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The effect of premature maternal separation on distress
vocalizations and activity in kittens (Felis catus) during a brief
nest separation

Kira J. Lowell, Mikel M. Delgado, Sabrina L. Mederos, Melissa J. Bain
Department of Medicine and Epidemiology, School of Veterinary Medicine, University of California
at Davis, CA, 95616 USA

Abstract

It is unknown how premature maternal separation affects the responses of kittens to potentially
stressful events. In the United States, thousands of Kittens are orphaned each year due to death of
the queen, neglect, or accidental separation by humans. Neonatal mammals emit distress calls and
increase locomotion when socially isolated, suggesting that being separated from the nest is a
stressful event. Increased vocalization and activity of isolated neonates may aid maternal retrieval
or relocation of the nest. In the current study, we assessed the effects of early maternal separation
on later vocalizations and activity of 49 kittens (28 orphaned, 21 mother-reared; 23 female, 26
male) from 11 litters (5 mothered, 6 orphaned) during an open field test when the kittens were one
and three weeks of age. We conducted a total of 79 trials.

Each kitten was placed individually in a 1-meter diameter pen away from the rest of the litter
and/or mother for two minutes. The number of calls emitted and total activity (in seconds) were
recorded for each kitten on every trial. We assessed the effects of age, sex, orphan status, and
interactions between orphan status with sex and age on activity and vocalizations. Orphaned
kittens were more active than mother-reared kittens at both times (446) = 4.62, p < 0.001), with an
interaction between age and orphan status (428) = —2.84, p=0.008). Orphaned kittens emitted
more vocalizations at both times (2= 2.38, p= 0.018), with an interaction between age and orphan
status (Z=-3.18, p=0.001).

Orphaned kittens showed increased activity and vocalizations in response to a brief nest separation
compared to mother-reared kittens. This effect was still present after over two weeks of maternal
separation, suggesting that maternal separation may lead to long-term changes in stress responses.
Future research should explore if such effects of maternal separation are present in older kittens or
adult cats.
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1 Shields Ave, 2108 Tupper Hall, Davis CA 95616-5270, 510-229-7615.
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Introduction

Neonatal mammals and some birds emit distress calls and increase locomotor activity almost
immediately when isolated or separated from their nest (Lingle et al., 2012; Hudson et al.,
2017). There are close neural connections within the brain between the vocal centers and the
amygdala, which is highly related to the processing of emotions and resulting behavior
(Rasia-Filho et al., 2000). Thus, vocalizations are believed to be closely related to an
individual’s emotional state, especially for negative states such as alarm, fear, or pain
(Jurgens, 2009; Briefer, 2012). These distress calls share structural similarities across
species and are likely highly conserved because they serve a protective function for neonates
(Lingle et al., 2012). Such calls are usually emitted repeatedly until the neonate is retrieved
by its mother (Christensson et al., 1995; Haskins, 1977). The repeated, high-pitched
vocalizations of young animals frequently result in parental search and retrieval (Lingle et
al., 2012).

Isolation may lead to other behavioral changes in neonatal animals. Many neonates will
orient toward their nest if removed, and increased locomotion is thought to enhance the
probability that the young will relocate their nest (Freeman and Rosenblatt, 1978). However,
the interpretation of activity in relation to emotional state is not always clear; decreased
locomotion has been attributed to increased fear or anxiety in many open field tests (Russell,
1973), but chronic, mild stress was related to increased activity in rats in an open arena
(Granli et al., 2005).

A previous study found consistent individual differences across three weekly test sessions of
33 neonatal mother-reared kittens, in terms of both the number of vocalizations they emitted
and duration of activity exhibited during a three-minute nest separation (Hudson et al., 2015;
Hudson et al., 2017). Kittens were placed in a 1-meter diameter arena in a separate area from
their mother and littermates. Vocalizations and activity, defined as displacement of the body
by moving all four paws, were recorded. Vocalizations were consistent across test sessions,
such that kittens who exhibited a comparatively high number of vocalizations in the first
session also did so in subsequent test sessions (7= 0.49). There was a correlation of duration
of activity between sessions, but the effect was not as robust (= 0.17; Hudson et al., 2015).
In the current study, we further explored vocalizations and activity in neonatal kittens during
a nest separation by adding a comparison group: orphaned Kittens.

In the United States, thousands of kittens are orphaned each year due to death of the queen,
neglect, or accidental separation by humans. Kittens are altricial at birth, so maternal
separation early in life is a threat to survival. Orphaned neonatal Kittens are one of the most
vulnerable populations in animal shelters, and euthanasia is common due to shelters’ limited
resources and time to care for them (Kerr et al., 2018; Manning, 2014). Many rescue
organizations are attempting to improve the standards of care by placing kittens in foster
homes where they can be reared by humans. However, it is not fully understood to what
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extent early maternal separation affects the behavior of orphaned kittens, including their
responses to potentially stressful events.

Premature maternal separation occurs during the sensitive period of socialization for
domestic cats, which is considered between two and seven weeks of age (Karsh & Turner,
1988). Handling by humans during the sensitive period, respective of maternal presence,
improves later cat-human relationships (Bradshaw et al., 2012). Kittens normally spend
significant amounts of time in physical contact with their mother and nursing in the first
several weeks of their lives (Rheingold and Eckerman, 1971; Beaver, 2003). Maternal
contact during this period is considered critical for the physical and behavioral well-being of
kittens (Bradshaw et al., 2012). Contact with the mother decreases when kittens start
weaning at approximately a month old but may continue into adulthood, especially in
matrilineal colonies.

The goal of this study was to determine if the responses of orphaned kittens during a brief
nest separation were different from those of mother-reared kittens. To test their responses,
we used an established open field behavioral test at their first and third week of life. We
separated kittens from their nest for two minutes and recorded the number of vocalizations
and duration of activity during the separation.

There have been few studies of the effects of being orphaned on the stress responses of
neonatal animals. Previous studies have focused on the effects of short-term isolation from
the mother (e.g., 3 hours). It has been established that short-term maternal separation quickly
results in increased distress calls by the young of various mammalian species (Hudson et al.,
2015). For example, observational studies of orphaned chimps suggest they display more
anxious behavior compared to mother-reared counterparts (Botero et al., 2013). The
continual absence of the mother may lead to heightened stress responses, and this effect may
be more pronounced when the separation is relatively recent. Therefore, we hypothesized
that orphaned kittens would emit more vocalizations and be more active than mother-reared
kittens during the test at 1-week of age.

Longer-term separation from the mother, particularly in domesticated animals who are
consequently cared for by humans, may have a different effect on stress responses. For
example, foals that were orphaned at birth and subsequently reared by humans were less
stressed than mothered foals when tested in a novel environment when at least two months
of age (Houpt and Hintz, 1983). Because orphaned kittens receive routine human handling
during their basic care (e.g., feeding and stimulation to eliminate), we hypothesized that
during the third week of life, like the foals, orphaned kittens would be less stressed, emitting
fewer vocalizations and displaying less activity than mother-reared kittens.

All animal procedures were approved by the Animal Care and Use Committee at the
University of California, Davis.
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Data were collected from May through August of 2019. We enrolled 50 kittens, and 49
kittens (28 orphaned, 21 mother-reared; 23 female, 26 male) from 11 litters (5 mothered, 6
orphaned) completed the study. Due to camera malfunction, no data were collected for one
subject. Kittens were owned by three local rescue groups focused on neonatal kitten care and
were cared for in the homes of human caretakers during the study. All orphaned kittens had
at least one littermate and had been surrendered to rescue groups having been separated from
their mothers. No kittens were deliberately orphaned for the purpose of this study. Mother-
reared kittens were housed with and nursed by their mothers, and all but one had at least one
littermate. Mothers were kept indoors (in a room) with their kittens and were not freely
roaming. Orphaned kittens were bottle-fed a commercial kitten formula and cared for
according to their respective rescue group protocols (kittens at this age should be fed every
2-4 hours). Both orphaned and mother-reared kittens were minimally handled by humans.
At this age, kittens spend most of their time sleeping, so kittens are primarily handled for
feeding, cleaning, weighing, or medical purposes.

Kittens were tested at approximately one and three weeks of age in their respective foster
homes. For kittens who did not have a known date of birth, age was estimated by an
experienced veterinary technician or rescue staff to the nearest approximated day upon
intake based on a combination of teeth present, weight, degree of eye opening, and ear
positioning (Little, 2011). Thirty of the kittens (10 orphaned, 20 mother-reared) were tested
at both time points, with 2 additional orphans tested only at week 1, and 16 additional
orphans tested only at week three. One mother-reared kitten was only tested at week 3. This
resulted in a total of 79 trials (Table 1). For kittens tested at both time points, the testing
sessions were conducted exactly two weeks apart. Attempts were made to keep time of day
consistent between the two sessions to account for circadian rhythms and its potential effect
on behavior.

Each kitten was identified and given a designated number with minimal handling prior to
testing. Some kittens were identified based on coat color, while others had colored safety
collars on to assist in identification. One litter had identical coat colors with no collars, so a
single uniquely-colored mark via non-toxic permanent marker (Sharpie®) was placed on the
tip of their ear to aid in future identification. A random number generator (google.com) was
used to randomize the order that kittens within a group would be tested for each session.
Kittens’ age, sex, and weight were recorded at each session. These were recorded after the
session to minimize handling and separation of the kitten prior to the test. Immediately after
recording these parameters, Kittens were returned to their nest.

For each trial, each kitten was removed from their nest (mother and/or littermates) and
placed individually in a 1-meter diameter pop-up nylon and mesh pen (Parkland Pet) in a
separate room away from the rest of their litter for two minutes. Tests were conducted in
foster homes, so there was variation in the distance between the testing arena and the nest.
However, all trials were in a separate room as far away from the nest as possible, in a space
free of other animals.
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All kittens were unfamiliar with the researcher handling them for the testing sessions. All
sessions were filmed for later coding, and two cameras (Kicktech Camcorder, Samsung Gear
360) mounted on tripods (Amazon Basics) were used to ensure all angles of the test arena
were recorded at all times. Three pet training pads (Amazon Basics) were arranged to cover
the floor of the test arena (see Figure 1). The pads were replaced between each individual
kitten of a litter to remove any odor cues, and the test arena was fully disinfected with
Rescue™ (Virox Animal Health, Ontario, Canada) between litters of kittens. Each kitten
was handled with a clean pair of latex gloves (Curad).

The number of calls emitted and total activity (in seconds) were recorded for each kitten and
every trial. A stopwatch (Adanac 3000, Marathon Watch, Ontario, Canada) was started as
soon as the kitten was placed in the center of the test arena and the trial was ended after two
minutes. See supplementary video (S1) for examples from trials with both orphaned and
mother-reared Kittens.

Video coding

All videos were coding using BORIS (Behavioral Observation Research Interactive
Software; Friard and Gamba, 2016). Two behaviors were coded: each occurrence of a
vocalization, and any time the kitten was active. The first three authors separately coded the
same three videos to assess inter-rater reliability. Inter-rater reliability for vocalizations was
substantial, average Cohen’s kappa = 0.79 (range 0.61 — 0.91).

Because initial agreement between the three raters for activity was not consistently
substantial or better (Cohen’s kappa > 0.61), we further discussed kitten behaviors while
watching multiple videos together. We then operationalized activity as any time the kitten
spent engaged in these three behaviors: swaying/movement of the head only; displacement
of the paws/body; and curling movement of the body, which entailed bringing the head
closer to the posterior side of the body (separate from head swaying). Two of the authors
(KL and SM) then coded six additional videos, at which point Cohen’s kappa averaged >
0.61. The first author then coded all videos twice, and intra-rater reliability was substantial
(average Cohen’s kappa = 0.70, range 0.54 — 0.88).

Statistical Analyses

Analyses were conducted using R 3.6.1 (R Foundation for Statistical Computing, Vienna,
Austria) using the packages Ime4 (Bates et al., 2014), nime (Pinheiro et al., 2019), lattice
(Sarkar et al., 2020), and ggplot2 (Wickham, 2016). Generalized linear mixed models
(GLMM) were used to assess the effects of age, sex, and orphan status on activity and
vocalizations, using data from all 79 trials. We also included interactions between orphan
status with sex and age in both models. Kitten and litter ID were included as nominal
random effects in all analyses, with kitten nested within litter ID, to control for repeated
measures and any influence of being from the same litter. Both outcome variables were
normally distributed (Shapiro-Wilk test, p> .05), although because vocalizations were
integer-valued counts, we used a GLMM with a Poisson distribution for that analysis. Both
models met the assumptions of normality (g-q plot) and homogeneity (Levene’s test, p >
0.05) of the residuals. We used a Spearman’s correlation test to assess the stability of
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vocalizations and activity across the two tests in the 30 kittens (10 orphans, 10 mother-
reared) for whom we had repeated data; and to assess whether there was a relationship
between vocalization and activity.

The means and confidence intervals for the means for active time and number of
vocalizations for all comparisons are in Table 1. Orphaned and older kittens were more
active, with an interaction between orphan status and age. Orphaned kittens showed a
decrease in activity between weeks one and three, whereas mother-reared Kittens showed an
increase in activity between weeks one and three. There was no effect of sex, and no
interaction between orphan status and sex.

Orphaned kittens emitted more vocalizations at both time points, and there was an
interaction effect such that orphaned Kittens emitted fewer vocalizations at three weeks of
age compared to one week of age, but there was no change in mother-reared kittens. Table 2
details the results of the GLMMs. For kittens with repeated measurements, there was no
correlation between vocalizations at weeks one and three (r=-0.05, p=0.79), even when
looking at mother-reared kittens (r= —0.01, o = 0.96) and orphaned kittens (r=-0.11, p=
0.75) separately. The activity measures from weeks 1 and 3 were correlated (r=0.50, p=
0.005). There was no correlation between vocalization and activity (/(79) = -0.12, p=0.29).

Discussion

In this study we found notable differences between the behaviors of orphaned and mother-
reared kittens during a brief nest separation. Our first hypothesis was confirmed: orphaned
kittens were more vocal and active during the open field test when they were approximately
one week of age. Our second hypothesis was not supported, as we predicted fewer
vocalizations and less activity among orphaned kittens compared to mother-reared kittens at
three weeks of age. Orphaned Kittens reduced their activity and vocalizations in week three
compared to week one, whereas mother-reared kittens did not. However, orphaned kittens
were still more vocal and active at both time periods in comparison to mother-reared Kittens.
The interaction effects we found support that the effects of orphan status on behaviors were
moderated by age.

Because young animals often emit separation distress calls when isolated (Lingle et al.,
2012), we interpret our findings to suggest that orphaned kittens experience more distress
than mother-reared kittens when separated from their nest at both time points. The
interpretation of increased activity by orphaned kittens is less clear. For our hypothesis, we
expected Kittens would be more active to increase their chances of relocating the nest, but
locomotion is a rather complex behavior compared to vocalization. Some animals remain
immobile when frightened, whereas others may increase activity (Hudson et al., 2017).
Increased locomotion may also indicate an animal is more comfortable and willing to
explore.

In a study of stress responses in infant rats, those who had been maternally-deprived but
received human handling demonstrated greater exploration (Caldji et al., 2000). Although all
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Kittens in this study received human handling, orphaned kittens at this age are routinely
handled briefly for feeding and to stimulate elimination six to 12 times per day, which is
likely more human handling than most mother-reared kittens receive. This additional human
handling could have increased orphans’ exploratory behavior.

Locomaotion requires complex coordination of multiple neuromuscular systems and develops
more slowly in altricial animals (Hudson et al., 2017). Thus, an increase in activity as an
animal ages would also be expected, as newborn kittens have much less motor coordination
than three-week old kittens.

The differences in activity between orphaned and mother-reared kittens we observed in the
first week is much more likely nest orientation than exploration, as kittens are both blind and
deaf at that age, and highly reliant on tactile and olfactory cues to locate their mother
(Larson and Stein, 1984). Thus, our results may indicate that orphaned kittens may be more
motivated to relocate their nest than mother-reared kittens at one week of age. A previous
study found that activity levels in mother-reared kittens increased in the second week of life
when auditory and visual development is rapid, but then activity was stable until after the
third week of life (Levine et al., 1980). At three weeks, kittens begin to play and show
increased interest in littermates (Mendoza and Ramirez, 1987), suggesting alternative
functions for locomotor activity at that age. Nest relocation would still be among the
possible functions that could explain the increased activity in 3-week old orphaned Kittens in
the current study.

The effects of maternal deprivation on the later stress responses of animals have been
frequently studied and well-documented (e.g., Francis and Meaney, 1999; Lueken and
Lemery, 2004). These studies are frequently of rats or non-human primates and rarely
include the effects of being orphaned and human-reared. Previous studies of animals who
are human-reared or otherwise handled by humans early in life suggest that they may be less
prone to stress when otherwise isolated. Under observation on pasture, there were no
behavioral differences between mothered foals and those who were orphaned and hand-
reared by humans. However, when isolated in a novel environment, mothered foals were
more vocal and active than orphaned foals, which was interpreted as a sign of increased
stress in the mothered foals (Houpt and Hintz, 1983). Rats who received daily human
handling in addition to routine maternal care showed decreased fear and were more likely to
eat and explore in a novel environment when compared to maternally-deprived and non-
handled rats (Caldji et al., 2000).

In our study, orphaned kittens showed what appeared to be greater signs of stress during
isolation than mother-reared kittens. The differences in results between horses and cats could
be due to foals being precocial, whereas cats are altricial. Like cats, rats are altricial, but
none of the rats in the aforementioned study were truly orphaned, and deprived rats only
experienced maternal separation periods of 180 minutes/day (Caldji et al., 2000). The effects
of being orphaned may be quite different from the effects of brief periods of maternal
separation, as it is estimated that kittens spend at least 70% of their time in direct contact
with their mothers for their first few weeks of life (Rheingold and Eckerman, 1971; Beaver,
2003). Although orphaned kittens are handled by humans for feeding and to stimulate
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elimination, this handling likely cannot compensate for the lack of natural maternal care.
However, maternal separation may not be the only variable leading to the group differences
we found; orphaned kittens received more human handling, and may have also experienced
less food competition, as mother-reared Kittens develop nipple preferences and compete for
access to their preferred nipple (Hudson et al., 2009). Bottle-feeding generally allows kittens
to consume as much formula as they desire, without competition from siblings or
disengagement by the mother.

Looking at individual consistencies in kittens for whom we had repeated measures, some
results differed from a previous study where both vocalizations and activity in isolated
kittens were consistent across testing sessions (Hudson et al., 2017). Like that study, we
found a correlation between duration of activity in weeks 1 and 3 but we did not find a
relationship between the number of vocalizations made in weeks 1 and 3. There are a few
possible reasons for this disparity; because stable individual differences were apparent
within the first 30 seconds of trials and were consistent across three-minute trials, we opted
to shorten our testing trials to two minutes instead of three to reduce any potential distress to
the kittens in our study. The previous study only tested mother-reared kittens, and we may
have added variability to the data by including orphaned kittens. Because we utilized
fostered animals for our subject pool, were uncontrolled factors that could have impacted the
results, such as amount of human handling and actual time spent in contact with the mother.

Like Hudson et al. (2015) reported in both kittens and mice, we found no correlation
between vocalizations and activity in Kittens at either 1 or 3 weeks of age. This result
provides further support for the possibility that the two behaviors have different underlying
motivations or mechanisms; search or distress would not necessarily be mutually exclusive.
It is also possible that either behavior indicates multiple motivations (e.g., both search and
distress).

Our results suggest that the potentially negative effects of early maternal separation, in the
form of increased distress vocalizations and possible search behavior or attempts to be
reunited with the nest, continue even a few weeks after the initial separation from the
mother. Future studies should determine if such differences in behavioral responses are
observed in older orphaned and mother-reared kittens and cats, when kittens are typically
independent of parental care. Other physiological and behavioral measures of stress and
welfare should be incorporated to determine the effects of premature maternal separation in
domestic cats (e.g., Delgado et al., 2020).

Conclusions

To sum, we found that orphaned kittens vocalized more and showed increased activity
compared to mother-reared kittens during a brief nest separation at two timepoints: one and
three weeks of age. Based on the understanding that these behaviors may indicate distress
and search behavior, it is likely that being orphaned may increase stress responses in
neonatal Kittens. Further research should investigate the long-term behavioral responses of
the domestic cat to premature maternal separation.

Appl Anim Behav Sci. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lowell et al. Page 9

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to thank the rescue organizations and foster caretakers who participated in this study. We would also
like to thank the two anonymous reviewers whose feedback improved this manuscript. KIL was supported by the
STAR Program, University of California-Davis School of Veterinary Medicine. MD was supported by funding from
Maddie’s Fund. The project described was supported by the National Center for Advancing Translational Sciences,
National Institutes of Health, through grant number UL1 TR001860 and linked award TL1 TR001861 to MD. The
content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.
The funding sources had no role in study design or in the collection, analysis, or interpretation of data.

References

Bates D, Machler M, Bolker B, Walker S, 2014 Fitting linear mixed-effects models using Ime4. arXiv
preprint arXiv:1406.5823.

Beaver BV, 2003 Feline Behavior. Elsevier Health Sciences.

Botero M, MacDonald SE, Miller RS, 2013 Anxiety-related behavior of orphan chimpanzees (Pan
troglodytes schweinfurthii) at Gombe National Park, Tanzania. Primates 54, 21-26. [PubMed:
22976111]

Bradshaw JW, 2012 The behaviour of the domestic cat. Cabi.

Briefer EF, 2012 Vocal expression of emotions in mammals: Mechanisms of production and evidence.
Journal of Zoology 288, 1-20.

Caldji C, Francis D, Sharma S, Plotsky PM, Meaney MJ, 2000 The effects of early rearing
environment on the development of GABAA and central benzodiazepine receptor levels and
novelty-induced fearfulness in the rat. Neuropsychopharmacology 22, 219-229. [PubMed:
10693149]

Christensson K, Cabrera T, Christensson E, Uvnas—Moberg K, Winberg J, 1995 Separation distress
call in the human neonate in the absence of maternal body contact. Acta Paediatrica 84, 468—473.
[PubMed: 7633137]

Delgado MM, Walcher I, Buffington CAT, 2020 A survey-based assessment of risk factors for cross-
sucking behaviors in neonatal kittens, Felis catus. (under revision).

Francis DD, Meaney MJ, 1999 Maternal care and the development of stress responses. Current
Opinion in Neurobiology 9, 128-134. [PubMed: 10072372]

Freeman NCG, Rosenblatt JS, 1978 The interrelationship between thermal and olfactory stimulation in
the development of home orientation in newborn kittens. Developmental Psychobiology 11, 437—
457. [PubMed: 689294]

Friard O, Gamba M, 2016 BORIS: a free, versatile open-source event-logging software for video/audio
coding and live observations. Methods in Ecology and Evolution 7, 1325-1330.

Granli J, Murison R, Fiske E, Bjorvatn B, Sgrensen E, Portas CM, Ursin R, 2005 Effects of chronic
mild stress on sexual behavior, locomotor activity and consumption of sucrose and saccharine
solutions. Physiology & Behavior 84, 571-577. [PubMed: 15811392]

Haskins R (1977). Effect of kitten vocalizations on maternal behavior. Journal of Comparative and
Physiological Psychology, 91, 830-838.

Houpt KA, Hintz HF, 1983 Some effects of maternal deprivation on maintenance behavior, spatial
relationships and responses to environmental novelty in foals. Applied Animal Ethology 9, 221—
230.

Hudson R, Chacha J, Banszegi O, Szenczi P, Rodel HG, 2017 Highly stable individual differences in
the emission of separation calls during early development in the domestic cat. Developmental
Psychobiology 59, 367-374. [PubMed: 28323347]

Appl Anim Behav Sci. Author manuscript; available in PMC 2021 November 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lowell et al.

Page 10

Hudson R, Raihani G, Gonzélez D, Bautista A, & Distel H (2009). Nipple preference and contests in
suckling kittens of the domestic cat are unrelated to presumed nipple quality. Developmental
Psychobiology, 51, 322-332. [PubMed: 19259990]

Hudson R, Rangassamy M, Saldafia A, Banszegi O, Rédel HG, 2015 Stable individual differences in
separation calls during early development in cats and mice. Frontiers in Zoology 12, S12.
[PubMed: 26816512]

Jirgens U, 2009 The neural control of vocalization in mammals: A review. Journal of Voice 23, 1-10.
[PubMed: 18207362]

Kerr CA, Rand J, Morton JM, Reid R, & Paterson M (2018). Changes associated with improved
outcomes for cats entering RSPCA Queensland shelters from 2011 to 2016. Animals, 8, 95.

Larson MA, Stein BE, 1984 The use of tactile and olfactory cues in neonatal orientation and
localization of the nipple. Developmental Psychobiology 17, 423-436. [PubMed: 6745502]

Levine MS, Hull CD, Buchwald NA, 1980 Development of motor activity in kittens. Developmental
Psychaobiology 13, 357-371. [PubMed: 7390018]

Lingle S, Wyman MT, Kotrba R, Teichroeb LJ, Romanow CA, 2012 What makes a cry a cry? A review
of infant distress vocalizations. Current Zoology 58, 698—726.

Little S, 2011 The Cat-E-Book: Clinical Medicine and Management. Elsevier Health Sciences.

Lueken L, Lemery K, 2004 Early caregiving and physiological stress response. Clinical Psychology
Review 24, 171-191. [PubMed: 15081515]

Manning Sue. 4 9, 2014 “Most wild kittens taken to shelters will be killed” AP News Retrieved from
https://apnews.com/95¢72c6291504a62b78ab52feab8ef72.

Mendoza DL, Ramirez JM, 1987 Play in Kittens (Felis domesticus) and its association with cohesion
and aggression. Bulletin of the Psychonomic Society 25, 27-30.

Pinheiro J, Bates D, DebRoy S, Sarkar D, Team RC, 2019 nlme: Linear and nonlinear mixed effects
models, R package version 3. 1-143.

Rasia-Filho AA, Londero RG, & Achaval M (2000). Functional activities of the amygdala: an
overview. Journal of Psychiatry and Neuroscience, 25, 14-23. [PubMed: 10721680]

Rheingold HL, Eckerman CO, 1971 Familiar social and nonsocial stimuli and the Kitten’s response to a
strange environment. Developmental Psychobiology 4, 71-89. [PubMed: 5170704]

Russell PA, 1973 Relationships between exploratory behaviour and fear: A review. British Journal of
Psychology 64, 417-433. [PubMed: 4584329]

Sarkar D, Sarkar MD, KernSmooth S, 2020 Package ‘lattice’.
Wickham H, 2016 ggplot2: elegant graphics for data analysis. Springer.

Appl Anim Behav Sci. Author manuscript; available in PMC 2021 November 01.


https://apnews.com/95c72c6291504a62b78ab52feab8ef72

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Lowell et al.

Page 11

Highlights

. We compared responses of orphaned and mother-reared kittens to a brief nest
separation

. Orphaned kittens emitted more distress calls than mother-reared kittens

. Orphaned kittens were more active than mother-reared kittens

. Orphans were more vocal and active during a nest separation at 1 and 3 weeks
of age

. Being orphaned likely increases stress responses of neonatal Kittens
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Fig. 1.
The experimental setup for trials.
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Means, 95% confidence interval of the mean, and standard deviation for activity (s) and number of

Table 1.

vocalizations by orphan status (OR=orphan, MR=mother-reared) and age group.

Variable OR 1 week (N=12) | MR 1week (N=20) | OR 3 week (N=26) | MR 3 week (N=21)
Activity (s) 69.26 [59.35, 79.17] | 30.62[22.28, 38.96] | 59.05 [52.48, 65.62] | 39.70 [32.58, 46.81]
SD 15.60 17.82 16.26 15.63
Vocalizations | 70.08 [54.58, 85.59] | 63.15 [49.14, 77.16] | 66.73 [55.62, 77.84] | 63.81 [55.44, 72.18]
SD 24.40 29.94 27.50 18.38
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Table 2.

Summary of Generalized Linear Mixed Models investigating the effects of orphan status, age and sex and
interactions with orphan status on active time (s) and number of vocalizations emitted by kittens during a nest
separation (V=79 trials).
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Predictor Estimate | CI of estimate SE torz p

Active time
Intercept 19.99 [3.70, 36.28] 8.03 249 | 0.018
Orphan 58.45 [29.86, 86.04] 12.64 4.63 | 0.001
Age 9.12 [0.02, 18.23] 4.45 2.05 | 0.049
Sex 2.79 [-9.01, 14.59] 5.82 0.48 | 0.635
Orphan:Sex 0.31 | [-16.27, 16.89] 8.17 0.04 | 0.970
Orphan:Age —-33.79 | [-19.64, -5.49] 6.91 | -2.84 | 0.008

\ocalizations
Intercept 4.09 [3.81, 4.36] 0.14 | 29.94 | <0.001
Orphan 0.47 [0.08, 0.89] 0.20 2.38 | 0.018
Age 0.02 [-0.06, 0.10] 0.04 0.45 | 0.654
Sex -0.04 [-0.25, 0.18] 0.11 | -0.33 | 0.740
Orphan:Sex -0.01 [-0.31, 0.31] 0.15 | -0.06 | 0.950
Orphan: Age -0.22 | [-0.35,-0.09] | 0.07 | -3.18 | 0.001
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