (solid bars) picked up and
retrieved the displaced pup, whereas a significantly higher proportion
of naïve males (hatched bars) attacked the pup. Three naïve males that
attacked the pup after retrieving it were not included in the proportion
of naïve males that retrieved the pup.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-26



207

similar to the finding that mice were less responsive to a dis-
placed, caged pup if that pup was tested first (14), and suggests
that male parents might require a stimulus of greater strength to
elicit retrieval behavior the first time. If so, retrieval behavior by
male parents will be underestimated by use of this method,
whereas the retrieval behavior of female parents will be assessed
accurately. Thus, using this method, sample sizes for males will
need to be larger than sample sizes for females to detect differ-
ences between experimental groups.

Usefulness of this method also depends on the normal expres-
sion of aggressive behavior toward anesthetized pups. Direct
comparison of behavioral responses of infanticidal males to con-
trol and anesthetized pups was precluded by the ethical context
of this study. Nevertheless, it was possible to show that adult
male hamsters that were unrelated to the pup showed aggressive
behavior. Forty-five percent of naïve males attacked the anesthe-
tized pup within five minutes, in contrast to the complete absence
of aggressive behavior during the 36 female and 46 male parental
tests. In addition, naïve males also retrieved the pup in 45% of
cases. Retrieval was then followed by attack. Thus, these results
support the need to allow the behavior test to proceed to attack
behavior before inferring the presence or absence of pup-directed
aggression. Without allowing the attack behavior, naïve male re-
trieval behavior might have been inappropriately classified as
“parental”.

We conclude that non-parental males will attack anesthetized
pups, whereas parental males will not, and we conclude that be-
havior tests involving only anesthetized pups will successfully
discriminate parental from infanticidal behavior without risking
pain or suffering for the pup. This method of neonatal anesthesia
with ketamine hydrochloride and xylazine provides an efficient
and effective alternative to previously developed methods of pro-
tecting pups during tests of parental behavior when infanticidal
aggression is a possibility. The method also has the potential to
minimize the risk of pain and suffering during behavioral screen-
ing of transgenic strains where the reactions of adults to pups are
not known.
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