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Abstract

Sociability in mice is a multidimensional adaptive and functional response. Due to its complexity, it is
important that researchers use well-defined behavioral assays that are easily replicated with clearly defined
ethograms. In the Mouse Behavioral and Neuroendocrine Analysis Core Facility at Duke University,
we have developed a broad series of tests that examine different components of neonatal and adult
social behaviors that include sociability, sexual behavior, aggressive and territorial responses, and maternal
behaviors. While the purpose of this chapter is not to provide an exhaustive description of all mouse
social tests available, we provide investigators with a description of basic procedures and considerations
necessary to develop a successful social behavior testing program within their laboratories.
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1. Introduction

In the past, alterations in behavior have been attributed to
changes in monoamines, acetylcholine, and amino acid neuro-
transmitters. Despite this fact, many chemical messengers affect
behavior. Neuropeptides are one class of transmitters and they are
proposed to control a variety of physiological and behavioral func-
tions (1). To investigate these reputed functions, genes responsi-
ble for encoding peptide processing and degrading enzymes, neu-
ropeptides themselves, and their receptor protein(s) have been
disrupted in mice. In the Duke University Mouse Behavioral and
Neuroendocrine Analysis Core Facility, we have identified a num-
ber of neuroendocrine, psychiatric, and neurological phenotypes
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in mice (2–18). Since the ultimate goal in making mutants is to
understand human illness, it is important to identify the full range
of behavioral abnormalities displayed by the mice. Primary dis-
orders and comorbidities should be studied so that parallels can
be drawn to conditions in humans. Although the Duke Facility
can evaluate many different mouse behaviors, the present chapter
focuses only upon social behavior because these responses are crit-
ical for reproduction, maternal care, and affiliation. Nevertheless,
it should be emphasized that social behavior should be analyzed
as a function of the species/strain, age and sex of the animal, and
according to the context in which the test is administered.

2. Materials

2.1. Testing Area,
Lighting, and
Circadian Influences

The social tests that we describe consist of the resident-intruder,
dyadic, social affiliation, sexual behavior, mother–pup interac-
tion, and maternal behavior tests. These tests require a designated
room or defined lab area where lighting, external noise, and activ-
ity are controlled. Typically, mice are acclimated to the test envi-
ronment at least 12 h before evaluation. Most social tests are con-
ducted during the dark cycle (at least 1 h into the dark cycle and
less than 2 h before light onset) and under <5 lux illumination or
under “red” light (6, 14, 15, 19). Mother–pup interactions can
be observed at anytime.

2.2. Test Apparatus For the resident-intruder test, a mouse clear-plastic “shoe-box”
cage (29 × 18 × 13 cm) is used (Fig. 19.1). For the social

Fig. 19.1. Resident-intruder and dyadic test chambers. For resident-intruder (left) a
mouse “shoe-box” cage is used with the wire cage top, food, and water bottle removed;
the clear filter top keeps the mice from escaping during testing. For the dyadic test, a
rat cage is divided by a solid partition that is removed after 5 min of acclimatization.
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dyadic test, a rat clear-plastic “shoe-box” cage (48 × 26 × 20 cm)
is divided in half by a solid partition (Fig. 19.1). The mother–
pup interaction test is conducted in the clear-plastic home cage
(Fig. 19.2). For sexual behavior, mice are housed individually in
clear Plexiglas cages (20 × 39 × 19 cm). On the day of testing,
the cage is placed on top of a stand with a mirror slanted at 45◦ to
the cage to afford full view of the cage bottom (20) (Fig. 19.3).
For social affiliation, a Plexiglas three-chambered apparatus (42 ×
22 × 20) and two partner cages (10 cm in diameter and 11 cm
high; OfficeMax – silver mesh pencil cups with fishing weights on
the top of the cup) are used (Fig. 19.4). All social test chambers
contain 1/8′′ cob bedding (Anderson Inc., Maumee, OH).

2.3. Video Cameras An infrared camera or one sensitive to low illumination is used.
It should have >420 lines of resolution and view the test area in
entirety. The camera is positioned at the side and/or top of the
cage – depending upon how the behavior will be scored. Cam-
eras should be interfaced both to a video monitor that permits
video quality and clarity to be monitored and to a computer for
live scoring (Noldus Ethovision or Observer, Leesburg, VA) or for
use with behavioral recognition programs (Clever Sys Social Scan,
Reston, VA; BiObserve, Bonn, Germany) (see Note 1).

Fig. 19.2. Testing chamber for maternal behavior and monitoring of ultrasonic vocal-
izations. The ultrasonic microphone is positioned directly over the litter. The cage lid
is removed 15 min before testing to permit the dam to acclimate to the testing condi-
tions. This setup can be modified where a wire cage top remains on the cage to keep
animals from escaping and allows long-term monitoring of maternal behaviors and pup
ultrasonic vocalizations.
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Fig. 19.3. Apparatus for testing sexual behavior. This test is conducted in a plexiglas
chamber placed upon a stand with an angled mirror. Videotaping occurs from the side to
produce a duel image which permits detailed assessment of social interaction and mat-
ing behavior. In this image, the male (black) target mouse is interacting with a (white)
Swiss-Webster OVX estrogen–progesterone primed female. The posture and slightly ele-
vated tail of the female indicates she is receptive to the investigations of the male.

Fig. 19.4. Social affiliation test apparatus. The apparatus is divided into three chambers.
The mouse is placed into the center chamber and the time and amount of contacts or
interactions it has with the non-social and social stimulus objects are recorded. The
panels can also be removed and the mouse can be tested with the same protocol in a
single large chamber.

2.4. Detection of
Audible and
Ultrasonic
Vocalizations

While mice utter audible vocalizations, most rodents emit ultra-
sonic vocalizations. Microphones and software for recording
vocalizations are commercially available (see Note 2). The micro-
phone is positioned directly above the test chamber and not at an
angle because echoes perturb recordings. Recordings from indi-
vidual mice are best monitored in a sound attenuated chamber
(Fig. 19.5).
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Fig. 19.5. Setup for monitoring of pup ultrasonic calls. Ultrasonic calls of individual pups
can be assessed in sound-precluding test boxes, where the holder for the pup is main-
tained at a neutral nest temperature (32◦C). Note the position of the ultrasonic micro-
phone in the lid of the box, which is shut during testing. At the bottom panel, recordings
of several calls from a 9-day-old pup are shown. The y-axis shows frequency of calls
(kHz) and the x-axis shows the time scale in seconds. All three calls begin at 42.85,
43.08, and 43.27 s. The first two calls have two distinct components, with stable lower
frequency elements (∼50 kHz) and more dynamic multi-frequency elements (range 74–
125 kHz). The final call has a single 75–80 kHz element. Calls were recorded and ana-
lyzed with Avisoft Bioacoustics (Berlin, Germany) software.

2.5. Test Partners Partner mice are used for the resident-intruder, dyadic, social
affiliation, and sexual behavior experiments. In the three for-
mer tests, male and female C3H/HeJ mice that are approxi-
mately the same size and age as the target mice are used. Note,
C3H/HeJ mice give high levels of social investigation without
initiating attack, but are susceptible to vision abnormalities as
they age and must be screened for visual tracking of a mov-
ing object (6). For male sexual behavior, ovariectomized (OVX)
Swiss-Webster females (Taconic Farms, Germantown, NY) are
used; these mice are primed with estradiol benzoate and proges-
terone (Sigma-Aldrich, St. Louis, MO). For female sexual behav-
ior, C57BL/6J or BALB/c males are used. To track mice, animals
can be marked with ink, tattoo, or hair dye (leave the dye on the
fur ∼10 min, rinse with warm water, the dye marks are visible
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after several hours under infrared light). For most tests, partners
are group-housed. To reduce reactivity and promote social inves-
tigation, partners may be handled a week before testing. Twenty-
four hours before testing, partners are identified, tail-marked,
weighed, and matched to target mice. Typically, partners are used
once per test per day, except for tests of social memory or sexual
behavior (see Sections 3.2 and 3.4). If the partner has not initi-
ated attack behavior, been aggressed, or physically attacked, that
partner can be reused every 48–72 h (see Note 3).

3. Methods

3.1. Defining
Sociability in the
Mouse

Sociability is a multidimensional behavior that requires detection
and reactivity to stimuli, exploration, impulse control, emotion-
ality, motivation, and problem-solving abilities. For this reason,
social behaviors should be characterized into social domains.

3.1.1. The Social
Ethogram

Table 19.1 depicts a social ethogram that lists 54 discrete behav-
iors that the target and partner animals may display. The ethogram
classifies the behaviors into eight primary domains with three
secondary domains. The primary domains include mild social
investigation, intense social investigation, stationary reactivity,
locomotor reactivity, threatening postures, aggression, submis-
sion, and withdrawal (see Note 4). Latency measures, misdirected
behaviors, and solitary unclassified behaviors comprise secondary
domains. Behaviors are scored for both target and partner ani-
mals, since interpretation of the target’s social responses is con-
tingent upon the behavioral initiations and responses of the part-
ner (15; see Note 5). Given that emotional responses will change
after the first agonistic encounter (6, 15), it is important that all
behaviors be analyzed before and after the first display of threaten-
ing postures or aggression – regardless of which animal initiates
the response. For example, reactivity prior to the first agonistic
encounter is often reflective of the emotional state of the ani-
mal to social contact (6, 14, 15), whereas responses following the
encounter are defensive and performed to reduce the probabil-
ity of aggression. Behaviors may be scored as frequencies or total
durations (see Note 6).

3.1.2. Analyses of Data
from Social Behavior
Tests

While each social paradigm has specialized measures, scoring
behaviors are fairly universal across tests. The ethogram in
Table 19.1 will suffice for most testing.

1. Behaviors can be scored as individual events and reported as
frequencies or scored as states where both frequencies of a
given behavior and its duration are reported.
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Table 19.1
Behavioral ethogram for social interactiona

Mild social interactionb

1. Approach
2. Stretch-attend

3. Sniff face
4. Sniff tail (tip or end)

Intense social interactionc

5. Sniff side

6. Sniff back
7. Sniff tail (base)

8. Nose (beneath tail)
9. Grooming face

10. Grooming head (back, sides, and neck)
11. Grooming body (not climb-groom, see 32)

12. Touch (but not pushing or shoving, see 31)
Stationary reactivity d

13. Eyes closed
14. Vocalization

15. Boxing
16. Holding

17. Immobility/freezing
18. Pushing

19. Kicking
Locomotor reactivity e

20. Kicking
21. Darting or escape behavior

22. Jumping
Threatening postures f

23. Feinting
24. Rushing

25. Mounting
26. Clawing

27. Pushing/shoving
28. Climb-grooming

29. Tail rattling
Aggression

30. Biting
31. Chasing

32. Lunging
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Table 19.1
(continued)

33. Wrestling

34. Attacking
Withdrawal behaviors g

35. Turning away (from the other animal)
36. Walking away (from the other animal)

37. Avoiding (the other animal)
38. Withdrawal (walking backward from the other animal)

Submissive behaviors h

39. Submissive – mouse may lie on side, back, or assume “flat” position

40. Submissive – mouse will stand upright and/or remain rigid
Misdirected behaviors

41. Tunneling (front or side, crawling under abdomen or between rear
legs of animal)

42. Following (walking behind the other mouse but within one body
length or closer)

Latency measures
43. To first approach or investigation

44. To first reactivity to social investigation
45. To first agonistic exchange

46. To first aggressive exchange
Unclassified or solitary behaviors

47. Self-grooming
48. Laying down

49. Jumping
50. Tremor

51. Freezing
52. Vocalizations

53. Sleeping
54. Sifting (when cob bedding is present)

aSee (6, 14, 15, 44) for detailed descriptions of behaviors.
bMild Social Interaction refers to brief investigative contact with the nose and no
physical contact.
cIntense Social Interaction denotes prolonged physical contact with the nose, mouth,
or paws.
dStationary Reactivity involves reactive responses to social contact that are performed
within a small space.
eLocomotor Reactivity includes reactive responses to social contact that are performed
while the animal is disengaging or leaving the proximity of the other animal.
fThreatening Postures concern brief agonistic responses which do not include biting
or attacking.
gWithdrawal Behaviors refer to slow disengagement from the other animal.
hSubmissive Behaviors are typically observed after threatening postures or
aggression.
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2. Under most conditions, incidences of threatening postures
and aggression are of greatest interest to the investiga-
tor. In addition to frequencies and durations, the latency
to the first agonistic event (i.e., threatening posture or
aggressive behavior) and latency to first attack or bite are
scored.

3. Since social interactions change after the first agonistic event,
behaviors should be reported as frequencies and durations
before and after this occurrence.

4. If social interaction is not observed, then the videotapes
need to be reviewed for evidence for stereotyped or perse-
verative behaviors or other competing/impeding responses
(e.g., locomotor deficiencies, anosmia, blindness, anxiety,
and fear).

5. If automated scoring programs are used and mice are video-
taped from the top of the cage, tracings of the animal’s
activity and exploration can be assessed (Fig. 19.6). These
data provide important information about patterns of explo-
ration, escape, or perseverative responses.

3.2. Social Affiliation Social affiliation is a simple and rapid test that examines basic
social behaviors. The test evaluates the propensity of the animal to
explore stimuli in three phases: non-social objects, a novel social
stimulus, and a familiar social reference. The test is flexible, in that

Fig. 19.6. Activity tracings from a social affiliation/preference test. Tracings provide
important information about the exploration pattern of the mice. The mouse was tested
in a single chamber apparatus to measure the ability of the animal to discriminate
social and non-social stimuli. Tracings were produced with BiObserve (Bonn, Germany)
software.
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the types of social partners can be varied and, if desired, animals
can be tested at different intervals to assess short-term, long-term,
or remote social memory (see Note 7).

3.2.1. Preparation of
Test Animals

One week prior to testing, partner mice should be trained to sit
inside the social stimulus cage in the test arena for 5–10 min each
day. Twenty-four hours before testing, target mice should be tail-
marked and matched for weight and sex to a partner animal.

3.2.2. Social Affiliation
Testing

1. First phase: non-social exploration. Two empty cages (non-
social stimulus 1 or NS1 and non-social stimulus 2 or NS2)
are placed in the center of the two outer chambers of the
apparatus (Fig. 19.4). Often the cages are empty, but two
identical non-social stimulus objects may be placed inside
each cage (see Note 8).

2. Testing begins when the target mouse is placed in the center
chamber. The responses of the target animal are videotaped
for 10 min.

3. Second test phase: social/non-social exploration/
preference. At the end of the first test phase, the tar-
get is placed into a clean holding cage. One of the
non-social stimulus cages (NS2) is removed and replaced
with an identical cage containing a partner animal (social
stimulus 1 or SS1). The target is reintroduced into the
center chamber and its responses are videotaped for 10 min.

4. Third test phase: novel/familiar social preference. After the
second test phase, the target mouse is removed to the hold-
ing cage. NS1 is removed and replaced with a novel test
partner (SS2) where preference for the familiar SS1 and a
novel SS2 partner is compared. Testing begins when the tar-
get mouse is reintroduced into the center chamber; behav-
iors are videotaped for 10 min. Intervals between the sec-
ond and third test phases can be varied (see Note 7) to assess
short- and long-term memory and can be repeated 10–14
days later for remote social memory.

3.2.3. Analyses of Social
Affiliation Responses

1. Behaviors scored for frequency and duration during each test
include contacts made with each test cage (orientation by
the target to within 1 cm of the stimulus cage), time spent
at each cage, and latency to make the first contact with each
cage.

2. Total time spent exploring the two cages is recorded and a
preference score is calculated: [(SS1 – NS1)/(SS1 + NS1)]
or [(SS2 – SS1)/(SS2 + SS1)], where positive scores indi-
cate preference for the novel stimulus, negative scores reflect
preference for the familiar stimulus, and scores approximat-
ing “0” indicate no preference.
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3. All incidences of responses toward the test cages should be
scored, including freezing, lunging, tail rattling, feinting,
and so forth. These behaviors provide important informa-
tion for the interpretation of the final results.

3.3. Resident-
Intruder and Social
Dyadic Tests

Aggression refers to agonistic behaviors that support the initiation
of an attack (21, 22). Aggression can be offensive or defensive; its
categorization is affected by factors that regulate several levels of
behavioral organization. A number of tests have been designed
to examine agonistic responses in mice; the most notable are the
resident-intruder test which is conducted in the target animal’s
home cage and the social dyadic exchange which occurs in a novel
environment (6, 14, 15, 19) (Fig. 19.1).

3.3.1. Preparation of
Test Animals

Test partners should be prepared as described (see Section 2.5).
Target mice should be housed individually for at least 14–21
days before the onset of testing. Target mice are evaluated in the
resident-intruder assay followed 7–10 days later by social dyadic
testing. The cages should not be cleaned for at least 72 h prior to
testing.

3.3.2. Resident-Intruder
Test

1. Thirty minutes before testing, the wire cage top, food, and
water bottle are removed (Fig. 19.1). Any excess amount
of nesting material should be partially removed to reduce
background noise and provide a “home base” for the target
mouse. A filter or clear top should be placed on the cage,
to reduce excessive rearing behaviors and the possibility of
escape.

2. The target mouse should be videotaped for 5 min prior to
introduction of the test partner to obtain baseline responses.
If ultrasonic vocalizations are monitored, then the recording
should commence with the onset of videotaping.

3. An age-sex-weight matched partner animal is introduced
into an area of the target’s home cage opposite the target
animal, avoiding the nesting area.

4. Interactions are videotaped for 10 min. If an attack occurs,
then this time should be recorded. If the attack is sustained
for longer than 30 s without interruption, the test should be
terminated and the partner removed. In the case of highly
aggressive mice, tests may be reduced to 5 min in duration.

5. Once the partner is removed, the wire cage top, food, water,
and filter top are replaced on the home cage and the animal
is returned to the housing facility.

3.3.3. Social Dyadic Test 1. The target mouse is removed from the home cage and placed
on one side of the test chamber and is separated by a solid



354 Rodriguiz, Colvin, and Wetsel

divider from its appropriate age-sex-weight matched partner
(Fig. 19.1).

2. Target and partner mice are videotaped for 5 min. If ultra-
sonic vocalizations are monitored, then these recordings
should begin with videotaping.

3. After the 5 min acclimatization period, the divider is
removed and behavioral interactions are recorded for
10 min. If an attack is sustained for more than 30 s without
interruption, the test should be terminated and the partner
removed. In the case of highly aggressive mice, the test dura-
tion should be reduced to 5 min.

4. Upon completion of testing, the partner and the target ani-
mal are returned to their respective home cages (see Note 9).

3.3.4. Analyses of Social
Behaviors in the
Resident-Intruder and
Dyadic Tests

Behaviors are scored and analyzed with the ethogram (see
Section 3.1.1; Table 19.1).

3.4. Reproductive
Behaviors

Reproductive behavior refers to mating behavior and partner
preferences (7), as well as assessment of maternal behaviors,
scent marking, and odorant communication (23). In males sex-
ual behaviors can be observed ∼10 days after the pubertal rise in
testosterone, whereas in females they are observed ∼1–2 weeks
after vaginal opening (24).

3.4.1. Male and Female
Sexual Behavior

1. Swiss-Webster females are OVX ∼2 weeks before beginning
the study.

2. Four days before testing, OVX females are treated with 10
μg estradiol benzoate dissolved in sesame oil (s.c.) for three
consecutive days. On the fourth day, 500 μg progesterone in
sesame oil (s.c.) is given 5–7 h before testing (see Note 10).

3. Target males are housed individually in polycarbonate cages
(Fig. 19.3) with a small amount of cob bedding, nest-
ing materials, food pellets, and water 4 days before testing.
Chambers are placed in the test room 12 h before testing.

4. One hour before testing, the cob bedding, nesting materi-
als, food, and water are removed. Testing commences 1 h
following onset of the dark cycle.

5. The cage is placed on the mirror stand 10 min before testing.
If ultrasonic calls are recorded, the microphone should be
positioned directly above the cage. Video recordings should
be from the side view (Fig. 19.3).

6. Testing starts when the female is introduced into the cage.
All social interactions are videotaped for 30–60 min (see
Note 11).
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7. The frequencies and durations of social contacts between
animals and the latencies, frequencies, and durations
of mounting, intromission, and ejaculation are scored
(7, 25). Receptivity of the female can be scored also (25)
(Table 19.2).

8. For testing female sexual behavior, the procedures described
above are the same, except the male partners are C57BL/6
or BALB/c mice. Males should be housed in the observation
cages at least 4 days prior to testing, and the estrus cycle
of females will have to be followed to determine when they
will be most receptive (see Note 12). Alternatively, estrogen–
progesterone primed OVX females can be used.

3.4.2. Maternal Behavior Maternal behaviors are critical for the development and survival
of offspring. Induction of maternal behaviors requires specific
hormonal changes (26). Within the week after parturition, sen-
sory cues emitted by the pups help to sustain maternal responses
and modify these behaviors as the pups develop and become
autonomous. Maternal behavior includes not only responses
related to pup care but also preparatory behaviors before pup
delivery and defense of the litter (27).

The primary variables used to measure maternal behavior
include nest building; nursing, licking, and grooming the pups;

Table 19.2
Female receptivitya

Receptivity Description

High No attempts to avoid male before or during mounting
or intromission. Male determines when contact is
broken

Good No attempt to avoid male before mounting, but may
vocalize or hop during intromission. Male determines
when contact is broken

Average No attempt to avoid male before mounting, but may
move away or kick male initially during mounting.
Male determines when contact is broken

Poor Female assumes defensive posture when male
approaches and shows increased vocalization, kicking,
and moves during intromission. Frequent attempts
required by the male to mate successfully.
Intromission may not occur. Female determines when
contact is broken

Unreceptive Female avoids or aggresses the male. She does not allow
mounting; mating is incomplete

aSee (25).
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pup retrieval to the nest; and the presence of milk in the stomach
of the pup. In addition, emission of ultrasonic vocalizations by the
pups can be important mediators of maternal behavior (28, 29).
Maternal behaviors are usually assessed in naturalistic settings in
an undisturbed home cage and within the first 10 days after par-
turition (see Note 13).

1. Pregnant females are housed individually ∼72 h before
anticipated parturition (Fig. 19.2). Newborns should be
undisturbed for 48–72 h (see Note 13).

2. Home cages with the dam and pups should be moved to
the test area ∼12 h before videotaping. If assessments are
made across multiple days, the home cage should remain in
the test area throughout testing.

3. Maternal behavior is best observed between postnatal days
3–10. If a single day is selected, then postnatal day 5 or
8 provides the best opportunity to observe behaviors and
obtain ultrasonic calling from pups (see Note 14).

4. Food and water bottles can be left in place during videotap-
ing; however, the bottle or food holder should not interfere
with the observations (Fig. 19.2).

5. The microphone for ultrasonic vocalizations should be
positioned directly above the litter (Fig. 19.2). A wire
cage top can be positioned on the cage to contain the
dam. Note, it is important that the dam is acclimated
(10–30 min) to this change before testing. Dams should
be observed before the change is made and their activity
noted (e.g., nursing, eating, and sleeping); testing should
not begin until the dam has resumed normal activity.

6. Assessment of maternal behaviors typically requires several
recording sessions made each test day to provide enough
data for analyses (see Note 15). Observational sampling can
occur over 5–15 min every few hours or at more frequent
intervals over 5 min once an hour, 10 s every 5 min, and so
forth.

7. Ultrasonic vocalization recordings need to be synchro-
nized with the videotapes to determine whether maternal
responses precede or follow pup vocalizations.

8. Maternal behaviors are best analyzed as states, with fre-
quencies and durations reported. Behaviors include mater-
nal handling and manipulation of pups in the nest or within
the home cage, licking or grooming pups, nursing, nest
building, pup retrieval (if pups are outside the nest area),
and duration spent on and off the nest. As dams may move
the nest and pups, it is important to map these changes and
synchronize them with the observed behaviors.
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9. Duration and frequency of nursing bouts should be scored.
Dams can engage in different types of nursing behav-
iors (high-arched back, low-arched back, and blanket pos-
tures; see 30). Variations in postures are related to eventual
changes in the pup’s adult stress responses and behaviors
(30, 31).

10. If maternal behaviors are infrequent, maternal behaviors
can be artificially induced by short-term pup separation.
This procedure typically provokes maternal behaviors and
ultrasonic vocalizations in the pups and provides a means
to distinguish groups based upon genotype, drug treat-
ments, or other manipulations. Typically maternal behav-
iors are monitored for 30 min before separation, at which
time the entire litter is removed from the nest and placed
into a holding cup maintained at 32◦C. During separa-
tion (60–300 s), the dam’s behaviors are videotaped. Ultra-
sonic vocalizations are monitored from the litter during
the separation. After this time, the litter is returned to the
home cage but to an area of the cage opposite that of the
nest. This procedure provokes high rates of pup retrieval,
grooming, and nest building by the dam (see Note 16).

3.5. Ultrasonic
Vocalizations

Ultrasonic vocalizations are used by young and adult mice in
social interactions or during emotional states. These calls are emit-
ted at frequencies between 20 and 120 kHz and require spe-
cial detectors that can record, analyze, and playback the calls (see
Section 2.4; Fig. 19.5). Ultrasonic vocalizations can be moni-
tored for individual animals in isolated or sound attenuated boxes
or in freely interacting contexts of the home cage or test arena.
When recording ultrasonic calls, positioning of the microphone is
important since echoes of the emitted ultrasounds can affect the
recordings.

Ultrasonic vocalizations are discrete utterances composed of
single or multiple “syllables” that contain one or more notes
(32–35) (Fig. 19.5). These syllables occur in sequence as a
“phrase.” When the phrases are repeated they are “motifs.” The
syllables of the calls have varying characteristics. For example,
chirp-like syllables are emitted rapidly (20–200 ms in length);
calls are rarely less than 20 ms in duration (32–35). Call frequen-
cies for mice typically range from 35 to 110 kHz. More recently,
alarm cries in rats have been reported at lower frequencies (36);
hence, investigators should monitor all frequencies between 20
and 120 kHz (see Note 17).

Males are more likely to emit ultrasonic calls than females
during social investigation, aggressive encounters, and sexual con-
texts and when presented with the urinary pheromones from
the opposite sex (32, 35, 36). Male vocalizations are often at
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70 kHz during sexual behavior since females are more receptive
to males uttering 70 kHz calls (7, 37, 38). Parenthetically, lower
frequency calls are also reported (7, 32). When vocalizing males
fail to emit 70 kHz calls, estrus females may lose interest and in
some circumstances aggress the male (7). By comparison, very
few reports of adult female ultrasonic vocalizations are reported
(39, 40). Despite the fact that neonatal mice call frequently dur-
ing the mother–pup interactions (28, 29, 32), lactating females
rarely utter ultrasonic calls in response to their offspring. Neona-
tal mice (0–11 postnatal days) typically emit calls between 60 and
100 kHz, which in turn elicits maternal behaviors such as pup
retrieval, grooming, and nursing. Pups tend to elicit calls when
exposed to clean bedding or dirty substrate from an unfamiliar
cage. By contrast, detection of unfamiliar stimuli by the pups,
such as the scent of an unfamiliar male, can provoke a marked
suppression of pup calls (28, 29, 33, 34).

4. Notes

1. Video cameras (infrared or low-light) should be interfaced
with any digital recorder (e.g., DVR and computer) or have
a detachable USB device. A number of software programs
are available that permit rapid conversion of videos to any
media format for analyses (see www.any-video-converter.
com).

2. Complete systems to assess ultrasonic vocalizations, includ-
ing recording and analyses of the audio files, can be
obtained from Avisoft Bioacoustics (Berlin, Germany) or
Metris B.V. (Hoofddorp, the Netherlands). These systems
provide the capability of recording a broad range of call fre-
quencies (10–200 kHz) from a single microphone. If bat
detectors are used, then a detector and microphone will
be required for each frequency range (40–60, 60–80, and
80–100 kHz) sampled. Detectors can be interfaced to
oscilloscopes where the number of calls per time period is
identified and measured (41).

3. Multiple exposures of males to social dyadic testing can
promote increased aggression or propensities to attack,
even among C3H/HeJ male mice. Male C3H/HeJ part-
ners that attack should be removed from further testing,
unless submission or withdrawal in the target mouse is a
goal of the study.

4. Not all social behaviors are readily observed in all
paradigms. For example, during social affiliation test-

www.any-video-converter.com
www.any-video-converter.com
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ing where physical contact between mice is precluded,
incidences of attack are limited while tail rattling or lunging
may be observed.

5. The bi-directionality of social interaction is an important
consideration in the interpretation of results. Given that
agonistic behaviors are natural responses of male mice
defending a territory or of female mice defending a litter, it
is important to know whether the “aggression” displayed
by the target animal is offensive or defensive to the partner
or whether it is unprovoked.

6. Behavioral scoring programs (Noldus Observer) or auto-
mated behavioral recognition programs (Clever Sys Social
Scan) will output data as frequencies, durations, and aver-
age rates during a user-defined time period. Latencies to
first occurrence of a behavior during the entire test or over
a defined interval are provided in the outputs. If automated
methods for scoring videotapes are not available, behaviors
may be scored by hand at 5 s intervals. Here, the investi-
gator uses a stop-watch and records the behaviors that are
observed in the target and partner animals. Data are tran-
scribed as the numbers of 5 s blocks in which each behav-
ior occurs. Durations and latencies can be estimated within
5 s accuracy. Shorter intervals (2–3 s) can be used also to
make more precise estimates of the latency and duration
measures.

7. Approach and withdraw tendencies can be directly assessed
using novel or familiar non-social stimulus objects. Addi-
tionally, test partners in the social stimulus cage can be
varied so as to examine issues relating to social reference
memory, recognition of an aggressive partner, and prefer-
ences for estrus or non-estrus females. Intervals between
the second phase (non-social and social stimulus) and third
phase (familiar social stimulus and non-familiar social stim-
ulus) can be varied to permit examination of short-term
(<1 h) or long-term (24–72 h) or remote social memory
(>10 days).

8. Non-social stimulus objects should be plastic, glass, or a
non-porous material that can be easily cleaned. Objects
with distinct scents should be avoided.

9. Males should not be group-housed upon completion of
resident-intruder and dyadic tests, as long-term isolation
will promote territoriality and can contribute to excessive
aggression and fighting. Additionally, since mice are usu-
ally not suitable for other behavioral tests following social
isolation, resident-intruder and dyadic assessments should
be the last tests run.
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10. If the investigator plans to examine large numbers of mice
over the course of the dark cycle, progesterone injections
should be staggered so that testing falls within the 5–7 h
window following progesterone treatment.

11. Sexually primed females may be used once during the test
session. If OVX females are reused, they will need to be
re-primed with estrogen and progesterone with a hiatus of
14–21 days between hormone treatments.

12. The length of the estrus cycle in mice is variable but consists
of four stages: diestrus, proestrus, estrus, and metestrus
(42, 43). It is advised that vaginal smears be collected in
the morning of each day over an 8–10 day period to deter-
mine the cycling pattern. Note, collecting smears from
naïve mice can disrupt the cycle and repeated collection
over prolonged periods can prolong estrus cycles and can
introduce infection obscuring the cycle (42, 43).

13. Mother–pup interactions are typically observed between
postnatal days 3 and 11. Unnecessary disturbances of the
home cage within the first 72 h after parturition should be
avoided as this can reduce pup survivability by disrupting
the establishment of mother–pup interactions necessary for
the maintenance of maternal care. Postnatal days 0–3 can
be examined if pregnant females are moved into observa-
tion cages 24–48 h before giving birth and remain undis-
turbed during observation (videotaping/ultrasonic vocal-
ization recordings) over this time. After postnatal days
10–11, pups can thermoregulate and will become more
autonomous as their eyes open. At this time pups will
begin to leave the nest and expand their behavioral reper-
toire; ultrasonic vocalizations decrease. Observations dur-
ing postnatal days 11–21 require an expanded behavioral
ethogram (see Table 19.1).

14. Maternal behavioral should be examined according to lon-
gitudinal or cross-sectional designs. Longitudinal designs
permit better control of baseline differences in maternal
care and changes in behavior as the pups mature over time.
However, repeated, short-term (60–300 s) manipulations
of the litter can exert profound effects on dam behavior
and on physiology of the offspring. Given these “handling”
effects (31, 41), a cross-sectional design can be advanta-
geous, where a litter is examined only at a single time point.
The disadvantage of this approach is that many animals are
required to examine various ages.

15. Activity of the dam and pups can vary across the circadian
cycle. Hence, it may be necessary to conduct pilot stud-
ies where behavior is videotaped over several continuous



Neurophenotyping Genetically Modified Mice for Social Behavior 361

hours during the dark and light cycles. The videotapes can
be scanned to determine the most appropriate times for
testing.

16. Since removal of pups can produce marked changes in adult
behavior and induce stress responses in these pups, this pro-
cedure should be limited to only a few instances during the
neonatal and juvenile periods.

17. Many other features of the test environment can artificially
produce ultrasonic sounds that may be confused with true
vocalizations including, but not limited to, sound rever-
berations inside the cages, walking through the bedding,
nails of mice scratching the cage floors, investigator’s keys,
ceiling fans, air vents, or other electronic devices. These
sounds can be detected by performing an ultrasonic sweep
of the test environment before testing and the features of
this “noise” can be filtered. Since adult females rarely emit
ultrasonic calls (see Section 3.5), potential noise created by
bedding disturbances can be controlled by obtaining con-
trol recordings of a single adult female in the test environ-
ment over several minutes.
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