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Sexually experienced male rats, injected intranasally with ZnSO. solution, showed decreased 
social investigation toward juvenile and adult conspecifics of either sex, when tested 
2 months posttreatment. Saline-treated control males exhibited levels of social-investigatory 
behavior toward juveniles similar to those displayed toward adult nonreceptive females. 
Copulatory attempts and aggression toward juveniles was minimal, with intense aggression 
against adult males exhibited by controls but not by anosmic subjects. Anosmic and control 
subjects showed comparable frequencies of mounting adults of both sexes. The results empha
size the importance of olfaction in social recognition and the differential effects of olfactory 
loss upon copulatory and aggressive behavior. 

In rodents, the meeting of two unfamiliar conspecif
ics is characterized by the display of a number of 
species-typical behaviors. These social-investigatory 
behaviors include bodily contact, sniffmg of different 
body areas, especially the perineal region, and mutual 
grooming (Barnett, 1975; Blanchard & Blanchard, 1977; 
Christiansen & Doving, 1976; Grant & Mackintosh, 
1'963; Reynierse, 1971). During this preliminary investi
gation, which is usually the precursor of either aggressive 
or copulatory acts between adults, each animal appar
ently determines the sex, the reproductive state, and, 
possibly, the social status of the other. Several studies 
have shown that the nature of the terminal response 
(copulation or aggression) of this investigatory sequence 
is primarily determined by olfactory cues (Flannelly & 
Thor, 1976; Jones & Nowell, 1975; Payne, 1974). 

The degree of adult social responsiveness toward 
juveniles of the same species has not been systematically 
examined in rodents. Barnett (1967) suggests that, in 
the rat, unfamiliar juveniles are ignored by adult males. 
Other studies have determined that some changes in 
the social response of the rat toward unfamiliar 5- to 25-
day-old juveniles are under olfactory control (Meyer, 
1964; Paul & Kupperschmidt, 1975), and some changes 
in social investigation of older juveniles have been 
reported (Thor, 1980). 

The purpose of the present study was to compare 
the social responsiveness (including sexual and aggres
sive behavior) of anosmic and intact adult male rats 
toward conspecific adults and juveniles of each sex. 

METHOD 

Animals 
Eight sexually experienced male rats of the Long-Evans 

strain, weighing 440-545 g, were used as subjects. Thirty-two 
males and 32 females of the same strain were used as stimulus 
animals. Half of the stimulus animals were adults (100-
120 days old) and half were juveniles (3040 days old). Weight 
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ranges of each category were as follows: juvenile females, 
100·155 g; juvenile males, 100-165 g; adult females, 305450 g; 
adult males, 430-500 g. All stimulus animals were housed in 
like-sex groups of four to six animals. The eight adult males 
used as subjects were housed individually in 41 x 51 x 22 cm 
polypropylene pan cages for 2 weeks before testing. Food 
(Purina Chow) and water were freely available, and illumination 
was on a reversed 12-h/12-h daily light-dark schedule through
out. 

Procedure 
Anosmia treatment. Two months prior to testing, subjects 

received a 3-day regimen of multiple intranasal applications 
of either isotonic (.9%) saline (n = 4) or isotonic (7.65%) ZnS04 

(n = 4) solution. Under light ether anesthesia, a polypropylene 
tube was inserted 2 cm into the nares and .2 m1 of solution 
was slowly syringed into the nasal cavity. During injection and 
recovery from anesthesia, the animal was held head downward to 
permit drainage of the solution onto an absorbent towel. ZnS04 

or placebo injections were repeated at 2-h intervals three times 
daily. See Thor and Flannelly (1977a) for further details of the 
application technique.-

Anosmia test. One week prior to testing social responsiveness 
(2 months posttreatment), subjects were tested to determine 
latency to withdraw (tum 180 deg) from an aversive odorant 
(10% ammonium hydroxide solution) in comparison with 
female urine and distilled water. Similar methods of assessing 
olfactory discrimination have been described by Benuck and 
Rowe (1975), Latane, Joy, Meltzer, and Lubell (1972), and 
Thor and Flannelly (1977a). Each subject was placed in a clear 
plastic box (20 x 10 x 12 cm) with a top that allowed the 
introduction of cotton swabs at either end of its long axis. A 
freshly dipped swab was placed about 1 em from the tip of 
the nose, where it was maintained for 15 sec or until the subject 
turned. Subjects usually oriented themselves on the long axis 
of the box but displayed occasional spontaneous 180-deg turns. 
Stimuli were presented only when an animal was facing forward 
and immediately following a spontaneous tum. At least one 
spontaneous 180-deg tum occurred between each stimulus 
presentation. Subjects were tested once each day for 5 days, 
with each stimulus presented once during a test session. Order 
of stimulus presentation was randomly determined for each 
daily session. 

Social behavior test. Testing was conducted in each subject's 
home cage. On the lst day of testing, each subject was given 
lO-rnin exposure to each of the four types of stimulus animals. 
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Order of presentation was prearranged according to a Latin 
square, with a lO-rnin interval between tests. Subjects were 
tested again the following day (each subject was therefore tested 
twice with each type of stimulus animal). Each stimulus animal 
was used only once. During the IO-rnin exposure, frequencies 
of the male subject's socia1-investigatory, sexual, and aggressive 
behaviors toward the stimulus animal were recorded (Blanchard 
& Blanchard, 1977; Grant & Mackintosh, 1963). 

RESULTS 

Social Behavior Test 
Figure 1 presents the group mean frequencies of 

anosmic and control subjects'social, sexual, and aggres
sive responses during lO-min exposures to each type of 
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Figure I. Mean (and standard enor) frequency of male 
responding during IIHnin exposures to each of four types of 
stimulus animals. Black bars indicate ZnSO. -treated animals; 
speckled bars indicate saline-treated controls. 

stimulus animal. A 2 (sensory treatment) by 2 (size of 
stimulus animal) by 2 (sex of stimulus animal) by 2 
(test day) ANOVA was performed on each measure. 
The main effect of sensory treatment was significant 
for social investigation [F(I,6) = 17.13, P < .0 1] and 
aggressive posturing [F(l ,6) = 8.3 5, p < .05] , but nonsig
nificant for mounts. Only size of stimulus animals was 
found to have a significant effect on mounting behavior 
[F(I ,6) = 8.06, p < .05], with adult animals mounted 
more frequently. No subject achieved intromission, and 
no stimulus females displayed lordosis or proceptive 
behaviors. Significant interactions of Size by Sex [F(I,6) 
= 11.21, p < .0 1] and Sensory Treatment by Size by 
Sex [F(I,6)= 7.41, p< .05] were found for social 
investigation. These interactions represent certain 
obvious characteristics of the response of control sub
jects: an enhanced social response toward adult females 
compared with that exhibited toward juveniles of either 
sex, and reduced levels of social investigation toward 
males. The interaction of Sensory Treatment by Size by 
Test Day [F(I,6) = 9.92, p< .05] was also significant 
for the social investigation measure. The response of 
saline-treated subjects toward juveniles increased from 
the 1st to 2nd day of testing, as did the response of 
ZnS04 -treated subjects toward adults. No other main 
effects or interactions were significant for this or the 
other two measures. 

Females, in general, were approached, followed, and 
sniffed more frequently than were males. Anogenital 
sniffing of adult females was only slightly greater than 
that shown toward juveniles. Saline-treated subjects 
displayed a slight decline in anogenital sniffmg of 
adults from the I st to the 2nd day of testing, whereas 
their frequency of anogenital sniffing of juveniles 
increased appreciably on the 2nd test day. Anogenital 
sniffmg by anosmic males was minimal toward all groups 
throughout testing and did not change over days. 

As seen in Figure I, intact subjects showed consider
able aggression toward intact males placed into their 
home cages. Intact subjects showed at least one bite 
attack in every test with an adult male intruder. No 
other stimulus animal was ever bitten" In contrast to the 
aggressive response of these subjects, anosmic subjects 
showed virtually no aggressive responding toward other 
adult males. No anosmic male showed offensive sideways 
posture (or lateral attack) or attacked any stimulus 
animal, even though testing was conducted 2 months 
after znS04 treatment. 

Anosmia Test 
Mean latencies to withdraw (tum 180 deg) from each 

type of stimulus are given in Table I. A 2 (sensory treat
ment) by 3 (type of stimulus) by 5 (days of testing) 
ANOV A was perfooned upon the latency scores. The 
effect of type of stimulus [F(2,12) = 8.90, p < .01] and 
interaction of Sensory Treatment by Type of Stimulus 
[F(2,12) = 19 .21, P < .01] were significant, with the 
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Table I 
Means and Standard Errors of Zinc- and Saline-Treated Groups' 

Withdrawal Latency From Ammonium Hydroxide 
and Control Solutions 

Group 

Saline Zinc 

Stimulus Solution Mean SE Mean SE 

Ammonium Hydroxide 5.9 1.9 12.6 1.5 
Female Urine 13.7 1.4 11.7 2.1 
Distilled Water 12.9 1.7 10.4 1.9 

ZnS04 -treated group showing a greater mean latency to 
withdraw from the ammonium hydroxide solution than 
saline-treated controls. Withdrawal latencies for the 
other two stimuli were comparable for the two groups, 
and no other main effects or interactions were signifi
cant. When failing to turn away from the ammonia
soaked swabs, ZnS04 -treated subjects typically exhib
ited facial grooming and digging movements. Saline
treated subjects similarly performed facial grooming 
upon exposure to the ammonia, but they did so only 
briefly before turning away from the swab. The pro
longed withdrawal latencies of ZnS04 -treated subjects 
demonstrated their loss of olfactory ability to spatially 
localize the irritant source. 

DISCUSSION 

All four types of stimulus animals elicited social-investigatory 
behavior from intact male subjects. Investigation of adult males 
was only preIiminary to aggressive attack by saline-treated sub
jects, whereas social investigation of females was more sustained 
throughout the test session. Although juveniles between 20 and 
40 days of age do not elicit aggression (Meyer, 1964; Thor & 
FIannelly, 1976) or copulation, they do appear to elicit normal 
social investigation (see Figure 1). TItis finding is in disagreement 
with the observation of Barnett (1967) that immature con
specifics entering a strange territory are ignored by adult males. 
Social investigation appears essential in determining sex and 
reproductive status of an unfamiliar animal, and consequently, 
it is displayed toward all animals entering another's territory. 
While adult females may be investigated quite thoroughly by a 
territorial resident to assess their reproductive status, unfamiliar 
males are quickly discerned and attacked by resident males 
with little investigation thereafter (Blanchard & Blanchard, 
1977). This is especially true if male residents have extensive 
experience with intruders (Blanchard, Takahashi, & Blanchard, 
1977). 

Dixon and Mackintosh (1976) have reported that adult 
male mice respond differentially to the odors of juvenile con
specifics of either sex. Specifically, the urine of juvenile females 
placed on the coats of adult males that were used as stimulus 
animals inhibited attack against these males, whereas stimulus 
males treated with the urine of male juveniles were vigorously 
attacked. While both male and female juveniles were themselves 
free from aggressive assault by males, the results suggest that 
juvenile females possess a sex-i.dentifying scent capable of 
inhibiting male aggression. Taylor (Note 1) similarly reports 
the capacity of juvenile mouse urine to inhibit aggression, but 
since this effect was not restricted to female urine, no evidence 
of sex-identifying odors in juveniles is indicated . The present 
fIndings fail to demonstrate discrimination of the sex of juve
nile conspecifics by adult male rats. Differential responding 

toward juvenile males and females was not anticipated in the 
present study, since recognition of maleness, at least, is depen
dent upon changes in gonadal function associated with puberty 
(Flannelly & Thor, 1978; Thor & Flannelly, 1976). As such, 
the lack of aggression exhibited toward juvenile rats by adult 
male conspecifics need not be attributed to a process of active 
aggressive inhibition. . 

As found in previous studies using sexually naive subjects 
(Flannelly & Thor, 1976; Thor & Flannelly, 1977b), intranasal 
applications of ZnSO. solution significantly decreased all 
measures of male social investigation. The length of time 
(2 months) between treatment and testing likely precludes the 
possibility that residual effects of toxicity produced by ZnSO. 
treatment can account for the reduced social investigation of 
experimental subjects. Further, the results of the anosmia tests 
(see Table 1) support the assumption that ZnSO. -treated ani
mals were anosmic at the time of behavioral testing. The 
observed reduction in social-i.nvestigatory behaviors toward 
conspecifics thus appears to result solely from loss of olfactory 
ability. Despite the failure of some researchers (e.g., Soltnick 
& Gutman, 1977; Stone, 1941) to produce peripheral olfactory 
deficits adequate for behavioral research purposes using intranasal 
administration of ZnSO. solution, an abundance of fIDdings 
indicate its utility in this regard. There is now clear behavioral 
evidence of prolonged peripheral anosmia of up to 2 month's 
duration in rats and mice (Flannelly, Dupree, & Thor, 1977; 
Harding, Getchell, & Margolis, 1978; Thor & Flannelly, 1977a). 
These data are further supported by histological fIDdings of 
extensive destruction of the nasal epithelium, atrophy of the 
olfactory bulbs, and associated biochemical alteration of the 
olfactory pathway following multiple intranasal applications 
of ZnSO. solution (Harding et al., 1978; Harding & Margolis, 
1976; Margolis, Roberts, Ferriero, & Feldman, 1974). In discuss
ing the effects of ZnSO. in mice, Harding et a1. (1978, p. 282) 
comment that "although the olfactory mediated food-fIDding 
behavior ultimately returns to normal after many months, 
most of the biochemical and morphological changes observed 
are irreversibie and only regain 5-10% of control values." 

The present fIDdings, in conjunction with previous research, 
indicate that social recognition in the rat is principally deter
mined by olfactory cues. Loss of olfactory ability reduced 
social-i.nvestigatory behavior toward stimulus animals to com
parably low levels regardless of sex or size. The results further 
support the contention that anosmia eliminates territorial 
aggression of resident male rats toward unfamiliar males (Alberts 
& Galef, 1973; Flannelly & Thor, 1976) as part of this reduced 
social responsiveness. 

Finally, a certain basal level of copulatory responding 
(Figure 1) is apparently elicited from sexually experienced 
males by conspecifics of sufficient body size. TItis level of 
sexual responding persists in the absence of olfactory cues 
and may be exhibited by intact animals even when olfactory 
cues that elicit aggressive responding are present. While the 
anosmic males of the present study show slightly reduced 
levels of mounting, anosmic males with extensive sexual experi
ence have been found to be highly persistent in repeated copu
latory attempts with adult nonreceptive females (Thor & 
Flannelly, 1978). In view of the variety of social information 
conveyed by olfaction in the rat (Carr, 1974), it may seem 
curious that mounting in this species may be elicited by the 
simple semblance of an adult conspecific (see Beach, 1942). 
Previous research, however, has shown that although olfactory 
stimuli are significant in the initiation of copulation by the male 
rat, non olfactory cues suffice to maintain copulation in sexually 
experienced males (Berm ant & Taylor, 1969; Thor & Flannelly, 
1977c; Wilhelmsson & Larsson, 1973). Indeed, following the 
loss of olfactory function, sexually experienced males are 
capable of adequately selecting estrous females from among 
other stimulus animals on the basis of nonolfactory cues (Thor 
& Flannelly, 1978). 
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Given the critical biological import of copulation , it is not 
surprising, therefore, that its manifestation is not strictly 
dependent upon particular sensory input (Beach, 1942). Aggres
sion, on the other hand,is biologically functional only within a 
limited spatial and social context, and thus its initiation is under 
specific sensory control, namely, olfaction, in the rat. 

REFERENCE NOTE 

1. Taylor, G. T. Juvenile mouse urine as an aggression inhibitor. 
Paper presented at the annual meeting of the Psychonomic Society, 
Washington, D.C., November 1977. 
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