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Fig. 3. Climatological comparison of the 
Western Amazon Basin with the local 
Miami environment, showing in both 
environments the correlations of birth 
season with periods of maximum rainfall 
and of mating seasons with periods of 
minimum rainfall. 

the cycle for Iquitos is only ? 11 min- 
utes, and it is difficult to seriously 
consider this as a triggering or con- 
trolling factor. 

The precipitation cycles in the two 
environments occur 6 months out of 
phase. In both environments the mat- 
ing seasons occur during the dry 
periods, whereas the birth seasons oc- 
cur during the rainy ones. Thorington 
(8) reports that a birth season occurs 
during February, March, and April in 
San Martin, Colombia, which is 4? 
north of the equator and in the same, 
though greatly attenuated, light-dark 
cycle as Miami. However, the rainy 
season for the area is March, April, 
and May. Again the correlation is evi- 
dent. There was no apparent relation- 
ship between the temperature cycles 
of the two environments and repro- 
duction. 

Mating seasons occur in the valleys 
of the precipitation curves for all three 
environments reported. There must be 
present in the early dry season some 
factor that causes hormone production 
to begin. Two possible ones are (i) the 
wavelength quality of solar radiation 
as influenced by atmospheric moisture, 
and (ii) a nutritional factor possibly 
associated with the forest flowering 
sequence, which in turn is usually as- 
sociated with nonvegetative phases dur- 

ing dry periods. 
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More and more primates are being 
described as seasonally reproductive 
and, although ours, we believe, is the 
first report of such a phenomenon in a 
New World primate, others may also 
exhibit some form of seasonal repro- 
duction. What may be unique in the 
Saimiri is the extent to which this sexual 
periodicity influences the whole animal, 
causing in the males significant physi- 
ological, morphological, and behavioral 
changes that have not been observed 
in the Old World primates reported to 
date. 

Our findings suggest that mating 
phases of both sexes must be in syn- 
chrony before reproduction can occur. 
Reproduction asynchrony may result 
from random pairings of animals in var- 
ious stages of the shift in the cycle 
from feral environment to the labo- 
ratory environment. These factors, 
which proba(bly have not been consid- 
ered by investigators attempting to es- 
tablish breeding groups, may be asso- 
ciated with the history of poor repro- 
duction among squirrel monkeys in 
laboratories. Groups composed of ani- 
mals simultaneously imported during 
the feral mating season, or in which 
permanent membership has been main- 
tained over several years, would prob- 
ably be in reproductive synchrony. 

FRANK V. Du MOND 

Monkey Jungle, Inc., 
Miami, Florida 33170 
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Department of Obstetrics and 
Gynecology, University of Miami 
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Behavior Development in the Dog: 
An Interspecific Analysis 

Abstract. Young dogs were main- 
tained in isolation from other dogs 
and under varying degrees of exposure 
to an alien species (mature rabbits). 
Parametric observations indicate that 
an interspecific social attachment de- 
velops during the initial hours of co- 
habitation. The later social interaction 
patterns of the dogs were influenced, 
but not irrevocably fixed, by the early 
cross-specific rearing experience. 

Immature animals that have been iso- 
lated from their own kind and reared 
with another species generally demon- 
strate a strong affinity for the "alien" 
animals (1). Despite the relevance of 
this curious phenomenon for the proc- 
esses of species-identification and at- 
tachment behavior, it has been infre- 
quently studied under laboratory con- 
ditions (2). Virtually no information 
is available with respect to the time- 
course !of the process in mammals, or 
the extent to which the effects of early 
exposure to an alien species are endur- 
ing. To obtain parametric data on these 
issues, we reared young canines under 
various conditions of interaction with 
mature lagomorphs. We found that in- 
terspecific attachments develop with 
great rapidity in young dogs, an out- 
come which is in accord with the 
stimulus pattern theory of mammalian 
attachment behavior (2) 

In our first experiment, 30 purebred 
dogs from the Jackson Laboratory were 
placed at 29 ? 2 days of age in indi- 
vidual compartments (1.2 by 0.8 by 
1.2 m high) enclosed on four sides 
by opaque walls and open at the top. 
The rearing conditions permitted nei- 
ther physical nor visual contact with 
other dogs. Ten animals were assigned 
to each of three conditions: (i) inter- 
action, in which a dog was permitted 
continuous physical contact with a rab- 
bit cohabitant; (ii) noninteraction, in 
which a dog and rabbit were separated 
by a double wire fence (2.5 by 5.1 cm 
interstices) down the midline of the 
compartment, which permitted visual 
and olfactory stimulation but no physi- 
cal contact; and (iii) isolation, in which 
a dog was reared alone. The rearing 
conditions were comparable for all 
conditions save the varying degree of 
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contact permitted with the alien co- 
habitant. Five pure breeds of dogs were 
used: basenjis (N = 7), beagles (N 
4), cocker spaniels (N = 2), Shetland 
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sheepdogs (N = 8), and Telomians 
(N = 9). Within each sex-breed cate- 
gory, animals were assigned at random 
to the three experimental conditions. 
The cohabitants were mature rabbits 
obtained from the stocks of the Jack- 
son Laboratory. 

At the start of the experiment, the 
pups were placed alone in the com- 
partment for 2 hours, after which the 
rabbit cohabitant was introduced. To 
investigate the development of attach- 
ment formation, a series of cohabi- 
tant removal-replacement tests was 
conducted. Each test ran for 18 min- 
utes and involved six alternating pe- 
riods in which the rabbit cohabitant 
was in the compartment for 3 minutes 
and then removed for 3 minutes. The 
indices of disturbance recorded were 
the number of vocalizations emitted by 
the young dog and the amount of loco- 
motion shown by the dog in the co- 
habitant-absent periods relative to the 
cohabitant-present periods. For dogs 
reared alone in the isolation condition, 
these indices were recorded during the 
same time periods with no removal- 
replacement introduced. Removal-re- 
placement tests were conducted with 
every animal after 0, 1, 2, 4, 8, 24, 48, 
96, and 168 hours, and thereafter at 
weekly intervals. 

The vocalization results over the 
first week of cohabitation are given 
in Fig. 1. By the end of the first day, 
animals in the interaction condition 
whined and yelped at high rates dur- 
ing those occasions when the rabbit 
was removed. Vocalization was accom- 
panied frequently by the dogs' moving 
about the compartment and scratching 
at its walls. Similarly, a significant but 
less pronounced effect was observed 
after 1 week of experimental confine- 
ment for dogs in the noninteraction 
condition. Sutbsequent weekly tests in- 
dicated decreasing levels of vocal and 
motor disruption during the absence of 
the rabbit cohabitant, a finding which 
is consistent with the report of Elliot 
and Scott (3). However, the interaction 
group after 8 weeks of cohabitation 
continued to vocalize at a significantly 
elevated rate indicating a lack of ha- 
bituation to this separation. Compara- 
ble results in terms of curve form and 
levels of statistical significance were 
obtained in the analysis of general ac- 
tivity (that is, locomotion). The results 
obtained in the noninteraction condi- 
tion indicated that physical contact fa- 
cilitates, but is not necessary for, the 
separation-disruption phenomena (4). 
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After 5 weeks of cohabitation, the 
dogs' "social" preferences were as- 
sessed in a series of learning trials in 
a Y maze with a noncorrective proce- 
dure. In this apparatus, the dogs could 
learn to choose either their rabbit co- 
habitant (or, in the case of dogs as- 
signed to the isolation condition, a 
rabbit which had cohabited with an- 
other pup) or an empty goal area. 
Tests were conducted over a 5-day 
period, with two sets of three trials 
each day. For a given dog, the place- 
ment of his rabbit cohabitant was con- 
stant and he was required to learn a 
position response. If the dog did not 
enter one of the two goal areas within 
6 minutes of the first day or within 3 
minutes of succeeding days, he was 
placed in either the right or the left 
goal area. In all instances, the animals 
were permitted to remain in the goal 
area for 60 seconds prior to the begin- 
ning of the next trial. The index of 
preference obtained was the number of 
trials that the dog freely selected the 
rabbit minus the number of trials that 
he ran to the empty goal compartment. 

No dog (0/10) in the interaction 
condition, 20 percent (2/10) in the 
noninteraction condition, and 60 per- 
cent (6/10) in the isolation condition 
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selected the empty compartment more 
frequently than the compartment con- 
taining the rabbit. Furthermore, the 
amount of behavioral disruption (as 
assessed by amount of vocalization) ob- 
served among dogs in the interaction 
condition during the 5th-week removal- 
replacement test provided a remarkably 
reliable gauge of the pups' choice be- 
havior. Thus the more disrupted the 
dog was by rabbit-cohabitant separa- 
tion, the greater was the likelihood 
that he would approach the rabbit (p 
- .81, P < .01). A significant corre- 
lation was found only for the dogs in 
the interaction condition. 

A final test series was conducted 
after 8 weeks of cohabitation. Over 
four test trials given daily, the dogs 
were permitted to approach a rabbit in 
a neutral 1.8 by 1.8m test chamber. 
On two trials, the test animal was the 
dog's cohabitant, or, in the case of iso- 
lated dogs, a rabbit that had cohabited 
with another pup. In the remaining 
trials, the test animal was a rabbit 
which had not been maintained in in- 
terspecific cohabitation. The latency re- 
corded was the time elapsed from the 
dog's entry into the compartment to 
the point at which it made physical 
contact with the test animal. If the dog 
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Fig. 1. Amount of vocalization, plotted as a function of number of hours of co- 
habitation for the three experimental conditions. These data represent the mean 
vocalization difference scores (vocalization when rabbit was removed minus vocali- 
zation when rabbit was present). Analysis by the L test (13) indicates that both the 
interaction (P <.001) and noninteraction (P <.01) conditions show increase in 
discriminative vocalization during the first week of cohabitation. 
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Table 1. Median latency (in seconds) for 
dogs to approach cohabitant and noncohab- 
itant rabbits. Separate analyses of variance 
upon the scores obtained in a logarithmic 
transformation of the prime data indicate 
that the three groups of dogs differed in their 
latency in approaching both the familiar (F 
= 6.61, df 2/27, P <.01) and unfamiliar 
(F _6.21, df =2/27, P< .01) test animals. 

Test animal 
Condition 

Cohabitant Noncohabitant 

Interaction 4.0 9.0 
Noninteraction 8.0 52.5 
Isolation 128.0 193.0 

did not approach the test animal within 
5 minutes, the test was terminated. 
Again, the groups differed markedly in 
their approach behavior. Median la- 
tencies are presented in Table 1. Ani- 
mals in the interaction condition had 
the shortest latencies, while animals in 
the isolation condition had the longest 
latencies, with the latter dogs frequent- 
ly failing to contact the test rabbit in 
the entire 5-minute period (5). Appar- 
ently the essential phenomenon is 
trans-situational, and not restricted to 
a given test arrangement or limited to 
the particular rabbit with which the 
pup had cohabited. 

These data are consistent in showing 
that interspecific rearing conditions 
have a pervasive influence on the young 
dog's response to another species to 
which it has been exposed. One of the 
more remarkable features of these re- 
sults was the rapidity of formation of 
the interspecific attachment. Subse- 
quent experiments confirmed that the 
phenomenon was not an artifact of the 
test procedures adopted nor of the re- 
sponse index employed. Independent 
removal-replacement results were ob- 
tained from a new group of 31 dogs 
maintained in an interaction condition 
similar to that of the first experiment, 
but tested only after 88 hours of co- 
habitation (6). These results, which 
were free of the influence of repeated 
testing, were not significantly different 
from those obtained after 96 hours of 
interaction-cohaibitation in the first ex- 
periment. Nor were the effects restrict- 
ed to the vocalization-disruption mea- 
sure. After 4 days in the interaction 
condition, a significant shift was ob- 
tained in the preference of the experi- 
mental dogs for the rabbits. These data 
strongly suggest that significant changes 
in social preference occur over rela- 
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were free of the influence of repeated 
testing, were not significantly different 
from those obtained after 96 hours of 
interaction-cohaibitation in the first ex- 
periment. Nor were the effects restrict- 
ed to the vocalization-disruption mea- 
sure. After 4 days in the interaction 
condition, a significant shift was ob- 
tained in the preference of the experi- 
mental dogs for the rabbits. These data 
strongly suggest that significant changes 
in social preference occur over rela- 
tively short periods. A recently com- 
pleted study by Fleener (7) indicates 
that human infants share this capacity 
for the rapid establishment of social 
preferences. 
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Observations of the animals in the 
first week of cohabitation yielded data 
which were consistent with the quanti- 
tative results. After an initial period 
of mutual avoidance, a considerable 
portion of the young dog's time was 
spent in grooming, lying upon, and 
gnawing at the extremities of his co- 
habitant. Such behavior continued 
throughout the duration of the experi- 
ment. As the dogs grew older and more 
capable of inflicting physical damage 
through grooming and "play" activities, 
the outcomes became increasingly more 
noxious to the rabbit cohabitant. By 
the 8th week of cohabitation, six of 
the ten rabbits in the interaction con- 
dition were severely injured and the 
pairings were discontinued. Contrary to 
the earlier reports of Kuo (8), contin- 
ued cohabitation is not necessarily as- 
sociated with the development and 
maintenance of peaceful relationships 
between species. 

Preliminary information was ob- 
tained on the post-experimental sexual 
adaptation of dogs that had cohabitated 
with rabbits. A follow-up study of the 
subgroup of six female beagles used in 
the two experiments indicated that alien 
cohabitation does not necessarily in- 
hibit the development of species- 
appropriate reproductive activities. Of 
the six animals observed in maturity, 
four were successfully mated and pro- 
duced litters in their first heat. Parallel 
data on male dogs unfortunately were 
not obtained. 

Our results clearly indicate that the 
young dog's experience prior to the 
3rd week of life does not preclude the 
rapid establishment of a "new" social 
bond with respect to a member of an- 
other species. Moreover, early expo- 
sure to an animal of another species 
does not insure against the subsequent 
development of antagonistic patterns of 
interaction with that species. 

The present findings thus are consist- 
ent with recent reports which empha- 
size the role of contemporary events, 
both endogenous and exogenous, in 
the control of the social behavior (9). 
Specifically, studies of the post-emer- 
gence behavior of dogs reared in com- 
plete isolation have demonstrated that 
the intensity of the treatment effects 
can be greatly modified by varying the 
conditions of emergence (10). Similar- 
ly, our previous work indicates that 

Observations of the animals in the 
first week of cohabitation yielded data 
which were consistent with the quanti- 
tative results. After an initial period 
of mutual avoidance, a considerable 
portion of the young dog's time was 
spent in grooming, lying upon, and 
gnawing at the extremities of his co- 
habitant. Such behavior continued 
throughout the duration of the experi- 
ment. As the dogs grew older and more 
capable of inflicting physical damage 
through grooming and "play" activities, 
the outcomes became increasingly more 
noxious to the rabbit cohabitant. By 
the 8th week of cohabitation, six of 
the ten rabbits in the interaction con- 
dition were severely injured and the 
pairings were discontinued. Contrary to 
the earlier reports of Kuo (8), contin- 
ued cohabitation is not necessarily as- 
sociated with the development and 
maintenance of peaceful relationships 
between species. 

Preliminary information was ob- 
tained on the post-experimental sexual 
adaptation of dogs that had cohabitated 
with rabbits. A follow-up study of the 
subgroup of six female beagles used in 
the two experiments indicated that alien 
cohabitation does not necessarily in- 
hibit the development of species- 
appropriate reproductive activities. Of 
the six animals observed in maturity, 
four were successfully mated and pro- 
duced litters in their first heat. Parallel 
data on male dogs unfortunately were 
not obtained. 

Our results clearly indicate that the 
young dog's experience prior to the 
3rd week of life does not preclude the 
rapid establishment of a "new" social 
bond with respect to a member of an- 
other species. Moreover, early expo- 
sure to an animal of another species 
does not insure against the subsequent 
development of antagonistic patterns of 
interaction with that species. 

The present findings thus are consist- 
ent with recent reports which empha- 
size the role of contemporary events, 
both endogenous and exogenous, in 
the control of the social behavior (9). 
Specifically, studies of the post-emer- 
gence behavior of dogs reared in com- 
plete isolation have demonstrated that 
the intensity of the treatment effects 
can be greatly modified by varying the 
conditions of emergence (10). Similar- 
ly, our previous work indicates that 
the primary effects of interspecific rear- 
ing in sheep can be reversed (11). While 
some long-term effects of early experi- 
ence on social and sexual behavior pat- 
terns cannot be gainsaid (12), our data 
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