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Cats prefer species-appropriate music

CharlesT. Snowdon ® 2 =, David Teie °, Megan Savage ©
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- L Bt 221 2 7| F 5520 7 (TA| 7F12] 25.7%)
- S ESE2| 7Z2t2(o] ot 2t 86.4%0|H,
QloF 0| 7}EH O A| AZIsH= 0| Abstract

=21 7= Many studies have attempted to use music to influence the behavior of nonhuman
animals; however, these studies have often led to conflicting outcomes. We have
developed a theoretical framework that hypothesizes that in order for music to be
effective with other species, it must be in the frequency range and with similar tempos to
those used in natural communication by each species. We have used this framework to
compose music that is species-appropriate for a few animal species. In this paper, we

23".3 12'?é .*_I'H'E -;F-7 I‘E._I Pet 9|'E‘||J_|_E.I cr_eated s;?ecie:s-ap'pr'opriate m_usic for domestic cats and tested this music in comparison

with music with similar affective content composed for humans. We presented two
examples of cat music in counterbalanced order with two examples of human music, and

s SHQ =2 7|5t HIHESE AIRC H|2to| 22| ML we evaluated the behavior and response latencies of cats to each piece. Cats showed a
, =
| o significant preference for and interest in species-appropriate music compared with
2 =N HIEA o
- A|-|:,|'I|_|- L_‘l': .:.Q —lI-O‘I‘Ql' Al'T'—‘E 7£-|| S human music (median (interquartile range (IQR)) 1.5 (0.5-2.0) acts for cat music, 0.25
» ZIOFK| TQHO| MBS AIREEZ XMR3HHIFESE E3| 29 F|& (0.0-0.5) acts for human music, P<0.002) and responded with significantly shorter
latencies (median (IQR) 110.0 (54-138.75)s for cat music, 171.75 (151-180)s for human
v HigiEE oPNZ) Lo} Efel2fel A & music (P<0.001). Younger and older cats were more responsive to cat music than middle-
e = = aged acts (cubic trend, r2=0.477, P<0.001). The results suggest novel and more
- ETEEISE WS AP, SolAlet HY ol ged acts( ) s

appropriate ways for using music as auditory enrichment for nonhuman animals.
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Table 2
Mean values and standard derivation of percentage in different sleep states.

Nocturnal sleep Nap

Noise group  Control group  Noise group Control group

SS% 58 +13 47+14 64+19 44412
USS% 22410 26412 18 +15 23+ 14
R&W% 1746 2246 16 +12 29+ 10

SS%: percentage of stable sleep time; USS%: percentage of unstable sleep time;
R & WZ%: time ratio in REM stage and wake states.

70 J. Zhou et al. / Journal of Theoretical Biology 306 (2012) 68-72

In the sleep quality test, a questionnaire was carried out for
each individual in the nocturnal sleep group right after sleep to
assess his/her feeling about the influence of pink noise on sleep
quality. The assessment was generally divided into three levels,
namely good, ordinary and bad.

To quantify the noise effect, ECG signals were recorded from
every subject through the whole average 7.5-hour sleep by
utilizing a small Holter of CPC, which used only a single-lead
electrode with diameter of 53 mm on the chest and had much less
disturbance than polysomnogram (PSG) machine to sleep, which
could help to acquire the results more close to reality.

These recorded single-lead electrocardiographic signals
were analyzed through cardiopulmonary coupling method. This
approach combines the amplitude fluctuations of QRS wave that
are associated with the mechanical effects of ECG-derived respira-
tion signal with heart rate variability changes that are related to
neuroautonomic tone modulation mathematically (Thomas et al.,
2009). The resultant sleep spectrogram of this method is a map of
coupled sleep oscillations, displaying spontaneously transitioning
periods of very low frequency coupling (wake or REM sleep), low
frequency coupling (“unstable” sleep) and high frequency cou-
pling (“stable” sleep) (Ibrahim et al., 2010). The approach has
advantage that it could avoid subjective mistakes made by
operators with traditional R & K evaluation and has less distur-
bance to sleeper than PSG.

Thus, the periods of stable sleep (high frequency coupling
regimes) were collected to compare with the whole sleep time for
quantitative evaluation of the effect of noise sound on sleep
consolidating.

2.4. Statistical analysis

The adjacent blocks in the 50-minute naps was compared by
utilizing student’s paired t-test and rank-sum test to evaluate the
differences associated with pink noise and quiet state.

Meanwhile, analyses that whether there was significant dif-
ference in the percentages of stable sleep time between the noise
exposure and control group, were carried out by using paired
Student’s t-test or rank-sum test when Student's t-test was
inapplicable due to the existence of heterogeneity of variance.

3. Results

For the brain synchronization experiment, according to the
results of fractal dimension analysis for each block as shown in
Fig. 3, it demonstrates clearly that each block with pink noise
exposure is significantly different from the adjacent blocks with
quietness, which implies that the complexity of brain activities
tend to be synchronized by the pink noise. Moreover, considering
that a significant level decrease of the fractal dimension with the
introduction of pink noise and the fractal dimension has a trend
to increase like block 3 when pink noise stops, it could be
confirmed the pink noise may trigger brain wave into a lower
complexity.

In the sleep quality test, the subjective assessment of 40
subjects to the nocturnal sleep exposed to pink noise, as shown
in Fig. 4, indicates that 30 persons feel that pink noise has a good
effect on sleep while 8 people think no significant improvement
in their sleep. Additionally, there are also two subjects feeling bad
on sleep.

Fig. 5(a) and (b) display typical CPC spectrums of one subject
in this study under quiet and noise exposure conditions. It is very
clear that in the noise exposure environment, the number and
durations of high frequency coupling sections increase compare
to the quiet environment and more continuous high frequency

P<0.005

s,

Significant

114 difference P<0.005

Fractal dimension
o
w
L

1.0 T T

Time (*15S)

Fig. 3. The comparisons in different blocks which show the pink noise could
trigger the brain wave into a lower level of complexity.

30

- »n N
o =3 o
L L 1

Number of subjects

-
=3
L
@

(2]
1

2

o [

T
Good Ordinary Bad
Subjective evaluation on the effect of pink noise

Fig. 4. The assessment of subjects’ feeling about the influence of pink noise on
sleep quality. Three levels are divided to describe the feeling: good, ordinary
and bad.

periods are shown, which mean the time of stable sleep for this
person has grown and his sleep quality is improved.

Table 2 presents the data of 40 pairs in nocturnal sleep and 10
pairs in nap, respectively, showing the percentages of stable sleep
time (SS%), unstable sleep time (USS%) and the time ratio in REM
stage and wake states (R & W%) calculated by the CPC method.
The results indicate that for nocturnal sleep the noise exposure
group reaches a mean of 58% ( + 13%) stable sleep time while the
control group has only 47% ( + 14%),with 23% higher in percen-
tages. For the nap tests, 64% ( + 19%) stable sleep time appears in
the noise group, much higher than that of 44% ( + 12%) in the
control group, with 45% higher values. Meanwhile, the percen-
tages of both the unstable sleep time and the REM stage & wake
time are much reduced in the noise group, which also helps in the
improvement of sleep quality accompanied by the increase of
stable sleep time.

The results of paired t-test of those data show significant
differences in the percentages of stable sleep time between the
noise exposure group and the control group, for both of nocturnal
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