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maximum grooming (Roberts et al., 1969). Furthermore, thermally­

sensitive units in the cat are located somewhat more anteriorly in the 

hypothalamus than the sites stimulated electrically in the present 

experiments (Nakayama, Hammel, Hardy, and Eisenman, 1963), which is 

probably why radio-frequency warming failed to elicit a response in the 

present experiments (Chapter III). Finally, lateral hypothalamic 

damage in the rat, which eliminated salivation, had no effect upon 

thermoregulatory grooming (Hainsworth and Epstein, 1966), suggesting an 

anatomical difference between the neural mechanisms for autonomic and 

somatic thermoregulation in the rat as well. 

Based upon this evidence, it seems that a system involving the 

hypothalamus reacts to increased temperature in a way which integrates 

the appropriate autonomic and somatic responses, but that this system 

has somewhat different inputs (perhaps as part of a "feedback" sub­

system) for the two . types of responses. According to this reasoning, 

the hypothalamic areas stimulated in the present experiments were in­

volved only with certain somatic components of thermoregulation, and the 

input for these components does not necessarily involve hypothalamic units 

which are themselves thermosensitive. 

Micturition and Defecation 

The major autonomic responses to hypothalamic stimulation in the 

present experiments were simultaneous micturition and defecation elicited 

by stimulation of the paraventricular nucleus. This reaction also occurs 

in unanesthetized cats when the medial anterior hypothalamus is electrically 

stimulated (Hess, 1957). A similar reaction occurs in anaesthetized cats 



(Ranson, Kabat, and Magoun, 1935) and rabbits (Yokoyama, Ban, and 

Kurotsu, 1960) during acute experiments in which the hypothalamus is 

stimulated. 
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Micturition and defecation elicited by hypothalamic stimulation 

may be due to activation of normal eliminative mechanisms, or may be 

due to anxiety or fear. Hess (1957) demonstrated that flight and 

"affective defence" could be elicited by stimulation of the medial 

anterior hypothalamu~ in the cat. However, the grooming elicited by 

hypothalamic stimulation in the present experiments cannot be attributed 

to fear or anxiety since rats actually groom very little in fear-producing 

situations (Bolles, 1960; Hughes, 1968). Also, stimulation of the hypo­

thalamus at intensities that evoked grooming did not produce flight or 

freezing behavior, and rats in which grooming was evoked did not usually 

avoid stimulation in the self-stimulation tests (Figure 15). 

Eating and Drinking 

The failure of medial-hypothalamic stimulation to induce eating 

or drinking is consistent with previous results (Grossman, 1967). The 

single animal from which stimulation elicited eating had an electrode 

i n the fornix (Chapter III) and stimulation of this site also elicited 

vigorous shaking followed by grooming like that observed in the mapping 

experiment (Chapter II). Shaking and grooming occurred when eating was 

elicited after the end of stimulation in the hippocampal formation and 

septal area (Milgram, 1968; Altman, 1969), so that the limbic areas 

involved in eating may be similar, in part, to those involved in grooming. 

In the hypothalamus, however, the areas involved in eating and drinking 



are probably somewhat different from those involved in shaking and 

stereotyped grooming. 

THE SEQUENTIAL ORGANIZATION OF GROOMING 

The results of Chapter IV confirmed preliminary observations 
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that grooming evoked by stimulation of the medial hypothalamus does not 

comprise random or haphazard occurrences of components. Rather, com­

ponents of grooming occur in organized sequences, so that certain com­

ponents tend to follow one another with a high probability. The longer 

the sequence, the higher the probability that a particular component 

will occur, and the culmination of this effect is a probability ap­

proaching unity that a postural change will occur if three face-washing 

components occur consecutively (Figure 14). A similar sequential 

organization of grooming was also observed in normal hooded rats (Chapter 

IV), in albino rats, and in rats removed four generations from the \,•ild 

(personal observations by the author). 

Detailed analysis of this sequential organization also disclosed 

that hypothalamic stimulation elicits grooming which is predominantly 

directed to the ipsilateral side. Similarly, Roberts et al. (1967) 

mentioned in passing that, when the opossum grooms one s i de predominantly, 

the side is usually ipsilateral to the electrode. The present results, 

moreover, indicated that the degree of preference for grooming the 

ipsilateral side was related to the distance of the electrode tip from 

the midline. 

Stimulation of the ventral or medial brain stem in cats (Skultety , 

1962) or rats (Hopkins, 1967) elicits ipsiversive turning primarily, while 
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stimulation of the lateral brain stem produces primarily contraversive 

motor effects. Thus, ventral midline structures may exert primarily 

ipsilateral effects to several levels of the brain and, at least in the 

hypothalamus, the strength of the ipsilateral tendency depends upon the 

distance of the stimulation from the midline. 

GROOMING AND REINFORCEMENT 

The results of the self-stimulation experiments were similar 

in all three test situations, and were consistent with the results of 

Christopher and Butter (1968): self-stimulation did not generally occur 

at sites from which grooming was elicited. This result is not surprising 

since the medial hypothalamus is an area in which self-stimulation cannot 

be obtained, yields low rates of responding, or has ambivalent rewarding 

effects (Olds & Olds, 1963; Poschel, 1966; Poschel & Ninteman, 1965; 

Wetzel, 1968). More specifically, electrodes in the paraventricular 

nucleus of the hypothalamus, through which stimulation readily evoked 

grooming in the present experiments, failed to support self-stimulation 

in the cat (Wilkinson & Peele, 1963) or the goat (Persson, 1962), so 

that the present results confirm this effect for the hooded rat. 

Nonetheless, the failure to obtain self-stimulation at sites 

from which grooming was elicited is theoretically significant, because 

it has been proposed that facilitation or elicitation of the motor activity 

involved in species-typical behavior is a sufficient condition for 

reinforcement (Glickman & Schiff, 1967). This conclusion is based, in 

part, upon findings that self-stimulation often occurs at sites from 

which eating (Margules & Olds, 1962), drinking (Mogensen & Stevenson, 



1966), or copulation (Caggiula and Hoebel, 1966) can be elicited, and 

that animals will learn tasks that provide an opportunity to perform 
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an evoked response such as gnawing (Roberts and Carey, 1965) or aggres­

sion (Roberts and Kiess, 1964). The present results demonstrate, in 

contrast, that self-stimulation does not occur at sites from which 

grooming can be elicited, although grooming is certainly a species­

typical behavior. 



SUMMARY 

(1) Grooming was elicited by electrical stimulation of three 

different levels of the neuraxis: the midbrain tectum, the limbic 

system, and the medial anterior hypothalamus. 
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(2) There was a dissociation between classes of somatic com­

ponents. Hypothalamic stimulation resulted in the more frequent 

occurrence of only one class (face-washing and fur-licking and biting), 

while the other class (shaking and scratching) occurred more frequently 

in spontaneous grooming during and following limbic system stimulation. 

(3) Grooming elicited by anterior hypothalamic stimulation 

resembled thermoregulatory grooming in some respects, except that 

salivation and vasodilatation of the tail were absent. 

(4) Components of both evoked grooming and spontaneous grooming 

occur in organized sequences, so that particular components tend to 

follow one another with a high probability. 

(5) Self-stimulation did not generally occur at hypothalamic 

sites from which grooming was elicited. 
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APPENDlX A. 

Descriptions of Grooming Responses Observed in the Various 

Experiments. 

Face-washing one (FW 1): bilateral repetitive, but not necessarily 

synchronous, movements of the forepaws around the mouth, 

vibrissae, arid snout. Chewing and licking of the forepaws 

was always associated with this response. 

Face-washing one rapid (FW 1 R): very rapid bilateral repetitive 

synchronous movements of the forepaws over the snout in the 

region of the vibrissae. The entire response lasts 

approximately one second and is always preceded by FW 1. 

Face-washing two (FW 2): bringing one or both forepaws up over the 

top of the head and behind the ears. 

Face-washing (FW): includes all of the face-washing responses described 

above. 

Back-grooming (BG): licking or biting the fur on any part of the 

back and flank. 

Abdomen-grooming (STOM): licking or biting the fur on the abdomen. 

Scrotum-licking (SCR): licking the exposed skin of the scrotal sac. 

Tail-base licking (TB): licking the base of the tail and perineal area. 

Foot-licking (FL): licking the dorsal and ventral surface of the hind 

feet. The rat generally holds the hind foot in its forepa,vs 

while licking. 
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Tail-licking (TL): licking the length of the tail starting from 

the base. The tail is licked on both the dorsal and ventral 

surfaces while being held in the forepaws. 

Penis-licking (PL): licking the penis which is usually erect during 

the response. 

Ventral-surface grooming (VS): includes all of the above except face­

washing and back-grooming. 

Scratching and toe biting (SCRATCH): scratching the head and body 

with the hind foot. Biting the toes of the same foot is 

usually alternated with the scratching movements. 
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