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Abstract 

Pain displays and the subsequent responses of observers in reaction to these behaviors are just 

starting to be researched in many species. However, the mechanisms and conditions regulating 

social approach towards another in pain are not well-studied. The current study evaluated social 

approach towards pups in pain in adult female mice (Mus musculus) with varying degrees of 

familiarity and relatedness to the pups. Social approach was measured by placing subjects in a 

forced-choice situation and determining how frequently subjects approached pups in pain vs. 

pups not in pain. Social approach varied across groups with no predictable relationship based on 

subject condition. Possible accounts for this behavior as well as implications are discussed.  



Effects of Maternal Relatedness     4 
 

The Effects of Maternal Relatedness on Social Approach in Mice 

The sensory modality of pain is distinct among sensory experiences. As a submodality of 

somatic sensation, it is the only percept that can be characterized as sensory and emotional in 

nature. Indeed, pain is characteristically defined as an unpleasant experience—a definition that 

inherently includes an emotional component. Pain can therefore be seen as an aversive stimulus. 

Nevertheless, the ability to feel pain and also physically express behaviors associated with pain 

may be evolutionarily adaptive. Not only might the sensation of pain inhibit dangerous or risky 

behavior by an individual, but it may also provide a social learning stimulus for others; those 

observing the pain behavior might learn to avoid whatever caused the pain behavior in the actor 

(Catania, 2007). Furthermore, pain-related behavior can serve as a visual stimulus to solicit aid 

or social approach from peers in the surrounding environment. Social approach towards another 

in pain is a common behavior in multiple species in the animal kingdom including rodents. 

However, the mechanisms underlying the social approach phenomenon in rodents are still 

relatively unclear.  

The current study seeks to understand how degrees of maternal relatedness affect social 

approach behavior in mice (Mus musculus). By characterizing and identifying the potential role 

of relatedness in social approach, future research may be conducted to further understand the 

functional—and perhaps adaptive—role of social approach in animals.   

 The following literature review serves as a brief overview of the field of pain and pain-

related behavior research. A short primer on vocabulary associated with pain as well as a 

synopsis of some of the procedures used to elicit pain in mice in a laboratory setting are provided 

in order to acquaint the reader with terms that will be used throughout the paper.  Throughout the 

rest of the discussion, particular interest will be paid to pain expression and its behavioral 
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manifestations in neonatal rodents, which are qualitatively different from pain and pain behavior 

in adult rodents. The proposed distinction between neonatal and adult pain is of great import 

because it characterizes pain sensation and perception as being at least partially dependent on 

age. Specifically, past research indicates that while neonates perceive pain and are capable of 

displaying observable pain-related behaviors, neonatal pain perception is experienced more 

intensely and is divergent from adult rodent pain perception (Pattinson & Fitzgerald, 2004).  

 The structural and developmental aspects of pain pathways are relatively well-understood 

and will be addressed first in order to provide the reader with some basic knowledge of the 

primary anatomical pathways associated with pain research in neonates. An explanation of the 

differences between adult and neonatal neural pain pathways will provide anatomical support for 

differences in pain expression between neonatal and adult rodents. The discussion following 

observable pain in neonates will include an analysis of adaptive mechanisms related to pain as 

well as a summary of how neural pathways demonstrate and affect pain perception and 

modulation. Mothering behaviors in adult female rodents will also be reviewed as potential 

responses to alleviating stress or pain in pups. An assessment of these behaviors will lead to a 

broader discussion regarding social approach to animals in pain and its potential relation to basic 

models of empathy in animals. The review will ultimately culminate in a discussion of how past 

research informs and creates a framework for the current experiment.  

Defining and Measuring Pain 

 The experience of pain is comprised of sensory and emotional components. Thus, the 

term “pain” refers to a higher order process and is separate from the physical infliction of 

noxious stimuli. Perceived or actual tissue damage, also known as nociception, acts as a sensory 

stimulus for nociceptors—cells responsible for transmitting the sensation of pain from the site of 
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tissue damage to the brain via nervous pathways in the spinal cord, which are part of an 

ascending pain pathway. The ascending nociceptive circuit is excitatory; areas in the brain that 

help regulate arousal, fear and anxiety, motor functions, and autonomic functions such as 

heartbeat and breathing are activated by the electrochemical impulses received from the spinal 

cord. The activity in these brain regions can then be coordinated to produce appropriate pain-

related behavior. However, the brain also exerts inhibitory control over excitatory afferent 

signals and subsequent behaviors. Therefore, pain and pain-related behavioral displays are 

modulated through ascending excitatory and descending inhibitory anatomical pathways. In 

other words, the activity from both pathways affects pain perception. Therefore, an individual 

may experience a reduction in pain, known as analgesia, or an enhanced behavioral response to a 

noxious stimulus, known as hyperalgesia. Under special circumstances, allodynia, or pain from a 

non-injurious stimulus—such as touch on sunburned skin, may also occur. 

 Noxious stimulus administration to rodents can be regulated and manipulated in the lab 

through a variety of invasive and non-invasive tests. Test selection depends on a variety of 

factors including the age of the rodent and desired responses of the subjects (Gagliese & 

Melzack, 2000). One of the most commonly used assays is known as the writhing test. 

Researchers use this test to elicit prolonged displays of pain-related behavior in adult rodents. To 

perform the writhing test, researchers administer an intraperitoneal injection of low dose acetic 

acid to the subject causing the viscera and muscle walls to inflame. As a result, the abdominal 

muscles will reflexively constrict and produce observable writhing and stretching behavior by 

the subject (Mogil, 2006). Another test commonly used on both adult and infant mice is the 

formalin test (Vissers, De Jongh, Hoffmann, Heylen, Crul & Meert, 2003).  In this test, a dilute 

formalin solution is injected into the hind paw of a rodent, which causes the surrounding tissue to 
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become inflamed for an extended period of time. Pain is quantified by amount of time spent 

licking the affected paw—a common pain-related behavior thought to alleviate perceived 

discomfort. Both tests are viewed as controlled and modifiable models of pain displays; 

behaviors associated with pain can be eradicated with the administration of low doses of opioids 

or analgesics (pain relievers).  

 Both the writhing and formalin test provide researchers with a way to standardize 

administration of a noxious stimulus within and across studies. A controlled manipulation of pain 

is particularly helpful to researchers studying pain-related behavior across different 

environmental contexts; by keeping the stimulus constant, researchers can better understand how 

and under what circumstances displays of pain-behavior are expressed.        

Modulation of Pain 

The dissociation of pain and injury occurs through modulation processes. In other words, 

while two individuals may experience the same noxious stimulus, their perceptions of pain may 

be completely different based on environmental cues and activity in the organization of the 

nervous system. Thus, perceptual experience of pain is mediated by the brain, but it is also 

greatly affected by the surrounding environment. Analgesia and hyperalgesia can therefore be 

seen as phenomena regulated by the influences of external (i.e. social variables, time and 

location) and internal stimuli (i.e. development of the nervous system, gender and age; Vissers et 

al., 2003).  Modulation of pain is exhibited in both human and animal models (Keogh, 2009; 

Langford, Crager, Shehzad, Smith, Sotocinal, Levenstadt, Chanda, Levitin & Mogil, 2006; 

Loggia, Mogil & Bushnell, 2008).  

Soldiers wounded in war will often report that they did not feel any sort of pain sensation 

until after they stopped fighting or moved to a safer location (Beecher, 1946). Conversely, 
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individuals may report symptoms of pain despite the fact that no tissue damage has occurred, 

such as in cases of chronic pain. Given these two distinct phenomena, it appears that the 

perception of pain may occur without an immediately preceding painful stimulus and that 

exposure to a noxious stimulus does not necessarily generate perceptions of pain.  

Independent of environmental cues, the development of internal neural pathways may 

also regulate expression of pain (Vissers et al., 2003). For example, neonatal rodents display 

exaggerated pain-related behaviors as compared to adult rodents, which is at least partially due to 

a lack of descending inhibitory activity in the brain and spinal cord (Fitzgerald, 2005). Since 

ascending excitatory activity is unimpeded, reactions to mild noxious stimuli will evoke a 

hyperalgesic response in behavior. Adult rodents, on the other hand, have a fully-functioning 

descending inhibitory pain pathway, and thus do not show exaggerated pain displays. 

Consequently, the development of neural activity can also be seen as a source of differences in 

pain behavior between adult and neonatal rodents.  

Additionally, social environments have been shown to play an important role in pain 

expression in rodents such that pain-related behavior in mice has been shown to change based on 

the presence of other mice and their relation to the mouse in pain (Langford et al., 2006). More 

specifically, when a male mouse in pain is exposed to a stranger mouse, it demonstrates less 

pain-related behavior than when it is alone or in the presence of a familiar other. The analgesic 

behavior associated with the presence of a stranger mouse is most likely an attempt to make the 

mouse in pain appear less vulnerable to the stranger mouse. At the same time, when in the 

presence of a non-threatening cagemate, the mouse may exhibit signs of hyperalgesia. 

Exaggerated pain displays may therefore be a way in which a pained mouse can communicate its 

distress to a nearby conspecific. Additionally, pain displays may also elicit social approach or 
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care-giving behavior from the conspecific. Langford and colleagues (2006) concluded that this 

study provides evidence for a social modulation model since subjects’ pain displays were at least 

partially dependent on their familiarity with the other mouse. Furthermore, this study holds 

important implications for the adaptive mechanisms behind the modulation of pain, especially in 

respect to social modulation. If behavioral displays of pain can simultaneously elicit help from 

familiar conspecifics and alert strangers to vulnerability, it may be crucial for pain behavior to be 

under the control of ascending excitatory and descending inhibitory nervous pathways. By 

regulating displays of pain behavior, the benefits of social approach can be maximized while the 

risks of attack due to vulnerability can be minimized. 

Pain-Related Behavioral Displays as Communication 

The ability to alter pain-related behavior and perception of pain suggests that displays of 

pain behavior can fulfill a communicative role with other animals. However, in order for this 

theory of pain as a form of communication to be supported, two conditions must apply: (1) pain 

displays must be correctly identified by an observer pain-related behavior as experienced by the 

actor, and (2) the observer must respond to these behaviors.  

Recognizing Pain Behavior in Another 

Displays of pain must be observable and recognized by conspecifics as distinct from 

other behaviors. While the behaviors associated with pain are dependent upon the type of 

nociception, there are clear behavioral patterns that can be associated with pain because they do 

not occur in the absence of nociception. For example, the writhing test causes a subject to stretch 

its abdominal musculature—a behavior that occurs only when a rodent is in pain (Langford et al., 

2006). After an injection of formalin or post-surgery, animals will lick the site of injection or 

surgical incision. Attending to the site of an injury has been observed in both laboratory and non-
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laboratory settings (Kandel, Schwartz & Jessell, 2000). In recognizing the uniqueness of these 

pain-related behaviors, it appears that these activities are distinguishable from behaviors not 

associated with pain. Additional evidence on pain recognition is provided by studies conducted 

on human participants that assess ability to recognize the pained facial expressions of others. 

Recognition of Faces in Pain 

 The relative ease with which pain can be recognized in humans is universal—facial 

expressions of those in pain show little variation across cultures. De Waal (2008) argues that this 

universality may be a result of the automaticity of pain expressions. In other words, the 

experience of acute pain is immediate and thus the expressions associated with pain are 

automatic responses that invariably exist in all humans regardless of culture. The theory 

described by de Waal (2008) has been supported using the Facial Action Coding System (Cohn, 

Ambadar & Ekman, 2007). Simon and colleagues (Simon, Craig, Gosselin, Belin & Rainville, 

2008) found that pain is a unique emotion that involves distinct facial distortions (as measured 

by the Facial Action Coding System), which are highly recognizable. Specifically, the 

researchers concluded that single traits associated with pained facial expressions (i.e. brow 

furrowing) are not enough to identify a pained facial expression. Rather, it is a combination of 

multiple traits including a lowered brow, a raised upper lip parted from a stretched lower lip, and 

a raised cheek that distinguishes pain from other emotions (Simon et al., 2008). 

The proposed universality of pained facial expressions is particularly salient when 

perceiving pain in newborns (Craig, Grunau & Aquan-Assee, 1988). Craig and colleagues 

studied facial activity and crying in newborns as a measure of pain perception.  Adult 

participants were asked to rate the intensity of pain of an infant in a video clip after the infant 

had undergone a routine heel lance to draw blood samples. The researchers found that a high 
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intensity cry pitch and higher level of facial activity was correlated with adults’ high ratings of 

intense sensory pain and distress. Facial activity was the primary determinant of the level of the 

participants’ ratings. Interestingly, most participants were unable to isolate and identify 

particular stimuli that caused them to rate the newborn as experiencing an intense amount of 

pain. Much like the study done by Simon and colleagues (2008), these findings suggest that an 

understanding of pain or distress in another is not exposure to a single behavior (i.e. brow bulge, 

taut tongue, or vertically stretched mouth) but rather a composite of all these activities, which 

can be taken to represent one emotion.  

The ability to recognize pain in another, especially an infant may be evolutionarily 

adaptive because it may elicit care-giving behavior that can protect the newborn (Catania, 2007). 

Similar to maternal behavior in neonatal rodents, maternal activity in human mothers may have 

long-term effects on children’s behaviors. For example, a lack of responsiveness to crying or 

pain-related behavior in an infant is correlated with detriments in emotional control (i.e. 

throwing tantrums) and an increase in risky behavior (Bosch & Neumann, 2008; Catania, 2007; 

Preston & de Waal, 2002). Given the potential consequences of not responding to the pain 

behavior of another, it is crucial for observers of pain behavior to recognize and react to those 

experiencing pain, especially in the context of a care-giving relationship. 

Responding to Pain Behavior in Another 

Pain expression must elicit a response from an observer in order for the expression to be 

characterized as an effective signifier of pain (Prkachin & Craig, 1986). Female mice have been 

shown to preferentially approach other familiar female conspecifics who were expressing pain-

related behavior when compared to other female mice not in pain (Langford et al., 2010). While 

the motivation behind this behavior is not well understood, one possible explanation is that the 
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observer mouse was sensitive to the pain expressions in the actor mouse and was thus prompted 

to approach the mouse in pain. Additionally, researchers have shown that mice become hyper-

sensitized to noxious stimuli when in the presence of a pained and familiar conspecific (Lanford 

et al., 2006). Consequently, these researchers have proposed that heightened sensitivity to painful 

stimuli in observer mice may be a precursory behavior to the human concept of empathy. 

However, before the argument for empathic behavior in animals can be discussed, an 

understanding of the mechanisms contributing to pain behavior and recognition of pain is 

necessary.  

Ascending Excitatory Pathways 

Given the proposed theories of pain modulation and pain behavior as a communication, it 

is important to understand how and under what circumstances nociception leads to pain 

perception and subsequent behavior. After an explanation of nociceptive pathways and signal 

transmission, the mechanisms through which nociceptive signals can be manipulated and 

inhibited will be explored in order to provide evidence for how modulation of pain expression is 

made anatomically feasible. 

Pain Sensation       

The sensory aspect of pain is modulated via ascending excitatory and descending 

inhibitory pathways to and from the brain. Sensations of pain arise when nociception occurs 

somewhere on the body, the stimulus is converted into electrochemical activity, and the signal 

travels through the spinal cord and up to the brain via nociceptors. The input received from 

nociceptors contributes to the higher order process of pain and pain perception. Three main 

classes of nociceptors exist throughout the body. Each class is sensitive to certain types of 

nociception. Thermal nociceptors respond to extreme thermal stimuli—both hot and cold, while 
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mechanical nociceptors respond to intense exertion of pressure on the skin. Polymodal 

nociceptors respond to a range of thermal, mechanical, and chemical stimuli.   

Nociceptors are not only specialized to respond to certain types of tissue damage, but are 

also sensitive to stimuli based on how frequently the nociceptor is activated. Frequent activation 

of the same nociceptor can lead to a sensation or perception that differs from the first time the 

nociceptor was activated. In most cases, there is a change in the threshold of a nociceptor such 

that the threshold is reduced. This is known as sensitization and it leads to a heightened response 

to noxious stimuli. Behaviorally, sensitization of a circuit causes hyperalgesia. 

The organizational pattern of nociceptors is very structurally precise. Most afferent 

nociceptive fibers terminate in the dorsal horn of the spinal cord. There are six layers (laminae) 

within the dorsal horn into which the fibers can feed. The precise location of the cell bodies 

within the dorsal horn laminae depends on the anatomical location and function of the 

nociceptive fibers. Organization within the dorsal horn also gives a clue as to where the neuronal 

output will project into the brain. Some outputs will be relayed to higher-level brain centers (i.e. 

signals from Lamina I) while others will be related to lower-level brain structures (i.e. signals 

from Lamina V).  

There are five anatomical pathways that carry information from the spinal cord to the 

brain: the spinothalamic, spinoreticular, spinomesencephalic, cervicothalamic, and 

spinohypothalamic pathways. The pathways project on to the thalamus, reticular formation, 

parabranchial nuclei (and then on to the amygdala), midbrain (and then on to the thalamus) and 

hypothalamus, respectively. Many of these brain structures are associated with inducing states of 

arousal, fear, and anxiety and include areas that regulate autonomic functioning such as heart rate 

and breathing. However, less than ten percent of all the neurons in the dorsal horn actually 
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project signals to the brain (Kandel et al., 2000). Many of the neurons within the dorsal horn of 

the spinal cord are interneurons. Interneurons, which integrate and modulate afferent and efferent 

activities, help to coordinate pain sensation and pain behavior.  

Pain Perception 

Once the afferent signals have reached various locations within the brain, they are 

coordinated to produce an appropriate response. Responses to nociceptive input include motor 

activity to relieve or reduce pain, the release of hormones and neurotransmitters, and the 

activation of descending inhibitory signals to block incoming nociceptor input (Vissers et al., 

2003). Most of the incoming sensory information is projected onto the thalamus via the 

spinothalamic tract. The thalamus then sends its signals to a range of other brain structures 

including the cerebral cortex, the cingluate gyrus, and the reticular formation. The cingulate 

gyrus is thought to play a role in the emotional processing of pain, while the insular cortex 

contributes to the autonomic responses associated with the experience of pain (Kandel et al., 

2000). Within the cerebral cortex, information is processed in the somatosensory cortex to 

produce the conscious subjective experience of pain. This includes the quality, location, and 

intensity of pain in the individual. The cingulate gyrus, which is located in the limbic system, is 

thought to process and initiate an emotional response to the pain. The reticular formation, which 

is located in the brainstem and associated with consciousness and regulating autonomic 

functions, is thought to play a role in pain-related arousal. 

Descending Inhibitory Pathways 

It has been established that nervous pathways are responsible for the sensation of pain 

and that the experience of pain is modulatory, but how are neural pathways capable of altering 

one’s perception of pain? Perception is regulated by ascending excitatory and descending 
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inhibitory neural pathways. Both pathways are separate entities, though the summation of 

activity of both systems is responsible for the overall perception of pain. As described earlier, 

pain is perceived when ascending excitatory signals send information to the brain to be 

simultaneously processed in regions such as the limbic system, reticular formation, and cerebral 

cortex. However, if ascending excitatory signals are not received by the brain, no perception of 

pain occurs. One mechanism through which ascending excitatory signals are blocked is through 

descending inhibitory pathways, which may be activated for a variety of reasons.  

One means of activating descending inhibition in the laboratory is known as stimulation-

produced analgesia, which inhibits ascending excitatory transmission in the spinal cord. This 

pathway requires the stimulation of periaqueductal gray matter—an area of the midbrain that 

receives the majority of its input from ascending excitatory fibers in the spinal cord. The 

activation of the periaqueductal gray matter (PAG) is executed through excitatory neuronal 

connections with the rostroventral medulla, a part of the medulla that helps regulate autonomic 

functions and the transmission of serotonin. Specifically, neurons in the PAG make excitatory 

connections with serotonergic neurons in the midline of the nucleus raphe magnus, a structure 

that has been shown to play a role in serotonin production. Electrical stimulation of these areas 

has been shown to cause analgesia in rats without affecting sensory or motor control, thus 

suggesting that these brain regions, which are also profoundly sensitive to morphine, play a role 

in mediating pain inhibition (Terman & Liebeskind, 1986).  

While the analgesic properties associated with stimulation-produced analgesia provide 

evidence for the existence of an endogenous inhibitory pain pathway, there must also be an 

endogenous means to activate the system—that is, the inhibitory pathway must function without 

electrical stimulation administered by an experimenter. This type of endogenous pain 
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suppression does, in fact, occur through opiate- and non-opiate-mediated systems and may be 

evolutionarily adaptive (Sternberg, 2007). Terman and Liebeskind (1986) argue that naturally 

occurring pain suppression might be advantageous during times of stress if the perception of pain 

disrupted attempts to retreat or defend oneself. In such a stressful situation, stress-induced 

analgesia may be adaptive because “pain suppression would have a greater survival value than 

pain perception itself” (Terman & Liebeskind, 1986, p. 300).  

Stress-induced analgesia can be opiate- or non-opiate-mediated depending on the 

characteristics of the stressor (Hurley & Adams, 2008; Maier, 1986). Opioid stress-induced 

analgesia responds to morphine and endogenous opiates (Watkins & Mayer, 1986), and functions 

by inhibiting efferent spinal cord transmission through the dorsolateral funiculus, a part of the 

descending inhibitory system located on the dorsal side of the spinal cord. This form of stress-

induced analgesia is likely to occur when the stressful stimulus (i.e. a shock) is inescapable 

(Maier, 1986). Conversely, non-opioid stress-induced analgesia is not affected by morphine nor 

is it attenuated by the opioid antagonist naloxone. This system is associated with avoidable 

stimuli (i.e. a shock that can be eliminated by pressing a lever) and may also hold important 

implications for avoidance learning (Maier, 1986; Nagase & Brush, 1986).  

Based on the work done by Watkins and Mayer (1986), Nagase and Brush (1986), and 

Maier (1986), it appears that pain perception is mediated by both an ascending excitatory 

pathway and a descending inhibitory pathway. Therefore, one’s perception of pain at any given 

moment is the product of both ascending excitatory and descending inhibitory signals. 

Furthermore, it appears as though the activation of descending inhibitory pathways is at least 

partially dependent on the external environment and possibility of avoiding stressful stimuli.  
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Gender Differences in Pain Perception in Rodents 

As established by stress-induced analgesia research, the perception of pain is based on the 

concurrent activities of the ascending excitatory pathway and the descending inhibitory pathway. 

However, other factors such as gender also appear to play a role in pain perception and may 

account for some of the observed individual differences in pain thresholds in rodents (Hurley & 

Adams, 2008). Furthermore, recent research has found that gender may be an important source 

of variability in pain perception and that it may be present within the first few days of life 

(Fuller, 2002).  

The literature on gender differences and pain thresholds in rodents varies in its 

conclusions on gender differences. These discrepancies may be due in part to the different forms 

of stressful and painful stimuli administered to subjects (Fuller, 2002). Hurley and Adams (2008) 

argue, “It has become ‘well accepted’ that female rodents have a lower pain threshold in 

experimental models of hot thermal, chemical, inflammatory, and mechanical nociception” (p. 

311). This theory is further evidenced in a study done by Sternberg and colleagues (Sternberg, 

Smith & Scorr, 2004) in which the researchers found that male pups have a longer withdrawal 

latency than females on hot-plate tests, but during baseline testing on tail-immersion tests the 

opposite is true. Hurley and Adams (2008) also note that male rodents appear to have greater 

stress-induced analgesia when exposed to numerous measures such as forced cold-water swim, 

restraint, and predator exposure. Mild electrical shocks also show similar results of stress-

induced analgesia.  

While it is unclear as to why these differences exist, a potential explanation relates to the 

role of hormone levels. Gonadal steroids, which include androgens, estrogens, and progestins, 

have been the focus of numerous studies examining sex differences in the morphology of the 
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central nervous system (Craft, Mogil & Aloisi, 2004).  Specifically, Aloisi and Ceccarelli (2000) 

found that male rats that received an intracerebroventricular injection of estradiol showed 

exacerbated pain behavior when exposed to formalin as compared to control subjects which 

received intracerebrocentricular injections of saline. The effect of estradiol on the rats’ pain 

behavior suggests that this hormone, which is found in higher concentrations in females than in 

males, may explain why female rodents show heightened sensitivity to chemically-induced pain.  

Hormonal differences are present early in life and may therefore play a role in how pain-

related behavior is displayed in neonates. However, gonadal hormone levels are not the only 

mediators of pain expression. The actual development of ascending excitatory and descending 

inhibitory pain pathways has also been shown to regulate neonatal responses to pain.     

The Development of Pain Pathways 

Although neonatal rodents are capable of perceiving pain and do elicit pain-related 

behavior, their nociceptive and anti-nociceptive systems are relatively immature when compared 

to the pain pathways found in adult rodents. Perhaps one of the most striking differences is the 

lack of a functional descending pain-inhibiting pathway at birth (Fitzgerald, 2005). Despite the 

presence of descending axons in the dorsolateral funiculus at birth, the ability to regulate pain via 

efferent signaling is non-functional until the first ten to twelve days after birth and is only fully 

established after approximately three weeks of life (Fitzgerald & Koltzenburg, 1986).  

Fitzgerald and Koltzenburg (1986) speculate that the immaturity of the ascending 

excitatory pathway might explain why descending inhibitory pain pathways are functionally 

underdeveloped at birth. In the neonatal excitatory pain pathway, there are relatively weak 

synaptic connections and the cells’ large receptive fields have higher thresholds in comparison to 

cells in adult mice. In fact, some cells in neonatal rat spinal cords have been shown to habituate 
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to painful stimuli rather than become sensitized. Due to weak synaptic connections and large 

receptive fields, nociceptors may not be as responsive to nociceptive stimuli as compared to 

adult rodents and may also be less efficient and accurate in transmitting excitatory signals from 

the site of nociception to the brain. The comparatively weak synaptic firing in the afferent 

excitatory pathway, in other words, does not provide a strong enough connection to establish 

coordinated excitatory and inhibitory responses. Therefore, a functional efferent inhibitory 

pathway cannot be established until stronger afferent synaptic connections are made.  

A secondary hypothesis proposed by Fitzgerald and Koltzenburg (1986) relates inhibitory 

control and complex behavioral patterns. Descending inhibitory control, they hypothesize, is 

related to complex motor behavior because it allows for the movement of certain muscles while 

concurrently inhibiting the movement of others. However, in order to control such intricate 

behaviors, a more basic pattern of functioning must be established first. Afferent signaling might 

be the mechanism through which simple reflexes and behavioral patterns are first created and 

efferent signaling might allow for compounding these patterns into more complex behaviors. 

This hypothesis is supported by research that correlates the activation of descending inhibitory 

control with more coordinated behavioral displays in rat pups (Weber & Stelzner, 1976). 

Excitatory and Inhibitory Pathways 

Despite physiologically under-developed ascending excitatory and descending inhibitory 

neural pathways, neonatal rodents are capable of experiencing pain and displaying a range of 

pain-related behaviors (Branchi, Santucci, Puopolo & Alleva, 2004). Many of the behaviors 

associated with pain in neonates such as licking and lying still (Branchi et al., 2004) are similar 

to behaviors expressed by adult rodents in pain. However, neonates tend to show more 

exaggerated displays of pain when exposed to mildly noxious stimuli than adults exposed to the 
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same stimuli. Such intense displays of pain-related behavior are likely influenced by excitatory 

and inhibitory transmitters and their receptors in developing nociceptive pathways (Schreyer & 

Jones, 1982).   

The development of the afferent excitatory and efferent inhibitory pain pathways 

involves a significant amount of growth, myelination, and reorganization. Not only must the 

systems organize themselves to detect acute pain, but other supporting pathways must also be 

established to aid in the transmission of these signals. This requires the coordination of various 

transmitters and receptors within the spinal cord. The main transmitters associated with the pain 

transmission pathway in the spinal cord are glutamate, which is the primary fast excitatory 

transmission mediator, and gamma-Aminobutyric acid (GABA), which is the principal inhibitory 

transmitter. These transmitters interact with a number of receptors to relay messages to the brain.  

Excitatory glutamatergic activity is mediated by three primary receptors—α-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), N-methyl-D-aspartate (NMDA), and 

kainate (KA) receptors. Each receptor is composed of subunits which alter their composition 

during growth thereby altering the functionality. In addition, AMPA and KA receptors are 

overexpressed in neonatal spinal cords and consequently show a marked decline as the rodents’ 

age. It is therefore likely that this surplus of AMPA and KA receptors plays an important role in 

developing pain pathways (Pattinson & Fitzgerald, 2004). Furthermore, since these receptors 

appear to play a key role in rapid excitatory transmission, Pattinson and Fitzgerald (2004) 

suggest that this surplus of receptors, in conjunction with a lack of inhibitory functioning, 

contributes to the intense pain-related behavioral displays in neonates when they are exposed to 

mildly noxious stimuli. 
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Inhibitory GABA activity is the result of interactions between the transmitter GABA and 

glycine receptors, the primary receptor for GABA in the spinal cord of neonatal rats (Pattinson & 

Fitzgerald, 2004). While GABA is present in high levels in the spinal cord at birth, little 

inhibitory action is seen until later in life. Instead, GABA and glycine receptors have been shown 

to have an excitatory role during development in both the brain and spinal cord (Marty & Llano, 

2005; Pattinson & Fitzgerald, 2004). The switch from excitatory to inhibitory functionality is 

likely to be activity-dependent. In addition, a change in the concentration of chloride ions 

facilitates the switch from depolarization (excitatory activation) to hyperpolarization (inhibitory 

activation). The excitatory role of GABA may further contribute to inflated reactions to painful 

stimuli in neonates.  

Ultrasonic Vocalizations and Pain-Related Behavior in Neonates 

Given the heightened sensitivity to pain in neonates, it is not surprising that pups are 

capable of producing sounds and behaviors to elicit approach from conspecifics in an attempt to 

call attention to their pained or distressed state and elicit aid. Behaviors that call attention to the 

experience of pain are particularly useful for neonates since their relatively uncoordinated and 

underdeveloped motor skills prevent them from escaping painful stimuli or regulating behavioral 

patterns that might ease the pain. 

Ultrasonic vocalizations are one way for pups to elicit aid while in distress. The stressful 

situations may be a result of separation from mother and littermates, exposure to extreme thermal 

stimuli—particularly the cold, or the introduction of a stranger adult male. These whistle-like 

distress calls, which usually range from 30-90 kHz and last for 10-200ms, are intended to evoke 

care-giving behavior from the mother (Branchi, Santucci & Alleva, 2001). Ultrasonic 

vocalizations are especially important during the first two weeks of life when pups are 
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completely dependent on their mother. Consequently, it is during these first two weeks when 

ultrasonic vocalization peaks (Vieira & Brown, 2002).  

The experience of pain produces ultrasonic vocalizations in neonates. Sternberg and 

colleagues (2005) found that rates of ultrasonic vocalization in mice post-surgery were 

significantly reduced when morphine was administered. Given the analgesic properties of 

morphine, it is not surprising that ultrasonic vocalizations were reduced when the subject’s post-

operative pain was also diminished. Mice that did not receive morphine after the surgery did not 

show decreases in ultrasonic vocalization. In fact, mice receiving post-operative saline showed 

increased ultrasonic vocalizations as compared to pups that did not undergo any surgery. Thus, 

ultrasonic vocalizations can be seen as a positively-correlated measure of pain such that 

increases in rates of ultrasonic vocalizations imply that the animal issuing the calls is 

experiencing more intense forms of discomfort or distress.  

During the first few days after birth, pups are unable to see, hear, or regulate their own 

body temperatures. The olfactory pathway is, in fact, one of the only well-functioning sensory 

modalities present in young neonates. Thus, behavior is organized primarily around olfactory 

stimulation. Branchi and colleagues (2004) found that head rising in neonates, an action 

associated with sampling olfactory airborne scents, increased significantly preceding ultrasonic 

vocalization calls. This behavioral repertoire may be used to investigate the surrounding 

environment and to detect the scents of familiar or unfamiliar others. In the event that the pup 

cannot detect its mother’s odor, it will begin to emit ultrasonic vocalizations to alert the mother 

of its location since it cannot return to the nest on its own (due to lack of motor and visual 

abilities). The other forms of motor activity—locomotion, wall climbing, probing, paddling, and 

rolling and curling—may serve as visual stimuli to further solicit aid from the mother.    
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As stated earlier, ultrasonic vocalizations in mice are produced primarily during the first 

two weeks of life with a peak during the first week of development and a sharp decline around 

fifteen days after birth. Calls after pups have stopped weaning are virtually nonexistent. 

However, the exact pattern of vocalization rate varies between species. The variation in 

vocalization patterning between individuals can be expected given that species develop at 

different rates and thus may require maternal attention for a longer or shorter period of time. In 

general, vocalization behaviors correspond with the development of new motor skills and the 

ability to thermoregulate. Specifically, a significant decrease in calls was found one day after the 

pups were able to hear, open their eyes, and surface right (Vieira & Brown, 2002). Furthermore, 

an inverse relationship was shown to exist between ultrasonic vocalization emission rates and 

more complex coordinated movements such as locomotion and self-grooming. This decrease is 

presumably due to the fact that the pups are more independent and better equipped to handle 

stressful situations. In addition, some situations, such as separation from the nest and mother, 

become less stressful in general. The change in stress levels associated with certain experiences 

is due in part to pups’ abilities to move on their own and travel to and from the nest with ease, 

but also due to their growing curiosity and desire to leave the nest to explore the surrounding 

environment. Likewise, as the pups develop the ability to regulate their own body temperature 

(homoiothermy), they become less likely to emit ultrasonic vocalizations when placed in cold 

environments.  

External Factors Related to Ultrasonic Vocalization Frequency 

The frequency with which calls are emitted varies as a function of maternal 

responsiveness such that higher maternal responsiveness is correlated with lower rates of 

ultrasonic vocalization (D’Amato, Scalera, Sarli & Moles, 2005). In addition, Shair (2007) found 
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that rates of ultrasonic vocalization are dependent on the amount of time between the last 

mother-pup contact and time of isolation. If the pup is in contact with the mother immediately 

before isolation, maternal potentiation occurs. That is, pups will vocalize at a higher frequency if 

they have just been exposed to their mother than if they were not in contact with their mother 

directly before isolation.  

The rate, duration, and intensity of ultrasonic vocalizations are also affected by the 

gender of the pup and the gender composition of the litter. Results from previous studies have 

been mixed regarding whether or not sex differences exist in rates of vocalization (Hahn & 

Lavooy, 2005; Vieira & Brown, 2002; Branchi et al., 2004; Alleva, Caprioli & Laviola, 1989). 

Naito and Tonoue (1987) recorded significantly higher levels of vocalization by males than 

females, but only on certain days of development that were not necessarily consecutive (e.g. 2-3 

and 12-13 days after birth). Furthermore, the researchers found that the gender composition of a 

litter was found to alter vocalization rate such that male rats were more likely to vocalize than 

female rats only if the males and females coexisted within the same litter. If the litter was single-

sex, male rats had a comparable rate of ultrasonic vocalization emission to females. Based on 

these findings, it appears that the presence of both genders within the same litter has some effect 

on sex differences in ultrasonic vocalization emission.  

Maternal Behavior 

Adult female rodents express particular patterns of behavior towards young pups, both 

male and female, to ensure their survival (Weber & Olsson, 2008). These behaviors usually 

include nest building, retrieving, licking, and assuming a lactating position over the pups and are 

often initiated in response to pups’ ultrasonic vocalizations. Thus it is possible to categorize 

these behaviors as part of a social approach repertoire to pups experiencing stress or pain.  
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The extent to which these behaviors are displayed is dependent upon a variety of external 

factors including the age (Noirot, 1964a; D’Amato et al., 2005) and gender of the pups (Alleva et 

al., 1989). While dependent on the genetic strain of the mouse (Bond, Neumann, Mathieson & 

Brown, 2002), most dams will display these maternal behaviors more often when pups are young 

and will show a preference towards their male offspring when performing anogenital licking. 

Familiarity with pups is also shown to mediate maternal responsiveness such that dams are less 

likely to retrieve stranger pups as compared to their own pups (D’Amato et al., 2005). This 

research complements another study in which behaviors and time spent with pups were measured 

in adoptive mothers (Darnaudéry, Koehl, Barbazanges, Cabib, Le Moal & Maccari, 2004). The 

researchers showed that the time of adoption (age of pups on day of adoption) affected both 

pups’ and dams’ behaviors. Earlier adoptions (day-old and five-day old pups) resulted in 

increased maternal behavior directly after adoption and decreased frequency of pup ultrasonic 

vocalizations as compared to biological mothers and mothers who adopted twelve-day old pups.  

The condition of the adult mouse also affects behavioral displays towards pups (Noirot, 

1964b; Noirot, 1969a). For example, mice that have been bred to be seizure-prone are less likely 

to retrieve and nurse their pups as compared to healthy adult females (Bond, Drage & Heinrichs, 

2003). Furthermore, administering morphine to dams results in an increased latency in pup 

retrieval (D’Amato et al., 2005). Not surprisingly, females with more exposure to pups are more 

likely to successfully perform maternal behaviors as compared to females who have never been 

exposed to pups (Carlier & Noirot, 1965). For example, virginal and primiparous mice (mice that 

are pregnant for the first time) are more likely to drop a pup multiple times while attempting to 

retrieve it than experienced mother mice performing the same task (Carlier & Noirot, 1965). 

Similarly, virgin rats are less likely to retrieve pups as compared to postpartum rats when given 
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the choice between pups and toys (Jakubowski & Terkel, 1984). Mice that are pregnant or 

lactating were shown to build significantly better nests than virginal mice or mice that had mated 

but had never been pregnant (Bond et al., 2002). Nests were rated according to how well the 

shavings used to build the nests were clustered together, the presence and quality of the walls 

constructed around the nest, whether or not the nest was enclosed, and whether or not pups were 

present and contained within the nest. This research suggests that the pregnancy status of a 

mouse can affect behavior.  

The differences between virgin, primiparous, and multigravid mice (mice that have given 

birth to more than one litter) may be due in part to hormonal changes to the mother mouse during 

pregnancy and weaning (Sanna et al., 2009). During pregnancy, a pregnant female mouse will 

experience surges in oxytocin and vasopressin, two neurotransmitters thought to regulate social 

bonding and maternal care (Nelson & Panksepp, 1998). Concordantly, higher levels of oxytocin 

and vasopressin have been correlated with increases in affiliative behavior and decreases in 

anxiety-related behavior during separation of dams and pups (Nelson & Panksepp, 1998). 

However, recent evidence suggests that surges in oxytocin are not related to social approach 

behavior because female mice lacking the gene to encode the oxytocin receptor did not show any 

significant differences in approach behavior as compared to wildtype and outbred subjects 

(Langford et al., 2010; Nelson & Panksepp, 1998). 

Interestingly, adult virgin male and female mice will retrieve and lick pups, build a nest, 

and assume a lactating position over neonates (Gubernick & Alberts, 1987; Schradin & Pillay, 

2004) even if they have never been exposed to pups (Noirot, 1974). In addition, a majority of 

virgin mice will display the same serial behavioral pattern with slight variations based on the 

type of maternal behaviors expressed (Noirot, 1969b). For example, Noirot (1969b) showed that 
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adult mice will retrieve a pup before attempting to lick, nest-build, or assume a lactating position. 

The extent to which maternal behaviors are successfully executed by virgins varies between 

subjects (Noirot, 1964a). A possible explanation as to why adult mice, regardless of mothering 

status, may respond to ultrasonic vocalizations of pups may therefore lie not in hormonal 

changes but in the adaptive altruistic mechanisms of such behaviors. 

Maternal attention in rodents has also been shown to have prolonged effects on the 

development of pups such that maternal care in rodents is positively correlated with the 

development of both effective maternal behavior in female offspring and maladaptive anxiety 

behavior in male and female offspring (Shoji & Kato, 2009; Wöhr & Schwarting, 2008; 

D’Amato et al., 2005). Shoji and Kato (2009) demonstrated that maternal care exhibited by a 

dam towards her inbred pups affects maternal behavioral displays in the offspring. This finding 

suggests that maternal behaviors are affected by experience rather than just genetic factors 

thereby emphasizing the importance of neonatal experiences on behaviors observed in adult 

rodents.  Recent studies have also examined how a lack of maternal responsiveness affects 

offspring’s anxiety-related behavior. Pups that were rarely licked by their mothers emitted more 

ultrasonic vocalizations when separated from their parents in comparison to pups that were 

licked on a regular basis (Wöhr & Schwarting, 2008). Put together, the studies by Wöhr and 

Schwarting (2008) and Shoji and Kato (2009) indicate that maternal responsiveness has 

important implications for behaviors in adult offspring.  

Empathy 

 While it is not widely accepted that empathic motivation and behavior may exist in 

primitive forms across the animal kingdom, some researchers argue that social approach and 

maternal response to ultrasonic vocalizations are potentially indicative of empathic processes in 
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rodents (Langford et al., 2006). Traditionally, empathy is seen as an exclusively human ability—

a mindset that is likely due to the inability to directly measure emotional states of non-human 

species. However, recent research suggests that rudimentary forms of empathy may also exist in 

other social-living species such as mice (Langford et al., 2006; Bekoff, 2007; Preston & de Waal, 

2002). 

 Empathy is a highly complex perceptual experience whereby at its most basic level an 

organism is “affected by another’s emotional or arousal state” (de Waal, 2008). In humans, this 

emotional understanding also compels the observer to identify with and establish an emotional 

attachment to the other person (Preston & de Waal, 2002). Empathic reactions are distinct from 

other emotions associated with perceived distress in another. 

 To sympathize means to pity or feel sorry for an individual. In other words, sympathy 

does not require an emotional understanding of another’s state and may therefore be seen as a 

more superficial interpretation of another’s experience as compared to empathic understanding. 

Similarly, Preston and de Waal (2002) define emotional contagion as the emotional state of an 

observer that results from perceiving the emotive state of another while still maintaining a focus 

on the self. That is, the recognition of distress in another is projected onto the self and focused on 

how the perceived distress of the other individual might affect one’s own state of being. 

Conversely, empathic responses remain concentrated on the individual who was initially 

stressed. In other words, rather than channeling one’s emotions regarding another inward, an 

empathetic individual will undergo a perceptual process to share the other’s emotions such that 

both individuals are emotionally matched.  
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Empathy in Humans 

 Reported empathic responses to others in pain have been shown to correlate with brain 

activity that is comparable to nociception and self-experienced pain (Goubert, Craig, Vervoot, 

Morley, Sullivan, Williams, Cano & Crombez, 2005; Botvinick, Jha, Bylsma, Fabian, Solomon 

& Prkachin, 2005). For example, a study conducted by Jackson and colleagues (2006) 

demonstrated that the pained facial expressions of others produced similar patterns of brain 

activity as exposure to mild nociceptive stimuli (Jackson, Brunet, Meltzoff & Decety, 2006). 

Specifically, self-generated distress and feelings of empathy have lead to activation in the 

anterior cingulate cortex, anterior ventral insula, cerebellum, and thalamus, all of which are 

known to play a significant role in pain processing (Jackson et al., 2006; Jackson, Meltzoff & 

Decety, 2005; Botvinick et al, 2005).  

In order to achieve a state of empathy in participants, the study conducted by Botvinick 

and colleagues (2005) made use of a series of video clips depicting pained or neutral facial 

expressions. These clips were obtained by filming a number of patients from physiotherapy 

clinics who complained of shoulder pain performing active or passive movement of their 

affected shoulder. Participants were exposed to twelve viewing trials, which were composed of 

four video clips each that displayed either neutral expressions or expressions of pain. These trials 

were interspersed with ten thermal stimuli blocks intended to elicit pain in the participant. 

Thermal stimuli trials included non-painful and painful pulses that lasted for fifteen seconds each 

and varied in temperature. Brain activity during thermal and visual trials was recorded using 

functional Magnetic Resonance Imaging (fMRI) technology. Activity in the anterior cingulate 

cortex and insula was found to be similar in both conditions suggesting that certain neural 

pathways may be used to represent perceived pain in one’s self and others.  
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Interestingly, Jackson and colleagues (2005; 2006) found that empathic neural responses 

do not require facial expression. Visual images of hands and feet in painful situations such as a 

pinched finger or stubbed toe are enough to elicit the same neural responses associated with self-

pain processing. Images were taken from an angle intended to look like a first-person perspective 

(Jackson et al., 2005) or photographed either a specific unfamiliar person or artificial plastic limb 

(Jackson et al., 2006). Participants were then asked to assess the intensity of the pain they 

perceived the person in the photograph to be feeling. Similar to the study done by Botvinick and 

colleagues (2005), Jackson and colleagues found significant activation in the anterior cingulate 

cortex and insula. In addition, the study conducted by Jackson and colleagues (2006) showed that 

participants viewing images taken from a first-person perspective showed firing patterns that 

were that were more similar to those found in self-experienced pain than participants that were 

shown photographs of an unfamiliar person experiencing pain.  

While the similarities found in brain activity across these conditions provide evidence for 

localized regions of pain (as it is experienced in both the self and other), they also provide an 

important division between self-experienced and vicarious pain. The brain activity measured 

during self-experienced pain was not the exact same as the brain activity measured in the 

vicarious pain condition. Therefore, while neural substrates related to pain in oneself might also 

be activated in perceiving the pain of another, some neural distinctions clearly exist between the 

two neural representations of pain. 

Examining the precise areas of activation within the brain regions of interest further 

supports the argument for neural differentiation between experiences of the self and of another in 

pain (Jackson, Rainville & Decety, 2006).  For example, the presentation of noxious stimuli to 

oneself is processed in a more posterior section of the anterior cingulate cortex and insula as 
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compared to when the participant views the same condition in another participant.  The 

overlapping brain regions used in processing self-experienced and vicarious pain is not 

surprising given the presence of the mirror neuron system within these regions. Mirror neurons 

are a specific set of neurons within the brain that fire during self-experienced and vicarious 

action.  Thus, it appears that within certain areas of the brain, the same clusters of cells are 

activated when experiencing pain in oneself and another. These pain pathways may be correlated 

with empathic reactions to another because they are thought to establish a shared sensorimotor 

representation of painful stimuli (Zaki, Weber, Bolger & Ochsner, 2009).  

Precision in assessing the distress of another, also known as empathic accuracy, relates to 

the perceivers’ mental state attributions, which are derived from activity in the temporal and 

parietal brain regions. Zaki and colleagues conducted an fMRI study to assess empathetic 

accuracy between participants (perceivers) and actors in video clips (targets). Participants were 

presented with video clips of targets’ faces while the target was discussing negative, positive, or 

neutral autobiographical life events. Perceivers were then asked to rate the expression of the 

target. Prior to the study, targets had also been asked to rate their own feelings regarding their 

expressions. They found both perceivers and targets activated mirror neuron systems and the 

superior temporal sulcus and the medial prefrontal cortex while recording or watching the 

narrative respectively. Furthermore, when target and perceiver brain activity was highly 

correlated, perceivers were more likely to give a similar expression rating as the target.  

Given all of the neuroimaging evidence relating vicarious and self-experienced pain 

activity in the brain, Loggia and colleagues (2008) investigated the relationship between 

empathy-evoked brain activity and pain perception. Participants were either induced to feel a 

high or low state of empathy for an actor in a video clip. Afterwards, participants’ sensitivities to 
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varying heat stimuli were measured while viewing another video clip of the same actor being 

exposed to similar heat stimuli. The researchers found that self-experienced painful stimuli were 

rated as being significantly more intense and unpleasant for participants in the high empathy 

group than participants in the low-empathy group and that within group differences were 

correlated with the magnitude of the participant’s empathic feeling towards the actor. Similar 

effects were shown when the actor experienced neutral and painful stimuli, which suggests that 

empathy plays an important role in mediating pain perception independent from pain 

observation. 

Empathy in Animals 

Shared-state mechanisms, which are inherent in empathic processing, are complex 

emotional phenomena that are necessitated by social lifestyles. It has been clearly demonstrated 

that humans engage in empathic understandings with one another, but it is less apparent whether 

or not this is true of other social animals. While perhaps not as complex as empathic systems 

established in a human socio-cultural structure, many researchers have noted the potential 

existence of basic empathic behavior in non-human primates, pigeons, and rodents (Preston & de 

Waal, 2002; de Waal, 2008; Langford et al., 2006; Langford et al., 2010; Gioiosa, Chiarotti, 

Alleva & Laviola, 2009; Church, 1959; Rice & Gainer, 1962).  

Church (1959) demonstrated the presence of “emotional conditioning” in rats. Prior to 

testing, rats were placed in the testing chamber and conditioned to press a lever to receive food. 

Thus, rates at which the lever was pressed were relatively high. However, subjects showed a 

lower rate of lever pressing as compared to baseline lever pressing if a lever press also resulted 

in an animal in the adjacent chamber being shocked. This finding was attributed to sympathy, 

which implies that the rat’s awareness of its own actions on the surrounding environment and on 
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other rats was the root cause of behavioral change. Since the shocks to the conspecific did not 

directly affect the subject’s well-being, Church (1959) observed that basic sympathetic 

mechanisms may exist within rats such that they will lower their rate of lever pressing and thus 

lower the rate at which they receive food rewards if it also prevented shocking a conspecific.   

A later study done by Rice and Gainer (1962) complemented the Church (1959) study by 

testing what they defined as “altruism” in rats. In the experiment, subjects were placed in a 

chamber adjacent to another rat, which was suspended by a harness. Suspended rats produced 

various noises and behaviors associated with distress. The subject’s chamber had a lever that 

would lower the suspended rat to the ground and thus eliminate its distress. Rice and Gainer 

found that subjects were much more likely to lever press, regardless of prior training with the 

mechanism, when a rat was placed in the harness as compared to when a Styrofoam block was in 

the harness (the control condition). These findings suggest that the presence of a distressed 

conspecific is a strong enough stimulus to affect the behavior of a subject in an experimental 

paradigm such that the subject will act to alleviate stress in the other animal.  

While neither of these studies makes reference to empathic behavior, they propose the 

existence of emotional recognition in rodents. Furthermore, both studies imply that subjects 

observing another animal in pain or distress will alter their behavior to reduce the painful or 

stressful stimuli that are being applied to the conspecific.  

In 2006, Langford and colleagues reported that the presence of another individual affects 

pain-related behavior. When two familiar mice in proximity to one another were concurrently 

subjected to the writing test, they exhibited a heightened level of writhing behavior as compared 

to isolated writhing mice or both-writhing stranger dyads. The hyperalgesic effect observed in 

familiar both-writhing dyads persisted in three further experiments in which subjects were either 
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rendered anosmic (unable to smell) or deaf or prevented from making contact with the other 

subject. The only measure that effectively suppressed hyperalgesic responses to another in pain 

obscured the subject’s vision and prevented touch by placing an opaque barrier between subjects. 

The anosmic condition did not block pheromonal communications between animals, so olfactory 

cues cannot be completely ruled out in understanding how animals communicate. However, the 

results strongly evidence that the actual observation of another animal is important for evoking 

hyperalgesia in the observer animal.  

Tests on male stranger dyads in which only one subject was injected with acetic acid 

showed decreased writhing behavior compared to isolated writhing. The reduction in writhing 

behavior in the presence of a stranger is known as stranger inhibition. If pain displays act as a 

form of communication, the differences in pain behavior when in the presence of cagemates 

versus strangers may be an attempt to manipulate the message that is being communicated; 

exaggerated pain displays in the presence of a familiar other may be an attempt to communicate 

personally-experienced pain to another, while repressed pain displays in the presence of a 

stranger may reduce the likelihood of being attacked.  

The display of hyperalgesia in familiar pairs may also suggest that pain perception can be 

modified based on the presence and condition of another individual. To test this hypothesis, 

familiar mouse pairs were injected with different concentrations of formalin. Pain behavior was 

measured by amount of licking. The researchers found that licking time in one mouse varied 

based on the pain condition (high or low) of the other mouse; observing a mouse high in pain 

increased licking times, while observing a mouse low in pain decreased licking time. These data 

demonstrate that expression of pain behavior can be modulated bidirectionally by neighbors.  
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In a third experiment, Langford and colleagues (2006) looked at the social modulation of 

pain across different painful stimuli. They found that exposing a mouse and a conspecific to the 

writhing test was enough to produce a heightened sensitivity response to a thermal stimulus, thus 

suggesting that heightened pain behavior is not a form of social mimicry and that socially 

mediated hyperalgesia can exist in a broader context that is not limited to sensitivity towards the 

observed noxious stimulus. Additionally, the researchers reported no observation effects among 

strangers. The perceptual sensitization of pain systems to a general class of noxious stimuli after 

exposure to another animal in pain suggests basic mechanisms of empathic responses; it appears 

that the observation of vicarious pain is not limited to a certain stimulus but rather that any 

noxious stimulant can evoke sensitization.   

Social Approach to Pain-Related Behavior 

Further research on the function of pain displays conducted by Langford and colleagues 

(2010) demonstrated that female mice will preferentially approach a female cagemate that is in 

pain over another cagemate not in pain or a stranger mouse that is in pain. This finding was 

achieved using a forced-choice double approach paradigm. The two “demonstrator” mice were 

placed at either end of a black Plexiglas alley in small holding chambers, which were separated 

from the alley by a wire mesh screen. Prior to being placed in the chambers, writhing behavior 

was elicited in one of the demonstrator mice while the other demonstrator mouse was handled, 

but not injected. The “observer” mouse was then placed in the alleyway between the two 

chambers and was scored for the number of approaches proximal to the mouse in pain, the 

mouse not in pain, and the neutral zone. Not only did female observer mice preferentially 

approach female cagemates in pain over equally familiar but non-pained conspecifics, but 

proximity of an observer mouse to a pained mouse was negatively correlated with pain behavior 
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in the pained mouse. The findings from this study provide evidence for pain behavior as a 

method of communication between mice and also suggest the potential analgesic effects of social 

approach for animals in pain. Specifically, the results suggest that females may be more attuned 

to behavior in others as compared to male mice, which showed no significant effects related to 

familiarity or pain-related behavior. Since female mice showed a heightened rate of social 

approach towards familiar female mice in pain, but not stranger female mice in pain, the 

researchers hypothesize that social approach may be evidence for aid-giving or sympathy in 

rodents. 

Evolutionarily, empathy is an adaptive mechanism for group living. While it might seem 

counterintuitive to benefit from sharing the pain of another, empathic scenarios can facilitate 

social learning and alert others to potentially dangerous or risky stimuli. Parents that are attuned 

to the needs of their offspring and respond efficiently to fulfill those needs increase the 

offspring’s chance of survival and decrease displays of maladaptive anxious behavior (Maslova, 

Bulygina & Markel, 2002; Wöhr & Schwarting, 2008). By establishing an emotional relationship 

with one’s offspring, parents may be more aware of these needs and may be able to address them 

more appropriately. In addition, offspring may perceive maternal distress and alter their 

behavioral patterns to accommodate the mother or attempt to alleviate her discomfort. Thus a 

shared-pain mechanism may be advantageous in social living situations because it provides a 

means through which members of a society can effectively aid one another in times of distress. 

Hypotheses 

Informed by biological and psychosocial frameworks, this study sought to understand the 

relationship between social approach to pain-related behavior and degree of maternal relatedness 

in mice. Extensive literature exists within each subfield, but more research must be done to study 
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how the two behavioral phenomena interact. By manipulating the dam-pup rearing relationship, 

this study attempted to illuminate and understand how kinship affects adult female social 

approach behavior towards a pup expressing pain-related behavior. Five groups were established 

to examine the interaction between social approach to pain and maternal relatedness: (1) 

Biological mothers, which raised and were tested with biologically-related pups, (2) Surrogate 

mothers, which were tested with biologically related pups that were raised by an adoptive 

mother, (3) Adoptive mothers, which were tested with non-biologically related pups that they 

raised,  (4) Stranger mothers, which were tested with non-biologically related pups raised by 

another mother, and (5) Virgin adult females, which were tested with non-biologically related 

pups raised by another adult female. Stranger mother and virgin adult females differed in 

maternal experience; stranger mothers gave birth to and raised a litter of pups prior to testing 

whereas virginal adult females were not exposed to any pups prior to testing. 

Based on previous research on social approach to pain, two central hypotheses were 

proposed. The first hypothesis predicted that adult female mice would preferentially approach a 

pup in pain. That is, given a choice between a pup in pain and a pup not in pain, it was predicted 

that an adult female mouse would spend more time in proximity to a pup in pain regardless of the 

pup’s gender. The second hypothesis was that the amount of time spent with the pup in pain 

would vary between adult female groups based on the groups’ differing relations to the pup. 

Furthermore, it was predicted that the amount of time spent near the pup in pain would provide 

some insight into the motivating factors behind social approach. Therefore, three potential 

rankings of time spent near the pup in pain were developed. If biological relatedness was the 

driving force behind social approach, we expected biological and surrogate mother groups to 

approach a pup in pain more frequently than adoptive mothers, stranger mothers, or virgin mice. 
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If instead familiarity with a pup was the strongest factor, we expected that biological and 

adoptive mothers would spend the most time with the pup in pain proceeded by surrogate and 

stranger mothers and finally virgin mice, which had no experience with pups. Finally, if social 

approach to a pup in pain was moderated by hormonal changes during pregnancy, we expected 

that all mothering groups (biological, adoptive, surrogate, and stranger mothers) would approach 

a pup in pain more frequently than virginal mice.  

Prior research did not provide much evidence for which of the three sub-hypotheses 

regarding motivating factors to social approach would be most likely. However, certain 

inferences were made that favored one driving factor over the other. Given the literature on nest 

building and retrieval of pups by virginal mice (Carlier & Noirot, 1965; Noirot, 1974), it seemed 

unlikely that hormones during pregnancy were the principal underlying reason for social 

approach. The distinction between familiarity and biological relatedness is more ambiguous 

because most of the existing literature does not tease apart the two factors—the majority of tests 

either use mothers that have given birth to and raised the pups they are tested with, or virgin 

mice that have never been exposed to pups. While there have been no known studies regarding 

dam-pup relationships and their affect on social approach, the research done by Langford and 

colleagues (2010) suggests that familiarity with an animal that is in pain is enough to elicit social 

approach preferentially towards pain. Although the Langford (2010) study does not address the 

issue of relatedness, the evidence for familiarity as an initiator of social approach provides 

evidence in support of the familiarity model.      
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Methods 

Subjects 

Twenty-one outbred CD-1 strain primiparous mice (Mus Musculus), and five virginal 

mice obtained from Harlan Sprague-Dawley (Indianapolis, IN) served as subjects. The offspring 

of the primiparous mice acted as stimuli within the study.  

The twenty primiparous mice were divided into four groups consisting of five mice each 

(with the exception of the Biological mother group, which contained six adult female mice). 

Biological mothers were tested with biologically-related pups raised in their own litter. Surrogate 

mothers were tested with biologically-related pups that were raised by an adoptive mother. 

Adoptive mothers were tested with unrelated pups that they raised in their own litter. Stranger 

mothers were tested with unrelated, unfamiliar pups, which were raised by another mother. The 

five virgin mice constituted the fifth group and were tested with non-related pups to which they 

were previously unexposed. 

Apparatus 

 A double approach paradigm (Lanford et al., 2010) was used to assess adult female social 

approach to pups in pain. The apparatus (see Appendix A) was constructed of black Plexiglas 

and consisted of two small holding chambers connected by a narrow alley. The chambers were 

separated from the pathway by wire mesh screens that allowed for good visibility into and out of 

the chamber, but allow for minimal contact between an animal in the chamber and an animal in 

the alleyway. In addition, proximity zones near the holding chambers, which extended from 

approximately 3.5 inches from the mesh into the alleyway, were identified and marked off using 

tape. The alleyway between the two proximity zones—approximately fourteen inches in length, 

was identified as the neutral zone. Adult female subjects were placed in the center of the neutral 
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region of the testing apparatus. Pups of the same gender were placed at either end of the 

apparatus (one in each holding chamber) thus eliminating variability due to gender preferences in 

social approach by the adult female mouse. Once the subjects were in the apparatus, the top of 

the apparatus was covered with clear Plexiglas to prevent the adult female from escaping or 

climbing over the mesh and into the holding chambers. 

Procedure 

All adult female mice were shipped to the laboratory. The primiparous mice arrived at the 

facility on Day 14 of pregnancy and births were timed to achieve multiple litters on the same 

day. Subjects were individually housed in transparent plastic breeding cages with ad lib access to 

Harlan Teklad (8604) food pellets and tap water. Light-dark cycle, temperature, and humidity 

were kept constant.  

On the day of birth, pups born to the biological and stranger mother groups remained 

with and were raised by their biological mothers. Litters born to the surrogate and adoptive 

mothers were swapped such that each mouse in the surrogate mother group raised a litter birthed 

by a mouse in the adoptive mother group and vice versa. All pups within a litter remained 

together such that all neonates within a litter were biological siblings and no mother mouse 

raised pups from more than one mother. In addition, litters were culled to four females and four 

males. One litter, which was born to an adult female in the adoptive mothers group and raised by 

an adult female in the surrogate mothers group, had only three male pups. Thus, the litter was 

composed of five female pups and three male pups. This litter was not used in the testing 

paradigm. Mothers were housed with these litters for a period of one week.  

Once the pups were approximately seven days old, the adult females and pups were 

tested in the double approach paradigm described above. Adult females were run through the 
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forced choice paradigm twice— once with a set of male pups and once with a set of female pups. 

Pups were only tested once to control for potential effects that the procedure would have on the 

pups’ behavior and rates of ultrasonic vocalization. Since the tests were run with two males and 

two females from the same litter per subject, only half of the pups raised by the biological 

mother group were tested with their biological mothers. The remaining halves of the biological 

mother group litters were tested with adult females in the stranger mother group. Pups raised by 

the stranger mother group were tested with the virgin mice. Half of the pups raised by adult 

females in the adoptive mother condition were tested with their adoptive mothers (to whom they 

were not biologically related), while the other half was tested with adult females in the surrogate 

mother condition (to whom they were biologically related, but had not been exposed to since the 

day of birth). 

Before testing, an adult female was placed in the apparatus without any pups for twenty 

minutes to allow the subject to habituate to the apparatus. After habituation, a 5ml formalin 

solution was injected into the hind paw of one of the pups to act as a noxious stimulant. Past 

research has indicated that hind-paw formalin injections are strong noxious stimuli capable of 

eliciting pain behavior in neonatal rodents (McLaughlin, Lichtman, Fanselow & Cramer, 1990). 

The other pup did not receive any treatment and was left undisturbed.  

Pups were chosen at random to be in the pain or no pain conditions. Additionally, pup 

gender and the location of the pup in pain (right chamber or left chamber) for the first run 

alternated between subjects. The site of the pup in pain was also counterbalanced across runs 

within subjects such that if a female pup in pain was placed in the right chamber for the subject’s 

first run, a male pup in pain was placed in the left chamber for the subject’s second run. 
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After the pups and adult female mouse were been placed in the testing apparatus, social 

approach was measured over a thirty minute period. A video camera recorded the adult female’s 

location within the apparatus. This video was coded at a later time to measure the adult female’s 

time spent in proximity to the pup in pain, time spent in proximity to the pup not in pain, and 

time spent within the neutral zone. Location scoring was conducted using time-sampling every 

twenty seconds. The adult female mouse’s position within the apparatus was determined based 

on the location of her two front paws in each picture.  

During half of the testing trials, pups’ ultrasonic vocalizations were measured using a bat 

detector, which transduces ultrasonic signals into an audible range (Branchi et al., 2001; Pye & 

Flinn, 1964) and UltraVox (v.2.0) recording equipment. Following testing, pups used in the 

paradigm were euthanized by CO2 inhalation. Mothers of euthanized pups were placed in a cage 

with other dams that had also been tested in the forced-choice paradigm. Likewise, virgins were 

placed in a cage with other virgins. Dams whose pups were not used in testing were returned to 

their litters.  

Statistical Analyses 

 After testing, video files were uploaded to Video Snapshots Genius (v.2.0) to create time-

sampling snapshots for video coding. Binomial tests were conducted to determine if the total 

number of approaches towards pups in pain was significantly different (non-random) from the 

total number of approaches towards pups not in pain. Given the small sample size of five or six 

adult female mice per condition, the researchers wanted to avoid a Type I error—a false positive 

wherein the null hypothesis would be rejected when it was actually supported by the data. Thus 

an alpha level of 0.01 was considered significant.  



Effects of Maternal Relatedness     43 
 

 To attain a more fine-grained analysis of the adult female mice’s behavior, researchers re-

analyzed the original videos and timed all social approach behaviors performed by subjects while 

in proximity to the pups. Social approach behaviors were coded as sniffing near the pup, wall-

climbing, mesh climbing, mesh biting or pulling, grooming while facing the pup, or remaining 

inactive while facing the pup and within the proximity zone (Fleming & Rosenblatt, 1974). After 

scoring the video files, behavioral coding data was entered into SPSS® (v. 17). Data analysis 

was conducted using ANOVA tests and posthoc analyses when appropriate. An alpha level of 

0.05 was considered significant for all analyses.  

Results 

 A total of 52 runs were coded for subjects’ locations within the apparatus with each run 

producing 89-90 snapshots. Snapshots in which the adult female was not in the alleyway (i.e. in 

one of the holding chambers or on top of the Plexiglas lid) were discarded, which allowed for 

4,460 snapshots to be coded in all. 

 Overall, time-sampling analysis showed that subjects, regardless of mother condition or 

pup gender, favored being proximal to pups over remaining in the neutral zone (see Appendix B, 

Figure 2). This finding is particularly striking given that the alleyway is approximately twice the 

size of the pup proximity zones. As predicted, time spent near a pup in pain was negatively 

correlated with time spent near a pup not in pain (r(50)=-.44, p=.001); the more time the subject 

spent near a pup in pain, the less time the subject spent near the pup not in pain. Interestingly, 

time-sampling analyses revealed that the average number of approaches towards a pup in pain 

varied between pup genders within mother conditions. 
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Time-Sampling  

On average, adoptive mothers approached females in pain more frequently (59.83%) than 

females not in pain (40.17%). This finding was significant (p<.01). When the subjects were 

tested with males, however, the opposite pattern was shown; adoptive mothers approached male 

pups not in pain (62.26%) significantly more often (p<.004) than male pups in pain (37.75%).  

 Biological mothers divided their approaches more or less evenly between pups for both 

gender conditions (females in pain=47.37%, females not in pain=52.63%; males in 

pain=46.95%, males not in pain=53.05%), only slightly favoring the pups not in pain. The 

difference in total approaches to the pup in pain as compared to the pup not in pain was not 

shown to be significant for either gender condition. 

 Stranger mothers also approached pups in pain and pups not in pain in relatively equally 

ratios, but spent slightly more time with the pups in pain. Differences in total approaches to 

female pups in pain (56.49%) and female pups not in pain (43.51%) approached significance 

(p<.03), but did not approach significance with male pups (males in pain=53.31%, males not in 

pain=46.69%).  

 Surrogate mothers approached female pups not in pain (52.14%) slightly more often than 

female pups in pain (47.86%), but this finding was not significant. Conversely, surrogate 

mothers approached male pups in pain (57.14%) more often than male pups not in pain 

(42.86%). This finding approached significance (p<.03). 

 Virgin mice significantly favored female mice not in pain (61.65%) over female mice in 

pain (38.35%; p<.004). However, the opposite preference was shown for male pups. On average, 

virgins approached male pups in pain (58.88%) more often than male pups not in pain (41.12%). 

Preference for male pups in pain approached significance (p<.02; See Appendix B, Table 1).   
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Behavioral Analysis 

 A one-way repeated measures ANOVA was calculated to test the effect of maternal 

relationship status on seconds spent approaching pups in pain (M=436.13, SD=239.29) and pups 

not in pain (M=424.38; SD=231.79; See Appendix B, Table 2). An alpha level of p<.05 was 

considered significant. No significant interactions were found based on maternal condition, pup 

gender, and pup pain condition (F(4, 42)=.23, p=.92, ηp
2=.02). The power of the study was also 

very weak, .10, which suggests that our study did not have sufficient power to achieve 

significance and effectively test the effect of maternal status on social approach behavior. 

Ultrasonic Vocalizations 

 A Pearson correlation coefficient was calculated to investigate the relationship between 

the amount of time an adult female spent in proximity to a pup and the rate of ultrasonic 

vocalization of the pup (significance level of p<.05). A weak negative correlation that was not 

significant was found between time spent near a pup in pain and the pup’s number of ultrasonic 

vocalizations (r(26)=-.22, p=.27). A weak positive correlation that was not significant was found 

between time spent near a pup not in pain and the non-pained pup’s number of ultrasonic 

vocalizations (r(26)=-.11, p=.59). Based on these analyses, it appears that the amount of time an 

adult female spent near a pup was not related to the pup’s rate of ultrasonic vocalization.  

Discussion 

This study sought to better understand the roles of biological relatedness and familiarity 

in social approach to pups in pain. The results did not show a clear correlation between adult 

female social approach and the subject’s relation to the pup. Possible theories that support the 

results are discussed.  
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Of the ten conditions that existed for test runs (five mother conditions and two pup 

gender condtions), only three conditions (adoptive mothers with male pups, adoptive females 

with female pups and virgin mothers with female pups) produced significant results. Three other 

conditions approached significance (stranger mothers with female pups, surrogate mothers with 

male pups, and virgin mothers with male pups), while the remaining four groups were not 

significant at all.  Unfortunately, the null hypotheses— (1) there is no effect of mother condition, 

(2) there is no main effect of pup pain condition, (3) there is no effect of pup gender, and (4) 

there is no interaction between mother condition, pain condition, and gender, were therefore 

supported by at least some of the results.  

Since all subjects preferentially approached pups over remaining in the neutral zone and 

some of the findings were in fact significant, it seems that the subjects were not indifferent to the 

pups, but rather that there may be underlying factors that were not controlled for during testing 

that could have had an impact on social approach behavior.  As such, theories relating to 

maternal recognition of pups (both as kin and as pained or not pained), pups’ roles in maternal 

recognition and discrimination, the role of maternal instinct, and theories on ultrasonic 

vocalizations are all presented as possible methods of interpreting the results.  

Maternal Recognition and Discrimination 

Given that social approach towards a pup in pain was not shown to be directly moderated 

by familiarity or relatedness, it is possible that the current study reflects either a lack of 

recognition of the pups or lack of discrimination by the mother.  In either case, the lack of 

discrimination among pups by adult females may have implications for how we understand 

maternal instincts and the subsequent manifestations of maternal behavior.  
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One of the primary hypotheses of this study was that the different degrees of relatedness 

and familiarity would affect rates of social approach to pain.  This hypothesis inherently 

assumed, therefore, that subjects would be able to recognize and discriminate between related, 

familiar, unrelated and unfamiliar pups.  

The literature on pup recognition offers a range of results; numerous studies suggest that 

mother rodents are indeed capable of distinguishing their young from alien offspring (Beach & 

Jaynes, 1956; Chantrey & Jenkins, 1982; Hager & Johnstone, 2007), however other studies have 

argued that mothers are incapable of distinguishing their own pups from biologically-unrelated 

others (Ebensperger et al., 2006) and one reported that some adult mice actually prefer 

unfamiliar and unrelated conspecifics (Hayashi & Kimura, 1983). The method(s) through which 

rodent mothers are able to successfully identify their pups—either individually or simply as 

belonging to a class of kin (Gheusi, Bluthé, Goodall & Dantzer, 1994)—is equally unclear within 

the literature (Waldman, Frumhoff & Sherman, 1988). While genetic markers and odor 

identification are often touted as strong kin identifiers (Elwood, 1991; Gheusi et al., 1994; 

Hayes, 2000), variations in ultrasonic vocalizations may be equally as important for 

discriminating between neonates (Liu, Miller, Merzenich & Schreiner, 2003).  

 One of the largest difficulties faced by studies examining pup recognition is trying to 

distinguish between kin recognition and kin discrimination (Waldman et al., 1988); kin 

recognition manifests itself through kin discrimination, but the two terms are not necessarily 

synonymous. It is possible, for example, for a dam to identify a pup as unrelated, but to not 

discriminate against the pup in terms of retrieving, nursing, or other maternal behaviors. Such 

behavior may be due to weak individual identifiers (Beecher, 1991) or altruistic behavior adapted 

for communal nesting in the wild (Hayes, 2000; Solomon, 1993). 
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 Elwood (1991) elaborates on the distinction between kin recognition and kin 

discrimination within mother-offspring dyads. He argues that a mother faced with an alien pup 

may not be completely sure that the pup is not hers, especially if she has pups that are around the 

same age. Thus, she might behave similarly to an unidentified pup as she would towards her own 

pups because she cannot afford to completely reject the pup as being unrelated. Elwood terms 

this behavior “conservative decision-making” (121). Additionally, mothers that live within a 

communal nest may engage in the same “conservative decision-making” because they are more 

likely to be at least partially related to conspecifics’ pups (Hayes, 2000; Solomon, 1993).   

 If mothers are capable of engaging in conservative decision-making, it is possible that the 

subjects in the current study did not vary significantly in social approach behavior in a 

predictable fashion because the pups were treated as potential kin. Thus, mothers in the stranger 

group, for example, might have spent comparable amounts of time in proximity to pups as the 

biological mothers did because the stranger mothers were approaching the pups as if those 

unrelated, unfamiliar pups were actually kin.  

Pups’ Roles in Maternal Recognition and Discrimination 

 If genetic identities, odors, ultrasonic vocalizations or any other form of identity signaling 

are indeed part of the learned repertoire for identifying individuals—or at the very least labeling 

an individual as belonging to a certain kin group—there is also a question of whether or not these 

signals are concealable. As Beecher (1991) points out, pups should only identify themselves if it 

is beneficial in their particular set of circumstances. Pups are capable of recognizing their parents 

at a very young age, presumably before the parents can distinguish their pups from others’ pups 

(Beecher, 1991). Such an ability to differentiate between adults when adults cannot identify 

young could be advantageous to pups in need of maternal care. If a stray pup encounters an 
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unfamiliar adult female, for example, it may solicit social approach or maternal behaviors from 

the female since its real mother is not nearby and it will die without the proper care.   

 Beecher provides three primary methods of concealing individual identity: (1) 

withholding identifying information, also known as “crypticity”, (2) providing “generic” or 

nonspecific information, and (3) mimicking identifying information of unrelated parent’s 

offspring (p. 116). If pups are capable of such deception, it is possible that the pups in the current 

study were able to fool stranger mothers into approaching the holding chambers and 

subsequently were also able to attract the same attention from the subjects that the subjects 

would have paid to their own pups. The effect may be even further exaggerated by the 

conservative decision-making of mothers, as described by Elwood (1991).  

Additionally, it follows that some pups may not be as successful at concealing their 

identities as other pups. If this is the case, pups that were better able to more effectively hide 

their identity “signatures” (Beecher, 1991, p. 116), may have benefited from more maternal 

approach, regardless of pain condition. Under this analysis, the data collected in the current study 

may not represent maternal preferences based on pain, but instead could reflect maternal 

preferences based on which pup the subject believed to be her own offspring.  

While a “deceptive pup” theory is hard to disprove given the set-up of and the data 

collected in the current study, it is also difficult to provide substantive evidence favoring this 

theory over other possible explanations. Since it is not clearly understood how pups express their 

identities (if they do at all), and no known literature has reported similar phenomena in rodents, 

an explanation that relied solely on Beecher’s theory would be oversimplified and too heavily 

based on the researchers’ personal interpretations of the data. Thus, a review of other possible 
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theories outside of pups’ roles in maternal recognition and discrimination might serve as better 

explanations or interpretations of the data.       

Maternal Instincts 

 Both of the mothering groups that were biologically related to the pups within the 

paradigm—biological and surrogate mothers—showed no significant preference for female pups 

in pain, and approaches to male pups in pain for surrogate mothers only approached significance. 

In other words, these mothers spent an equal amount of time with their pups, regardless of the 

pain condition. It is possible that mothers’ maternal instincts to retrieve or tend to their pups may 

override the condition of the pup (pain versus no pain) such that both pups acted as equally 

attractive stimuli for the subject.  

Solomon (1993), for example, showed that dams that were inbred within a communal 

nesting colony were less likely to show a preference for their own pups over conspecifics’ pups 

and were also more likely to retrieve pups faster than outbred dams. In Solomon’s experiment, 

mothers, which were either inbred or outbred, were placed in a release chamber with no access to 

pups. The experiment started when a door in the release chamber was opened and simultaneously 

exposed the subject to two pups—one that was the subject’s own pup and one that was the pup of 

a conspecific. The experiment ended when the mother successfully retrieved one of the pups and 

brought it back to the release chamber. Binomial tests revealed that inbred mothers retrieved 

their own pups 56% of the time and retrieved conspecifics’ pups 44% of the time. This finding 

was not significant. Conversely, outbred dams showed a significant preference in pup retrieval; 

subjects retrieved their pups 81% of the time and retrieved conspecifics’ pups only 19% of the 

time.  
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The results of Solomon’s (1993) experiment are not definitively attributable to retrieval 

based on degrees of relatedness, and instead may be a result of sensory deficiencies in inbred 

dams (Solomon, 1993) or differences in maternal behavioral style. However, these findings 

provide compelling evidence that biological relatedness may affect how dams interact and 

choose between two pups within a forced-choice paradigm. More specifically, if pups share any 

genetic material with an adult, it is possible that they are just as likely to retrieve that pup as they 

are to retrieve their own pup (Kareem & Barnard, 1982). Maternal instincts to retrieve one’s kin, 

therefore, might be a stronger drive than the actual condition or identity of the pup itself (Roulin, 

2002).   

Maternal behavior may also result from a general “parental state” (Elwood, 1991) and 

may be unrelated to the actual relationship between dam and pup. More specifically, dams may 

respond to pups regardless of relatedness because they have pups of their own. If these same 

dams were not currently raising a litter or were exposed to pups that were significantly older or 

younger than their own litter, they may simply disregard the presence of or act hostilely towards 

unfamiliar pups (Elwood, 1991). It is unclear whether this “parental state” is simply a failure to 

recognize pups, is an artifact of communal nesting, or is related to hormonal surges during 

pregnancy. However, research done on adult females that were not raising pups at the time of 

testing may provide evidence for hormonal changes that briefly effect behavior as exposure to 

pups increases.    

Research on multiparous, non-pregnant, non-fostering female and virginal female rodents 

indicate that a parental state may be induced by simple exposure to pups. Wiesner and Sheard 

(1933) conducted a number of studies to determine the role of parturition in adult female-pup 

interactions. When initially placed in the presence of an unfamiliar pup, both multiparous, non-
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pregnant, non-fostering females and virgin mice both did little more than sniff or nudge the pup 

and had a very low rate of retrieval in comparison to pregnant (both primiparous and 

multiparous) dams. This pattern of aversion or indifference to pups in multiparous, non-pregnant, 

non-fostering females is similar to the patterns displayed in virgin mice (Chantrey & Jenkins, 

1982; Fleming & Sarker, 1990; Jakubowski & Terkel, 1985). However, if non-weaning 

multiparous females and virgins are repeatedly exposed to pups, an induced parental state 

becomes apparent (Fleming & Sarker, 1990; Noirot, 1974).  

Although the current study did not include multiparous, non-pregnant, non-fostering 

females, the differences between mothers and virgins in time spent within the neutral zone and 

behavior targeted at accessing pups support the parental state model. Indeed, virgin mice spent 

the most time on average within the neutral zone of the apparatus and did not vigorously attempt 

to access pups during any runs. Conversely, at least one mother in every maternal condition 

accessed a pup during testing (See Appendix C).  While this finding is anecdotal and not capable 

of being subjected to more rigorous statistical analyses, it supports the theory that some facet of 

maternity or parturition affects social approach and behavior towards young.  

Ultrasonic Vocalizations 

 Given the lack of significant results regarding differences in ultrasonic vocalization rates 

in the current study, the role of ultrasonic vocalizations as a signifier of pup pain may be called 

into question. Specifically, the total number of ultrasonic vocalizations from pups in pain were 

not significantly different from the total number of ultrasonic vocalizations from pups not in 

pain. As such, the current study’s results suggest that ultrasonic vocalizations may play a 

different role in social approach than previously hypothesized.  
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 Ultrasonic vocalizations convey two important pieces of information to others within 

their auditory range: (1) there is a pup in distress and, (2) the location of the pup in distress. 

Female rodents, regardless of mothering status or relationship to the pup, will often seek out the 

pup emitting ultrasonic vocalizations, retrieve it, and return it to its nest (Ebensperger, Hurtado 

& Valdivia, 2006; Fleming & Rosenblatt, 1974). Ultrasonic vocalizations, therefore, can initiate 

the retrieval sequence, but do not necessarily serve any additional function after a nearby adult 

mouse has located the pup (Ehret, 1992).   

 It is possible that once a subject in the current study located a vocalizing pup and was 

unable to gain access to that pup that the subject simply lost interest in attending to the pup. 

Since retrieval of the pup could not be executed, in other words, the pup’s continuous calls failed 

to elicit any further maternal behaviors or approaches from the subject. Additionally, the calls 

from the pup in the opposite chamber might have drawn some of the subject’s attention towards 

that pup such that neither pup completely monopolized the subject’s attention.   

 Another assumption that was made about ultrasonic vocalizations was that the 

vocalizations or rates of vocalization would differ based on pain behavior. Some studies suggest 

that differences in ultrasonic vocalizations are plausible (Haack, Markl & Ehret, 1983; Ehret & 

Haack, 1982); Haack, Markl, and Ehret (1983) propose that there at least six different types of 

calling in mouse pups, of which three are classified as being communication-based. The three 

that they labeled are: (1) postpartum sounds (noise and harmonics), (2) rough handling sounds 

(harmonics), and (3) isolation sounds (whistle; p. 60).  

While Haack and colleagues’ classifications are intended to classify a wide variety of 

situational calling sounds, they also group together a wide range of potentially unrelated 

conditions within a single type of calling. For example, “isolation sounds” include isolation and 
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temperature stress and are also noted as occurring interspersed with rough handling sounds when 

being bitten or “roughly manipulated” by parents. Thus while the researchers effectively 

establish a difference in structural calling type and classify types based on situational contexts, it 

is less clear to what degree these calls vary within call type groups. Additionally, it is not clear 

from this classification system that ultrasonic vocalizations due to isolation are categorically 

unique from pained vocalizations.  

One difficulty in classifying vocalization type comes from the potential individual 

differences in ultrasonic vocalizing (Noirot & Pye, 1969). Not only do some pups vocalize at 

different frequencies (Ehret & Haack, 1981), but many of the characteristics of a pups’ call vary 

by age. Noirot and Pye (1969) demonstrated that many components of pups’ calls fluctuate as 

pups age. More specifically, as pups mature, the length, total bandwidth, and sound pressure of 

vocalizations decrease. These trends are likely related to an increase in pups’ mechanical 

functioning abilities and a decrease in pups’ reliance on their mothers. However, other aspects of 

pups’ calls, such as the minimum, maximum, initial and terminal sound frequencies, vary during 

development but are not directly correlated with age. The variation between calls within an 

individual suggest that ultrasonic vocalizations are inconsistent in manner and conveyance and 

may therefore be a poor marker for individual identification and a weak transmitter of specific 

situational information.   

Two main theories have been proposed regarding the role of ultrasonic vocalization; (1) 

ultrasonic vocalizations are only used to initiate maternal response sequences, and (2) ultrasonic 

vocalizations are relatively incapable of conveying detailed information about the pup’s 

condition. These hypotheses are not mutually exclusive, but may inform one another. It is 

possible that ultrasonic vocalizations can only initiate maternal response sequences that are not 
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necessarily preferential to pups’ conditions of pain or no pain because the vocalizations do not 

convey a sufficient amount of detail regarding the pup’s condition. Based on the current study’s 

findings, both hypotheses may function in tandem as possible explanations for a lack of clear 

correlation between social approach and ultrasonic vocalizations as well as an insignificant 

correlation between rate of vocalization and pain condition.  

Limitations and Future Directions 

 The current study sought to combine data from maternal behavior and data from social 

approach studies. The study was therefore able to benefit from an extensive literature and had an 

opportunity to combine techniques (i.e. forced choice paradigm and ultrasonic vocalization 

monitoring) in ways that were not previously demonstrated in previous research. Furthermore, 

the innovative use of testing equipment was supported using testing procedures that relied on 

methods demonstrated as effective methods for testing social approach in mice, such as formalin 

injection and use of a modified elevated plus maze paradigm. Testing procedures were also very 

structurally organized and well-regulated so that chances of experimenter error were reduced.  

 While the methodology appeared to control many of the possible variables associated 

with social approach research (injecting noxious stimulants to educe pain behavior, measuring 

vocalizations associated with pain, using female subjects, etc.), it seems that many other 

variables acknowledged within the field of maternal recognition, discrimination, and instinctual 

behavior were unidentified.       

 Studies within the literature that discuss the ambiguity of maternal recognition and 

discrimination, for example, were unaddressed during the planning and execution of the study. 

Perhaps a pilot study that established some sort of relatedness construct (without a pain 

condition) would have been more helpful in determining how the current results are interpreted, 
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especially in relation to the wide array of results represented in the literature. Alternatively, a 

study that looked at social approach between adult kin with varying degrees of relatedness and 

familiarity may have circumvented many of the issues associated with testing mother-pup dyads.  

 The testing procedure itself could also have benefited from some minor changes. First, a 

larger sample size may have given the researchers a more in depth and comprehensive view of 

social approach behavior that may have been missed with only five or six subjects in each 

condition. A larger sample size would have also raised the power of the study thereby making 

the results more reliable. It is also possible that the litter-reassignment procedure affected 

maternal behavior. After litters were sexed and culled, subjects in the adoptive and surrogate 

mother groups were placed with a new set of biologically-unrelated pups in the pups’ nests rather 

than their own nests. Bedding was not changed during litter-reassignment procedures. Since mice 

rely heavily on olfactory cues to distinguish their own nests and litters from those of 

conspecifics, the researchers may have unwittingly affected maternal behavior.  In other words, 

since the subjects in the adoptive and surrogate mother groups were very clearly in an unfamiliar 

nest, their behavior towards the pups may have been qualitatively different than if they were 

placed in their own nests. Handling may have also affected the pups’ behavior, but because all 

pups were handled for gender identification purposes, all litters would have been expected to 

behave similarly.   

 Additionally, during actual testing more care should have been taken to secure the mesh 

barriers so that the subjects had no opportunity to gain access to the pups. While the data 

regarding pup access (see Appendix C) provided interesting anecdotal data in terms of behavior 

across subject conditions, it is also possible that those brief moments of access could have 

skewed the approach data. The mesh screen that separated the holding chambers and the 
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alleyway was supported by two mesh “wings” flanking either side of the screen. However, if the 

mesh was placed in the apparatus at an angle, or if a subject constantly pulled at the mesh, the 

barrier would either fall down or be pulled up just enough for the subject to crawl under it and 

gain access to the pup. If one mesh barrier was less secure than the mesh barrier at the other end 

of the apparatus, a subject may have preferentially approached and accessed that pup, regardless 

of the pup’s gender or pain condition. Moreover, if a subject gained access to a pup early into the 

experiment, the subject may have spent more time in proximity to the accessed pup because its 

endeavors to access the pup (by pulling on the mesh or climbing over it) may have been more 

likely to succeed.  

 Analysis of data, particularly the time-sampling data, may have benefited from more 

rigorous coding. The time-sampling results presented in this paper were based on a single coding 

by a single coder. Behavioral data was coded by both experimenters, but again, each video was 

coded only once, so no rates of inter- or intra-rater reliability could be calculated.  

 Questions of social approach and the mechanisms underlying this phenomenon remain 

largely unexplored. Future studies may consider further examining how familiarity and 

relatedness effect social approach, but may try to control for, or at least better identify, variables 

associated with how the testing dyad interact in non-forced-choice settings. Further research may 

also be done in the field of pain in regards to how expressions of pain are presented in pups. 

Such studies might include a behavioral analysis of isolated pups in pain to further understand 

how pain displays—both visual and auditory—play a role in eliciting social approach.  
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Appendix A 

 

 

 
 
 
  

Figure 1. Forced-choice apparatus used in the current experiment.  
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Appendix B 

 

 

Figure 2. (A to E) Distribution of approaches during 30 minute testing interval. Subjects, 

regardless of testing condition, overwhelmingly preferred being in proximity to pups over 

remaining in the neutral zone. (A) Biological mother group. (B) Adoptive mother group. (C) 

Stranger mother group. (D) Surrogate mother group. (E) Virgin group.  
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Table 1 

Mean Total Approaches towards Pups  

Mother Condition Pain (%) No Pain (%) p 
    

Females  

Adoptive 59.83 40.17 .01* 

Biological 47.37 52.63         ns 

Stranger  56.49 43.51 .03 

Surrogate 47.86 52.14         ns 

Virgin 38.35 61.65 .004* 

 

Males 

 

Adoptive 37.74 62.26 .004* 

Biological 46.95 53.05        ns 

Stranger  53.31 46.69        ns 

Surrogate 57.14 42.86 .03 

Virgin 58.88 41.12 .02 

*p<.01
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Table 2 

Mean Time Spent Engaging in Social Approach Behavior (seconds) (mean ± 1 S.D.) 

Mother  
Condition 

Females  Males 
Pain No Pain  Pain No Pain 

      
Adoptive 403.2±288.9 290.0±217.8 330.2±215.2 444.6±238.7 

Biological 416.5±243.1 491.3±183.3 439.2±425.4 450.0±358.8 

Stranger  493.0±275.5 406.8±306.5 537.6±190.4 467.6±154.2 

Surrogate 457.8±204.4 408.4±214.8 543.6±233.3 491.8±271.6 

Virgin 374.6±126.5 445.6±288.4 443.7±261.5 329.2±74.1 
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Appendix C 

Table 3 

Number of Times Pups Were Accessed During Test Run 

Mother  
Condition 

Females Males Total 
Pain No Pain Pain No Pain 

      
Adoptive 4 0 0 2 6 

Biological 9 2 2   11 24 

Stranger  6 0 8 8 22 

Surrogate 4 0 4 1 9 

Virgin 0 0 0 0 0 

Total    23        2    14     22    61 
 


