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Abstract

Heart rate measurements can be useful for the monitoring of both physical and mental condition in
humans and nonhuman animals. Yet, information about heart rates in chimpanzees, who are
phylogenetically the closest species to humans, is scarce. Existing data on chimpanzee heart rates
have mainly been collected from chimpanzees under anesthesia. To address this issue, we conducted
electrocardiogram recordings in captive chimpanzees under normal conditions without anesthesia
based on positive reinforcement training. We obtained a total of 771 recordings from 35 individuals
(22 males and 13 females, 14-53 years old) with no cardiac problems. The females had a higher
heart rate than the male chimpanzees, and heart rate decreased as a function of age. In addition, heart
rate was lower in the morning and increased during the day. Overall, the mean heart rate of adult
males was 86.5 beats/min, and that of female chimpanzees 106.4 beats/min. Our data could serve as
a reference point for future research and health-based monitoring of chimpanzee heart rates.
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Introduction

Heart rate is an important indicator of the physical and mental state of both humans and nonhuman
animals. Although several studies have described the collection of heart rate data from chimpanzees
(Pan troglodytes), the closest living relatives of humans, the majority of these data were collected
from individuals who were under anesthesia, as a result of the challenges associated with obtaining
the data from awake chimpanzee. Atencia et al. (2015) described the characteristics of
electrocardiograms (ECGs) of 100 chimpanzees housed at an African sanctuary. The data were
obtained during physical assessments made when the chimpanzees were under anesthesia. The mean
heart rate of individuals under 10 years of age (n=151) was 71 beats/min (bpm), and that of adult
individuals (10 years of age or older, n =49) was 63 bpm. Atencia et al. (2017) investigated the
effects of different types of anesthesia on chimpanzee heart rate in a total of 176 individuals from
three African sanctuaries. Drane et al. (2020) compared ECG characteristics and echocardiographic



data in a total of 341 chimpanzees from three African sanctuaries and two zoos. Additional anecdotal
findings and reports involved smaller sample sizes (Erickson and Olsen 1985; Lonsdorf et al. 2014;
Drane et al. 2021). Taken together, the existing data indicate that the mean heart rate of chimpanzees
under anesthesia is approximately 68—88 bpm, with a range from approximately 40 to 100 bpm.
However, these data were obtained using various combinations of pharmaceutical anesthetic agents.

In the 1980s, Boysen and Bernston (1986; 1989) measured the heart rate of a young chimpanzee in a
normal awake condition without anesthesia to investigate the effects of visual stimuli on heart rate.
The study was conducted when the subject female chimpanzee was 3.5 years old and when she was
4.5 years old. The heart rate of this young chimpanzee was around 80—120 bpm. More recently,
Serrano-Finetti et al. (2023) conducted a study on heart rate in four awake adult male chimpanzees
without anesthesia. In their study, a caregiver wore a special glove with electrodes embedded into the
fingertips. By touching a chimpanzee in a normal awake state, the glove allowed the caregiver to
obtain ECG data. The mean reported heart rate was 65 bpm, but detailed information such as the
range and SD were not reported.

Bonobos, along with chimpanzees, belong to the genus Pan. Two studies have measured heart rate in
bonobos in normal awake conditions. Olds et al. (2023) used KardiaMobile sensors to obtain ECG
data from six awake bonobos without anesthesia, and reported their heart rate to be 87 bpm

(range = 60—118 bpm). Danforth et al. (2023) used the petMap device to measure blood pressure and
heart rate in captive bonobos at eight North American zoos. A total of 2845 good-quality recordings
were obtained from 36 individuals, and the mean heart rate was 110 bpm (range = 75-187 bpm).

Because of difficulties associated with the placement of recording probes, such as electrodes, onto
the skin of awake chimpanzees, researchers have attempted to develop non-contact methods for
measuring heart rate in this species. For example, Iwata et al. (2023) used a millimeter-wave radar
device to measure heart rates in two captive chimpanzees, which were verified by simultaneously
obtained contact ECG data. The millimeter-wave radar data were consistent with the ECG data.
However, the chimpanzees were under anesthesia during data collection, and the result of the heart
rate calculation was not reported.

Wang et al. (2023) obtained non-contact heart rate measurements via a new image-analysis technique
in which fine-scale cardiopulmonary signals are extracted according to the cyclic motion of the
subject’s body. They verified data collected from seven chimpanzees by simultaneously measuring
heart rate using classic photoplethysmography (PPG) finger sensors. The authors concluded that the
results of the two methods (image analyses and PPG) were in agreement. However, the range of the
estimated heart rates was from 140 to 170 bpm, which is far higher than that measured for
chimpanzees under or not under anesthesia. In our experience, PPG-based measurements of heart
rate often yield unreliable data in chimpanzees because of their highly pigmented and thick skin.

The most reliable methods for monitoring heart rate are contact-based measurements such as ECG or
echocardiography. In the development of new non-contact heart rate measurement techniques,
accurate heart rate data collected in normal awake conditions without anesthesia are essential as
reference points. Accordingly, we collected ECG data from a total of 35 captive chimpanzees in
normal awake conditions following their husbandry training with positive reinforcement.



Methods

The study participants were chimpanzees at Kumamoto Sanctuary (Wildlife Research Center, Kyoto
University). Care staff conducted husbandry training with the chimpanzees to encourage them to
permit the placement of electrodes on the skin of their chest. A portable ECG device (HCG-901)
with external electrodes (HCG-901-LEAD; OMRON) was used. We modified the tip of the
electrodes for placement on a chimpanzee's chest (see supplementary materials for details). We
conducted the training during individual feeding periods, at which time each chimpanzee was
temporarily kept isolated in an indoor or outdoor room. Each recording session was ideally 2 min
long, although the participant chimpanzees could leave the site at any point. Small pieces of fruit
were given to the participant chimpanzees as positive reinforcement for sitting still and permitting
the recordings to be made (Fig. 1). In the present study, we analyzed data recorded from 16
November 2013 to 31 May 2023, during which time a total of 1909 recordings were obtained from
55 individual chimpanzees.

The heart rate calculations were conducted using HCG-SOFT-CL1 (OMRON) bundled software
(Fig. 2). If the data were too noisy to calculate the heart rate by using the software, in cases where it
was possible to count the R waves for more than 15 consecutive seconds (not including an
extrasystole), we made the calculations manually.

As we sought to report the heart rate of visibly healthy chimpanzees in the present paper, we
excluded chimpanzees who had been infected with hepatitis C during a previous biomedical
experiment (Hirata et al. 2022) from the analysis. We also excluded individuals who had been
diagnosed with cardiac problems during physical examinations. When two or more recordings were
conducted in a day, the recording with the best quality was used for the analyses.

The final dataset was collected from 35 individuals, as follows: 562 recordings (5—46 recordings per
individual) from 22 males, 14-53 years old (mean=31.0, SD=8.2); 209 recordings (2—40 recordings
per individual) from 13 females, 547 years old (mean=32.4, SD=10.9).

We used a linear mixed model to assess the effects of sex, age, and time of day of the recording
session. In this model, heart rate was the response variable and sex, age, and time of day were fixed
effects. The identity of each individual was added as a random effect to control for repeated
measures. We used the likelihood ratio test to examine the significance of the effects. We used the R
package Imer4 version 4.1.2 for the statistical analyses.

Results and discussion

Figures 3 and 4 show scatter plots of heart rate as a function of age and the time of day, according to
sex. The linear mixed model showed that the effects of sex, age, and the time of day were all
significant (sex, Y 2=19.28, p<0.001; age, Y 2=15.01, p<0.001; time of a day, Y
2=17.67,p<0.001). Females had a higher heart rate than male chimpanzees, and heart rate
decreased as a function of age. In addition, heart rate was lower in the morning and increased during
the day.

Table 1 shows a summary of the data from the adult chimpanzees (excluding juveniles < 10 years
old). The data were from 22 males aged 14-53 years (562 recordings in total) and ten female
chimpanzees aged 15-47 years (192 recordings in total). Because of the daily husbandry schedule,



recordings from the males were mainly conducted in the morning and those from the female
chimpanzees were mainly conducted in the afternoon. Thus, the observed difference in male and
female heart rates was likely influenced by the time of day of measurement in these two groups.

Wang et al. (2023), using a new type of image analysis technology, estimated the heart rate of one
juvenile (9 years old) and six adult (19-44 years old) captive chimpanzees, as ranging from 140 to
170 bpm, which is higher than the range observed in the present study. Given this difference,
additional work is needed to verify the accuracy of the method used by Wang et al. (2023).

Our heart rate values were higher than those reported by Serrano-Finetti et al. (2023), who measured
heart rate in four captive male chimpanzees without the use of anesthesia and reported a mean value
of 65 bpm. However, this value (65 bpm) is within the 95% probability range (64—108 bpm) of our
data from male chimpanzees. Serrano-Finetti et al. (2023) did not indicate the time of day at which
the measurements were taken, which was an important variable in the present study. The two studies
on heart rate measured in captive bonobos under normal conditions without anesthesia reported
values that were similar to and within the range of our results (Olds et al. 2023; Danforth et al. 2023).
Thus, heart rates of the two species of the genus Pan appear to be similar.

In humans, females have a higher heart rate than males, and heart rate decreases as a function of age
(Bonnermeier et al. 2003; Sagie et al. 1992; Singh et al. 1999). In addition, heart rate is lower in the
morning and increases during the day (Vandewalle et al. 2007). Our results from chimpanzees
showed a comparable trend, suggesting that similar factors affect heart rate in both chimpanzees and
humans. We did not collect ECG data from the chimpanzees in the evening or at night because these
periods did not align with their routine daily care. In humans, heart rate starts to decrease at night in
the awake state, and decreases to its lowest level during sleep (Vandewalle et al. 2007). Future
research is needed to determine whether or not chimpanzees show a similar circadian trend in heart
rate.

Our results could serve as a reference point for the future development of non-contact methods for
measuring heart rate in chimpanzees. It should be noted, however, that the heart rates reported in the
present study may differ from those in chimpanzees in a naturalistic, relaxed condition. The presence
of the caregiver and the electrode placement process might have induced an increased arousal level
in the chimpanzees, which could have increased their heart rate. However, because we repeated the
measurement process in the same chimpanzees, they likely experienced some degree of habituation.
Accordingly, some of the data presented in the scatter plots in Figs. 3 and 4 likely represent the heart
rate in a normal relaxed condition.

Limitations of our method are the use of dry electrodes instead of pre-gelled electrodes, and
modification in the placement of the ground electrode. These modifications are associated with
drawbacks such as lowering the amplitude in the ECG and potentially introducing deviations in the
general characteristics of the waveform. Therefore, the waveforms cannot be used to measure
features other than the heart rate, such as amplitude of the QRS complex. However, our method does
not impose a problem in the determination of heart rate because measurements of the R-R interval
were reliable and sufficient for this purpose. Heart rate measurements could be used to compare
healthy with sick individuals, for example to check for the occurrence of arrhythmia. The technique
described here could also be used for heart rate monitoring in individuals undergoing treatment with
beta blockers and other types of drugs.



Of note, as illustrated by the images shown in Fig. 1, is that application of the method described here
was possible because of the relationships between the skilled staff and the target chimpanzees.
Regulations by other facilities may prohibit this style of interaction between staff and chimpanzees
for safety issues. Use of a mobile device such as KardiaMobile offers a safer training

option (Cloutier Barbour et al. 2020). Validating various different methods and selecting a safer
method for use will promote the health monitoring of great apes in captivity.
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Fig. 1 arryn out an electrocardiogram (EC) on an adult male chimpanzee by using a portable

device
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Fig. 2 An example of ECG recording data. The text in Japanese indicates the following: 1st line,
“Date: 8 December 2015, at 07:23:42 am”; 2nd line, “Heart rate: mean 93 beats/min (bpm), min 86
bpm, max 101 bpm”; 3rd line, “Symptom: no input”; 4th line, “Analysis output: (none)”; 5th line,
“Model used: HCG-901,” “Electrode: body electrode (unchecked), cable lead (checked)”; 6th line,
“Note: Norihei (the name of the subject).” An example of a set of P, R, S and T waves are indicated
for one heartbeat; Q waves are not clearly visible in this recording. A single continuous ECG
recording is shown which is divided into five sections; the recording for only the first 35 s is shown;
each section (from left to right) represents 7 s of the recording
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Fig. 3 Heart rate as a function of age
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Fig. 4 Heart rate as a function of the time of day

n  Mean SD Minimum Maximum First . Second quartile Thlrd.
quartile quartile
Male 22 86.5 11.1 50 125 79 87 93
Female 10 106.4 16.1 60 144 96 108 117

Table 1: Summary of heart rate data from adult chimpanzees (= 14 years old)
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