Effects of early gentling and early environment on emotional development of puppies. 
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Abstract
In recent years much interest has been focused on early experiences and numerous studies have been carried out in order to understand their effects on the behaviour of adult animals. The aim of this preliminary study was to assess the effects of early gentling and early environment on the emotional stability of puppies. Forty-three dogs (16 females and 27 males) from seven litters were used. Four of these litters (in total 23 puppies) were raised in a professional breeding kennel, while the remaining litters lived in their owner’s home, in a family atmosphere. Half of every litter was gently handled daily from the 3rd day postpartum until the 21st. In order to assess the puppies’ emotionality, an isolation test followed by an arena test were conducted on every puppy at the age of 8 weeks. Video recording of the tests allowed the measurement of each puppy’s vocalisation and exploratory activity. Data were analysed with the Newmann-Keuls’ test comparing 4 groups: non-handled puppies raised in family (NHF); handled puppies raised in family (HF); non-handled puppies raised in a professional breeding kennel (NHB); handled puppies raised in a professional breeding kennel (HB).

The results suggest that early environment strongly influences the emotional stability of puppies when put in isolation: latency to the first yelp was longer (p<0.05) in the HB group (89.46(66.42) compared to NHB (45.90(52.76), NHF (13.10(12.17) and HF (17.90(14.32), and in the NHB compared to NHF and HF; duration of vocalizations was shorter (p<0.05) in the HB (36.77(54.16) and NHB group (72.80(60.57) compared to NHF (149.78(19.52) and HF (132.50(45.24). Moreover, early gentling had a cumulative positive effect on the emotional development of puppies. For both environments, handled puppies were calmer. In fact, they showed longer latency to vocalise and handled puppies (HB=119.00(39.85; HF=97.12(33.56) spent significantly more time (seconds) in exploratory activity (p<0.05) compared to the corresponding non-handled puppies (NHB=64.90(34.06; NHF=57.00(26.61). 
Therefore, it is concluded that the deliberate inclusion of gentling during early puppyhood would be advantageous to the emotional development and welfare of the puppy, in particular for those at risk of limited or poor tactile stimulation in the early weeks. 
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Introduction
Neonatal development is a dynamic process; the development of the nervous system in man and animals depends to a great extent on the individual’s interactions with its environment before and after birth and this influences behavioural development. Various  circumstances such as poor maternal care, alimentary  disorders, physical stress and diseases can negatively affect neuronal development (Chapillon et al., 2002), modifying the activity of physiological systems involved in the stress response and cognitive functions (Oitzl, 2001) in ways that remain to be elucidated (Schore, 2002).

Therefore, the pre- and post-natal environment has considerable influence on the physical and behavioural characteristics of adults. Just as deprivation and stressful conditions can produce negative effects, many events can operate positively on  ontogenesis.
In recent years much interest has been focused on postnatal handling and numerous studies have been carried out in order to understand its effects on the eventual behaviour of adult animals. As early as 1956, Levine et al. demonstrated long-term positive effects of a brief separation of neonate rats from the mother. When adult, the ‘separated’ rats were less reactive, more emotionally stable compared to controls. Subsequent studies investigating early handling and environment also focused on rodents, though results often seemed contradictory due to different experimental protocols. However, environmental enrichment and post-natal stimulation were shown to have deep and lasting consequences for the physiological characteristics of subjects, including influencing the future onset of deficits related to senescence (Anisman et al., 1998). 

As a rule, early handling and mildly stressful stimulations in newborn rats favorably alter their behaviour as adults, as they are less susceptible to stress (Nunez et al., 1997; Vallée et al., 1997; Meerlo et al., 1999) and, in stressful situations, they show a lower activation of the hypothalamus-pituitary-adrenal axis compared to control animals (Levine et al., 1967; Plotsky et al., 1993). As regards behaviour, rats who experience brief, early handling show greater exploratory activity and a lower frequency of defecation in a novel environment (Levine, 1957; Fernández-Teruel et al., 1991; Fernández-Teruel et al., 1992). In addition, handling appears to accelerate the maturation of nervous structures in some species; for example, in the cat it is associated with the precocious appearance of EEG waves typical of adults and with the earlier opening of the eyes (Meier, 1961). 

Levine et al. (1975) hypothesised that, for rodents, the increase in intensity of maternal care that follows handling of newborns is responsible for the physiological responses. Physical manipulations carried out on rodents are in most cases limited to a brief separation from the mother. This hypothesis was borne out by several recent studies which revealed that grooming behaviour reduces the release of CRF (corticotropin-releasing-factor) (Liu et al., 1997; Francis et al., 1999; Francis and Meaney, 1999; Liu et al., 2000); moreover, by hampering the increase of ACTH and CRH-mRNA (Van Oers et al., 1998; Van Oers et al., 1999), it controls the expression of behavioural, endocrine and autonomic responses to stress, activating the cerebral noradrenergic system. 

In larger animal species, perinatal handling usually comprises tactile stimulation. In the domestic pig, results similar to those obtained in the rat were found (increased exploratory activity, the same influence on the hypothalamus-pituitary-adrenal axis) (Weaver et al., 2000); the same phenomena were also observed in the rabbit (Denenberg et al., 1973; Denenberg et al., 1977) and the cat (Wilson et al., 1965; Karsh, 1983; Karsh, 1984). 

It was also discovered that adverse neonatal experiences can cause negative consequences; for example, in newborn humans long separations from the mother and long periods of isolation determine increased cellular apoptosis in many areas of the brain and repeated exposure to pain damages the developing neurons, inducing increased anxiety, altered sensitivity to pain, stress disorders, attention deficit and hyperactivity (Anand and Scalzo, 2000). 

In dogs, similar studies on neonates and infants have been conducted since the 1960s, but the literature is still scanty. Fox and Stelzner (1966) subjected  puppies to intense daily sessions of sensory stimulation, from their 1st day of life until their 5th week of age, obtaining remarkable differences compared to control animals, both in responses to certain behavioural tests and in various physiological manifestations. 

The aim of our research was to assess the effect of perinatal gentling and early environment on the emotional stability of puppies. 

Materials and methods
Forty-three dogs (16 females and 27 males) from seven different litters were used. Four of these (in total 10 Collies, 7 Border Collies and 6 German Shepherds) were raised in a professional breeding kennel. The remaining litters lived with their owners and consisted of half-breeds (11), Italian Spinoni (6) and Welsh Corgis (3). 

Puppies living in the kennels were reared until 8 weeks of age in two different buildings, following the same procedures for management of the litters. In both cases puppies stayed with the mother within a whelping kennel that was visually isolated from other animals. Social contact, especially with human beings, was rare and limited to daily cleaning. 

Puppies from private houses lived with the mother in a family atmosphere, in a utility room of the house equipped with a parturition cage, in order to allow the animals to be exposed to all the stimuli of a domestic environment, including the possibility of being freely stroked and handled by people. 

From 6 weeks of age, all subjects underwent a process of gradually decreased contact with the mother, in order to facilitate separation at the moment of adoption. At the same time, the number of meetings with other dogs and new people (different from those encountered during the previous period) was increased.  

Each litter was divided into a group of handled puppies and a control group (non-handled puppies), homogeneously distributed for sex where possible. One trained person, not involved in the breeding of any litter, provided handling for all the puppies of the experimental group. Gentling was carried out daily, at 17:00, from the 3rd day of life until the 21st, approximately corresponding to the end of the transitional period (Horwitz et al., 2004). 

The puppies remained in the environment where they were raised. In order to guarantee the animal’s emotional homeostasis, during gentling the subjects were kept in visual, acoustic and olfactory contact with the mother and other littermates (maintenance set of stimuli), thus limiting the risk of stress responses due to the context. Gentling consisted of a daily 5-minute session of very gentle tactile stimulation involving the animal’s entire body, held alternately in the prone and the supine position. 

Every puppy to be handled was taken from the nest and placed on a towel on the lap of the handler, who sat near the bitch. It underwent a massage of the entire body, beginning at the head with palpations of the ears, muzzle and mouth, including the gums, then the neck, trunk and limbs including toes, to the tip of the tail. The puppy was then gently turned on its back and massaged on the abdominal area and again on the above-mentioned body parts.

The treatment was stopped after 19 days (Day 21), at the end of the transitional period when puppies acquire all the sensory capacities. The animals continued living in their usual environment until the performance of the behavioural tests. 

The tests were conducted once per puppy, at 8 weeks of age, in rooms where puppies had never been, but in the same building. The tests were designed to evaluate some parameters considered as indices of the animal’s emotional state such as:

· emission of sounds (Scott e Fuller, 1950; Fuller, 1955; Marr, 1960): measurement of the time spent in vocalization can be used to assess a state of stress in the dog such as that induced by separation from the mother or the litter, or by removal from a familiar environment (Elliot and  Scott, 1961; Ross et al., 1959);

· exploratory activity (LeDoux, 1986), which diminishes when anxiety increases (Merlo-Pich e Samanin, 1989);

·  heart rate (Murphee et al., 1967; Fox, 1978; Beerda et al., 1997; Palestrini et al., 2005), whose increase is an index of the activation of the neurovegetative orthosympathetic system.

 Between 15:00 to 18:00 PM each puppy underwent an isolation test followed by an arena test (Wilsson and Sundgren, 1998).

The isolation test, performed to assess the emotional responsiveness of puppies in a novel and lonely situation, consisted of placing the animal in a small unfamiliar well-lit environment (1m x 1m), where it remained isolated for 3 minutes. Parameters measured were: heart rate before and after isolation, using a stethoscope; latency to the first yelp; time spent in vocalization; duration of locomotor (exploratory) behaviour.

The arena test aimed to evaluate the reactions of puppies in a novel environment in the presence of an unknown passive human being. Subjects were individually placed in an unknown room in an arena (3.6 x 3.6 m, divided in to 36 60-cm squares with a central circle 2 m in diameter) (Wilsson and Sundgren, 1998). A person sat on a stool within the circle in a neutral pose, without eye contact, in order to avoid interfering with the puppy’s behaviour. In the arena, four different objects were left for the animal to explore. They were: a ball, a kong, a plaited rope dog toy and a little plastic disk. 
The test order of puppies from each litter was random. Each puppy was placed in the same square located in an angle of the arena and observed for a 5-min period. Urine and faeces produced during the test were removed with water before testing the next puppy. 
Parameters measured were: time spent in the first square; number of entrances into the central circle; time spent in the central circle; number of squares crossed; number of objects investigated and time dedicated to exploring the objects.

The number of squares crossed was the sum of the individual squares in which the animal entered with all four legs; the same method was used to measure the number of entrances and duration of stay within the central circle.

Both isolation and arena tests were recorded with a digital video camera, placed in a position not visible to the puppy and recording began before the test thus eliminating the need for the presence of other people. Data was collected from the video.
Data was examined for normality and homogeneity of variance. Though high variability between individuals within litters were found for all measures, no differences were found between litters, thus individual puppies were considered as independent subjects. Statistical analysis for behavioural and physiological parameters was carried out using the Newmann-Keuls’ test for multiple comparisons, with significance level at (p<0.05). 
Results
Table 1 and 2 report the mean values (( standard error, SE) relative to the tests. Subjects are divided in four groups: non-handled puppies raised in a family home (NHF); handled puppies raised in a family home (HF); non-handled puppies raised in a breeding kennel (NHB); handled puppies raised in a breeding kennel (HB).

Isolation test
Analysing data using the Newman-Keuls’ test, several statistically significant differences were found. They were:

a) Latency period at time of the first yelp in the isolation test, was significantly (p<0.05) longer in the HB group compared to NHB, NHF  and HF; and longer in the NHB compared to NHF and HF. There was no difference between the groups raised in the family home (HF and NHF).
b) Duration of vocalizations during isolation were significantly (p<0.05) shorter in the HB group compared to NHF and HF. Vocalization duration was also significantly shorter (p<0.05) for the puppies of the NHB group compared to both handled and non-handled puppies raised in a family home. However, no differences between handled and non-handled animals raised in the same environment were observed.

c) Duration of locomotory activity during isolation was significantly greater (p<0.005) in handled animals compared to the corresponding non-handled puppies. No difference was observed between the two groups of handled animals and between the two groups of non-handled subjects.

There were no significant differences found between groups with respect to heart rate (Table 2).
Arena test

No statistical differences were found in any of the measures taken from the arena test. Mean values and standard errors are shown in Table 1.

Discussion
Since the identification of sensitive periods in dogs (Scott and Fuller, 1965), there has been great interest in the influence of early experience on the nervous system and adult behaviour (Zimen, 1987; Serpell and Jagoe, 1995).

The puppy is born in a state of extreme neuronal immaturity, but the nervous system is rapidly developing via an intense synaptogenesis, in which external stimulation plays a primary role. Exposure to a range of neutral or appetitive stimuli allows the puppy to create activated synapses, determining their selective stabilization and the consequent individualization of the nervous system (Overall, 1997), and to associate certain stimuli with a condition of calm and relaxation (Pluijmakers et al., 2003). 

Early handling was found to have a remarkable impact on the developing nervous system, contributing to the modelling of individual differences in physiological and behavioural responses to environmental challenges (Cirulli et al., 2003). Fox and Stelzner (1966) showed that 1 hour of intense daily stimulation (optical, thermal, tactile, acoustic and labyrinthine) substantially alters the behaviour of 5-week-old puppies: handled puppies were very active, explorative, sociable towards people and confident during play with other puppies. Moreover, they showed a greater emotional stability in the behavioural tests they underwent, as well as better problem-solving ability.

The results of our research support the existence of a positive effect of early handling on emotional stability of puppies, but additionally it suggests that this effect is influenced by the environment. Interestingly, puppies raised in a professional breeding kennel spent less time in vocalizations and had a longer latency to the first yelp. This suggests that these puppies were better able to reach an emotional balance when subjected to the isolation test, even though they had had less overall exposure to handling and a range of stimuli than puppies reared in a family home. It can be hypothesised that isolation is less stressful for puppies coming from breeding kennels than for those raised in home environments per se; this may reflect that isolation, and its concurrent low level of stimulation, is more similar to the normal living conditions of the kennel bred dogs.

However, there was a statistically significant difference between handled and non-handled subjects from breeding kennels, with handled puppies showing lower levels of reactivity. Thus, we can exclude the hypothesis that the greater emotional stability seen when in isolation is due exclusively to being raised in kennels. In other words, the effects of gentling adds to that of the environment, leading to individuals who are remarkably more calm when placed in isolation.

The data of puppies raised in family homes suggests they have an emotional state more easily altered by isolation. If the family environment provides for a variety of stimuli and conditions superior to that of kennels, probably the condition of isolation is not included. Thus, the absence of familiar environmental references could generate more stress in these puppies. However, this inferior ability to adapt does not necessarily lead to the conclusion that, in the future, these more stimulated puppies will tend to develop symptoms of stress related to isolation, because the ability to adapt to loneliness in different situations in an adult pet depends on many things. Likewise, whilst puppies raised in a breeding kennel may adapt better to social isolation in a monotonous environment, the same puppies could have problems adapting to isolation in an environment rich in stimuli: for example, they might be more afraid of sudden noises compared to subjects who, since puppyhood, have been accustomed to living in contexts rich in environmental and social stimuli.

It is also important to note that previous studies on perinatal handling were carried out on laboratory animals; for them, the only source of physical contact consisted of handling. This could explain why, in earlier studies, the effect of tactile stimulation was apparently clear and discrete. In the present study, however, puppies in the home environment lived in conditions of varied stimulation and levels of handling which were certainly not limited to those experienced during the experimental protocol. This suggests that this kind of ‘gentling protocol’ of stimulation may not be equally significant for subjects that are also exposed to a continuously variable set of  environmental stimuli compared to animals kept in a more monotonous environment. Therefore, gentling could prove to be more useful when young animals live in conditions of little physical contact with human beings or other animals. Several studies, in fact, have showed that animals left undisturbed during early development were found to be more emotionally reactive (Denenberg, 1964; Levine et al., 1967) and with lower performances in respect of problem solving capacities as adults (Fox and Stelzner, 1966; Morton, 1968). 
All things considered, gentling could be particularly advisable for litters comprising a single puppy, and for litters whose bitches show behavioural disorders related to maternal care (in particular a lack or a low amount of maternal care) or for orphan puppies, in addition to puppies reared in professional breeding kennels.

With respect to exploratory behaviour, the influence of perinatal gentling independent from the environment was observed. Indeed, this effect on behaviour was also evident in puppies raised in family homes. This correlation has previously been seen in numerous other species (Levine, 1957; Denenberg et al., 1973; Weaver et al., 2000) and seems to confirm the emotional stability that tactile stimulation produces on animals, since exploration represents a positive response to stress. 
It would be reasonable to predict that such effects of early gentling would positively influence later learning and training. However, in an applied context such as the current study, this would require a substantially larger sample to account for various potential confounding factors such as training aims and methods, home environment and experiences outside of formal training. 

The arena test did not reveal significant differences. This could be for a variety of reasons. The puppies were exploratory and investigated the objects in the arena and approached the passive human, suggesting that there was not an effect of fear/ withdrawal as may be suggested by the age at testing (Scott and Fuller, 1965). It may be that a passive, non-interactive, unknown human, as perceived from the height of an 8-week old puppy, whilst not fear-provoking, is simply not an attractive nor motivating stimulus to either set of puppies. 
It is difficult to predict, without undertaking longitudinal studies, whether stimulations received from the environment and the frequency of early gentling could affect the characteristics of an attachment bond in the adult dog to the owner and therefore the onset of separation-related problems. The dog-owner attachment bond is the result of thousands of years of domestication and it assumes characteristics equivalent to those in the infant-parent bond of other species, including human beings. With regard to the peculiarity of the dog-human relationship, some studies have demonstrated that the attachment bond of the dog to the owner is typical of the canine species and seems to develop in socially deprived adult dogs after a brief period of handling and contact by a stranger (Gàcsi et al. 2001), while puppies of wolves that were hand-reared in close contact with people do not show attachment (Topal et. al, 2005). The fact that the dog uses the owner as a secure base means that such proximity increases the animal’s confidence, while distance/isolation can generate stress. 

It is probable that, at a such an early age and in a condition in which all puppies live with the mother and littermates, it is impossible to determine if the contexts of growth directly influence the type of attachment bond later formed to the owner (and therefore on eventual problems deriving from an hyper-attachment). Certainly this bond has a substantial role in the development of the general ability of an adult dog to adapt to different contexts, which can include the presence or absence of different human figures. 
Heart rate was the only physiological parameter assessed, so as to exclude parameters that require taking blood samples or other invasive manipulations that could markedly influence puppies’ behaviour and well-being. The heart rate is nevertheless a good index of stress in dogs as it readily responds to an increase in arousal (Beerda et al., 1998), through an increase of the sympathetic activation in relevant situations, such as introduction into an unknown place (Pagani et al., 1991). In this study, the assessment of the heart rate after the isolation test did not provide statistically significant results that indicate a difference between the 4 groups. This lack of differences could be due to the high individual variability found, which is probably increased by handling at the moment of using the stethoscope. More accurate monitoring is therefore needed in any future study.

Whilst the project design had been intended to match litters for breed, this did not prove possible, it is intended that future work will remedy this potential confounding variable. Thus, it cannot be excluded that the present results may be affected by some breed-related factors.  Genetics, in fact, could have a substantial mediating effect on the influence of neonatal handling. Some varieties of rats, for example, do not present differences based on early handling (Durand et al., 1998). It is possible that this occurs also in the domestic dog, wherein the positive effects of handling evident in a breed could have no or even a negative effect in another one (Anisman et al., 1998), as genetics could have a primary role in the ability to respond to stress. This hypothesis needs further testing, but it is supported in that variability exists in the response to specific stimuli both between different litters and within the same litter (Overall, 1997) and individual differences can further contribute to the variability in the response to stress, making its interpretation difficult (Beerda et al., 1997). 

Conclusions

Although data were obtained in experimental situations, the results can be tentatively extended to various situations, considering that the behaviour of 8-week-old puppies is still easily influenced and that some behavioural tendencies can disappear by adulthood.

Nevertheless, data attest to the positive effect of early gentling on the emotional stability of the puppy, while also reflecting the notable consequences of the infant environment experienced during the first 8 weeks.
Although handling had the greatest favourable effect on animals raised in professional breeding kennels, since they showed fewer signs of stress when kept in isolation, it is desirable that the puppy be exposed to numerous environmental stimuli. This enhances the establishment of the foundations of an adequate emotional balance which in turn helps inoculate against behavioural disorders whose etiology lies in ontogenetic development, such as fear and hyper-attachments as encountered in behavioural clinics. Of these stimuli, it may be advantageous to include specific types of handling, especially in situations where puppies are at risk of limited or poor tactile stimulation at an early age, such as litters of a single puppy, litters with bitches who show poor maternal cares or orphan puppies, or those born in kennel establishments.
 Bibliography
1. Anand, K.J., Scalzo, F.M., 2000. Can adverse neonatal experiences alter brain development and subsequent behavior? Biol. Neonate 77 (2), 69-82.

2. Anisman, H., Zaharia, M.D., Meaney, M.J., Merali, Z., 1998. Do early life events permanently alter behavioral and hormonal responses to stressors? Int. J. Dev. Neurosci. 16, 149-164.

3. Bateson, P., 1979. How do sensitive periods arise and what are they far?, Anim. Behav. 27, 470-486. 

4. Beerda, B., Schilder, M.B.H., van Hooff, J.A.R.A.M., de Vries, H.W., 1997. Manifestations of chronic and acute stress in dogs. Appl. Anim. Behav. Sci. 52, 307-319.

5. Beerda, B., Schilder, M.B.H., van Hooff, J.A.R.A.M., de Vries, H.W., Mol, J.A., 1998. Behavioural, saliva cortisol and heart rate responses to different types of stimuli in dogs. Appl. Anim. Behav. Sci. 58, 365-381.

6. Chapillon, P., Patin, V., Roy, V., Vincent, A., Caston, J., 2002. Effects of pre-  and postnatal stimulation on developmental, emotional and cognitive aspects in rodents: a review. Dev. Psychobiol. 41, 373-387.

7. Cirulli, F., Berry, A., Alleva, E., 2003. Early disruption of the mother-infant relationship: effects on brain plasticity and implications for psychopathology. Neurosci. Biobehav. Rev. 27, 73-82.

8. Denenberg, V.H., Wyly, M.V., Burns, J.K., Zarrow, M.X., 1973. Behavioral effects of handling rabbits in infancy. Physiol. Behav. 10 (6), 1001-1004.

9. Denenberg, V.H., 1964. Critical Periods, stimulus input, and emotional reactivity: A theory of infantile stimulation. Psychol. Rev. 71: 335-351.
10. Denenberg, V.H., Desantis, D., Waite, S., Thoman, E.B., 1977. The effects of handling in infancy on behavioral states in the rabbit. Physiol. Behav. 18 (4), 553-557.

11. Durand, M., Sarrieau, A., Aguerre, S., Mormède, P., Chaouloff, F., 1998. Differential effects of neonatal handling on anxiety, corticosterone response to stress, and hippocampal glucocorticoid and serotonin (5-HT)2A  receptors in Lewis rats. Psychoendocr. 23, 323-335.

12. Elliot, O., Scott, J.P., 1961. The development of emotional distress reactions to separation in puppies. J. Genet. Psychol. 99, 3-22.

13. Fernández-Teruel, A., Escorihuela, R.M., Driscoll, P., Tobena, A., Battig, K., 1991. Infantile (handling) stimulation and behaviour in young roman high- and low-avoidance rats. Physiol. Behav. 50, 563-565.

14. Fernández-Teruel, A., Escorihuela, R.M., Driscoll, P., Tobena, A., Battig, K., 1992. Differential effects of early stimulation and/or perinatal flumazenil treatment in young Roman low- and high-avoidance rats. Phychopharmacology 108, 170-176.

15. Fox, M.W., 1978. The dog: its domestication and behaviour. Garland STPM Press, New York and London.

16. Fox, M.W., Stelzner, D., 1966. Behavioural effects of differential early experience in the dog. Anim. Behav. 14, 273-281.

17. Francis, D.D., Meaney, M.J., 1999. Maternal care and the development of stress responses. Curr. Opin. Neurobiol. 9, 128-134.

18. Fuller, J.L., 1955. Hereditay differences in trainability of purebred dogs. J. Genet. Psychol. 87, 229-238.

19. Gàcsi, M., Topal, J., Miklòsi, A., Dòka, A., Csànyi, V., 2001. Attachment behaviour of adult dog (Canis familiaris) living at rescue centres: forming new bonds. J. Comp. Psychol. 115, 423-431.

20. Horwitz, D.F, Mills, D.S., Heath, S., 2004. Terapia comportamentale del cane e del gatto. UTET, Torino.
21. Karsh, E.B., 1983. The effects of early handling on the development of social bonds between cats and people. In: Beck, A.M. (Ed), New perspectives on our lives with companion animals, eds. Ratchet AH,. University of Pennsylvania Press, Philadelphia, 22-28.

22. Karsh, E.B., 1984. Factors influencing the socialization of cats to people. In: Hart, B.L., Hart, L.A. (Ed), The pet connection: its influence on our health and quality of life, Anderson RK, University of Minnesota Press, Minneapolis, 207-215.

23. LeDoux, J.E., 1986. The neurobiology of emotion. In: LeDoux, J.E., Hirst, W. (Ed), Mind and Brain-Dialogues in cognitive neuroscience, Cambridge University Press, London, 301-354.

24. Levine, S., 1957. Infantile experience and resistance to physiological stress. Science, 126, 405.

25. Levine, S., Haltmeyer, G.C., Karas G.C., and Denenberg V.H., 1967. Physiological and behavioural effects of infantile stimulation. Physiol. Behav. 2: 55-59. 

26. Levine, S., 1975. Psychosocial factors in growth and development. In: Levi, L. (Ed), Society, Stress and Disease, Oxford University Press, London.

27. Levine, S., Chevalier, J., Korchim, S.J., 1956. The effects of early and handling shock on later avoidance learning. J. Personality 24, 475-93. 

28. Levine, S., Haltmeyer, G.C., Karas, G.G., Denenberg, V.H., 1967. Physiological and behavioural effects of infantile stimulation. Physiol. Behav. 2, 55-59.

29. Liu, D., Diorio, J., Tannenbaum, B., Caldji, C., Francis, D., Freedman, A., Sharma, S., Pearson D., Polsky, P.M., Meaney, M.J., 1997. Maternal care, hippocampal glucocorticoid receptors, and hypothalamic-pituitary-adrenal response to stress. Science 277, 1659-1662.

30. Liu, D., Diorio, J., Day, J.C., Francis, D.D., Meaney, M.J., 2000. Maternal care, hippocampal synaptogenesis and cognitive development in rats. Nat. Neurosci. 3, 799-806.

31. Marr, J.N., 1960. The influence of soft body-contact on the development of canine affection. Paper read at Michigan Academy of science, arts  and letters.

32. Meerlo, P., Horvarth, K., Nagy, G., Bohus, B., Koolhaas, J.M., 1999. The influence of postnatal handling on adult neuroendocrine and behavioural stress reactivity. J. Neuroendocrinology 11, 925-933. 

33. Meier, G.W., 1961. Infantile handling and development in siamese kittens. J. Comp. Physiol. Psychol. 54 (3), 284-86.

34. Merlo-Pich, E., Samanin, R., 1989. A two-compartment exploratory model to study anxiolytic/anxiogenic effects of drugs in the rat: possible role of dopamine. Psychopharmacol. Res. 21, 595-602. 

35. Morton, J.R.C., 1968. Effects of early experience “handling and gentling” in laboratory animals. In M.W. Fox (Ed) Abnormal Behaviour in Animals. Philadelphia. WB Saunders.
36. Murphee, O.D., Peters, J.E., Dykman, R.A., 1967. Effect on person on nervous, stable and cross bred pointer dogs. Cond. Reflex 2 (4), 273-276.

37. Nunez, J.F., Ferre, P., Escorihuela, R.M., Tobena, A., Fernández-Teruel, A., 1997. Effects of postanatal handling of rats on emotional, HPA-axis and prolactin reactivity to novelty and conflict. Physiol. Behav. 60, 1355-359.

38. Oitzl, M.S., 2001. Animal models of (traumatic) early life events: vulnerability of the stress system and cognition in later life. In: Scheuder, B.J.N. (Ed), De neurobiologische en klinische aspecten van emotie en geheugen na psychotrauma, 17-32.

39. Overall, K., 1997. Clinical behavioral medicine for small animals. Mosby-Year Book, St. Louis.

40. Pagani, M., Rimoldi, O., Pizzinelli, P., Furlan, R., Crivellaro, W., Liberati, D., Cerutti, S., Malliani, A., 1991. Assessment of the neural control of the circulation during psychological stress. J. Autonom. Nerv. Syst. 35, 33-42.

41. Palestrini, C., Prato Previde, E., Spiezio, C., Verga, M., 2005. Heart rate and behavioural responses of dogs in the Ainsworth’s strange situation: a pilot study, Appl. Anim. Behav. Sci. 94, 75-88.

42. Plotsky, P.M., Meaney, M.J., 1993. Early postnatal experience alters hyphalamic corticotrophin-releasing factor (CRF) mRNA, median eminence CRF content and stress-induced release in adult rats. Mol. Brain Res. 18, 195-200.

43. Pluijmakers, J., Appleby, D.L., Bradshaw, J.W.S., 2003. Sensitive periods in the development of behavioural organization in the dog and the role of emotional homeostasis. Proceedings of the 4th International Veterinary Behavioural Meeting, n° 32 119-126.

44. Ross, S., Scott, J.P., Cherner, M., Denenberg, C.H., 1959. Effects of restraint and isolation on yelping in puppies. Anim. Behav. 8, 1-5.

45. Schore, A.N., 2002. Dysregulation of the right brain: a fundamental mechanism of traumatic attachment and the psychopathogenesis of posttraumatic stress disorder. Aust. New Zeal. Pychiatry  36, 9-30.

46. Scott, J.P., Fuller, J.L., 1950. Manual of dog testing techniques. Roscoe B. Jackson Memorial Laboratory, Bar Harbour Maine.

47. Scott, J.P., Fuller, J.L., 1965. Genetics and the social behaviour of the dog. University Chicago Press, Chicago.

48. Scott, J.P., Fuller, J.L., 1997. Genetics and the social behavior of the dog. The classic study. The University of Chicago Press, Chicago. 

49. Serpell, J., Jargoe, J.A., 1995. Early experience and the development of behaviour. In: Serpell, J. (Ed), The domestic dog, Cambridge University Press, Cambridge, 79-102.

50. Topal, J., Gàcsi, M., Miklòsi, A., Virànyi, Z., Kubinyi, E., Csànyi, V., 2005. Attachment to humans: a comparative study on hand-reared wolves and differently socialized dog puppies.  Anim. Behav.  70, 1367-1375.

51. Vallée, M., Mayo, W., Dellu, F., Le Moal, M., Simon, H., Maccari, S., 1997. Prenatal stress induces high anxiety and postnatal handling induce slow anxiety in adult offspring: correlation with stress-induced corticosterone secretion. J. Neurosci. 17, 2626-2636. 
52. van Oers, H.J.J, de Kloet, E.R., Whelan, T., Levine, S., 1998. Maternal deprivation effect on the infant’s neural stress markers is reversed by tactile stimulation and feeding but not by suppressing corticosterone. J. Neurosci. 18, 10171-10179.

53. van Oers, H.J.J., de Kloet, E.R., Levine, S., 1999. Persistent effects of maternal deprivation on HPA regulation can be reversed by feeding and stroking, but not by dexamehasone. J Neuroendocrinol. 11, 581-588.

54. Weaver, S.A., Aherne, F.X., Meaney, M.J., Schaefer, A.L., Dixon, W.T., 2000. J. Endocrinol. 164, 349-359.

55. Wilson, M., Warren, J.M., Abbott, L., 1965. Infantile stimulation, activity, and learning by cats. Child Dev. 36, 843-853.

56. Wilsson, E., Sundgren, P.E., 1998. Behaviour test for eight-week old puppies: heritability of tested behaviour traits and its correspondence to later behaviour. Appl. Anim. Behav. Sci. 58, 151-162.

57. Zimen, E., 1987. Ontogeny of approach and flight behaviour towards humans in wolves, poodles and wolf-poodle hybrids. In: Frank, H. (Ed), Man and Wolf, W. Junk Publishers Dordrecht, 275-292.
PAGE  
1

