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[Abstract]

This study examined changes in the respiratory rate, depth, and autonomic nervous activity during swims of five divers
with different experiences (instructor and novice) to investigate measures for reducing accidents and challenges during
recreational diving. The results revealed that the instructors could consciously control their breathing and had less depth
variation during submerging. However, novices revealed greater depth variation during submerging, and some of them
could not take slow and deep breaths as recommended by regulator breathing. The autonomic nervous activity of divers,
except for one instructor, resulted in a slight increase in sympathetic activity and suppression of parasympathetic activity in
underwater conditions requiring to regulate more neutral buoyancy than that at rest.

Key Words: SCUBA diving, Recreational diving, Respiratory control, Buoyancy adjustment, Autonomic nervous

activity.

I. Introduction

Self-contained underwater breathing apparatus (SCUBA)
diving is an underwater activity performed while breathing in
water using SCUBA. Based on the attendance certification of
private education organizations, SCUBA divers are classified
as nationally licensed divers and recreational divers'?.
Recreational diving can be experienced in Japan and abroad
under a diving instructor’s supervision, regardless of their age
or physical fitness, as long as the diver is in good health.
Furthermore, divers who have completed a scuba diving
certification course are awarded a certification card (C-card)
and are eligible to dive for fun (FUN diving services)®. The
knowledge and diving skills acquired by divers in the
certification course are the minimum requirements for
enjoying recreational diving safely.

SCUBA diving is performed underwater in a hyperbaric
environment, involves more risks than activities on land, and
can lead directly to death!*®. Regarding diving accidents in
Japan, the years of diving experience of accident victims were
as follows: no previous experience (27%), <1 year (15%), and
>10 years (29%). Furthermore, the proportion of accidents
was higher in middle-aged and older people than in other
populations>®. Shibayama (2011) investigated the frequency
of diving disabilities among experienced divers aged over 15
years and reported that 2% of them experienced
decompression sickness, regardless of age, even when the
dive computer carrying rate was >90%?". The primary causes
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of diving accidents are self-negligence due to a lack of diving
skills and inattention to health conditions. In FUN diving, the
reasons for accidents are as follows: (1) inability of some
participants to control their buoyancy, (2) inability of some
participants to recover the regulator that has come off their
mouths, (3) poor physical condition of some participants, (4)
forceful participation in diving despite being aware of the
dangerous sea conditions, and (5) diving without having the
ability to set up their equipment. This knowledge and diving
skills should be acquired in the certification course. Diving
skills are essential for air consumption during ocean SCUBA
diving®. Body size affects air consumption, but air
consumption by inexperienced beginners may occur due to a
combination of factors, such as insufficient skills in breathing
control and buoyancy adjustment (neutral buoyancy),
underwater environmental conditions, and psychological
effects due to divers’ age and experience>%¥,

Furthermore, it is helpful to acquire diving skills and basic
knowledge of diving physiology, which are covered in
certification courses, to prevent accidents during recreational
diving. Respiratory movement is closely related to autonomic
nervous activity, although it can be consciously regulated.
During diving, breathing must be consciously regulated by
taking slow and deep breaths. Sasaki et al.” examined
changes in cardiovascular physiological indices while diving
due to different breathing methods. They reported the
possibility of suppressing blood pressure elevation during
diving by taking deeper breaths than normal to relax. The
sympathetic and parasympathetic nerves are antagonistically
involved in respiratory regulation, with the sympathetic
nerves predominating during inhalation and parasympathetic
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nerves predominating during exhalation. Additionally, it is
well known that deep breathing affects autonomic nervous
activity!®!V, The relationship between autonomic nervous
activity and emotions, such as anxiety and tension, has also
been clarified'>!'¥. Chouchou et al.' reported that diving
increases  parasympathetic  activity and  suppresses
sympathetic activity. However, Schipke and Pelzerm'® used
heart rate variability (HRV) to assess autonomic nervous
activity during pool diving and found that head out immersion
into the pool increased sympathetic and parasympathetic
activities, whereas whole body submersion and SCUBA
diving increased parasympathetic activity. Nevertheless,
novices are often found to be nervous during SCUBA diving.
Hence, a better understanding of respiration and autonomic
nervous activities involved in respiratory control might
prevent diving accidents.

This study aimed to perform preliminary experiments with
divers having different experiences (instructor and novice) to
better understand the relationships among breathing control,
buoyancy adjustment, and autonomic nervous activity during
diving. In addition, it provided directions for future research
that could contribute to preventing accidents during
recreational diving and improving certification course
programs.

I1. Materials and Method
1. Participants

This study included five healthy people (one man and four
woman) with no illnesses who were -certified with
recreational diving C-cards (Table 1).

Table 1. Characteristics of participants

e Participants
Characteristics
A B C D E
Gender Male Female Female Female Female
Age 49 36 22 21 20
Height (cm) 167 164 151 162 152
Weight (kg) 69 53 56 58 50
SCUBA Diving Level  instructor  instructor o/wW o/wW o/w
Diving experience (years) 20 over 15 3 2 2
Number of tanks (bottles) 5000 over 5000 over 10 7 7

Participants A and B were instructors with >15 years of
experience, whereas participants C, D, and E were open-water
divers with <3 years of experience. The SCUBA diving level
was specified on each participant’s license card. The years of
diving experience and number of tanks were collected from
each participant’s logbook. The years of diving experience
(number of tanks) was >15 years (5000) for participants A and
B, whereas those for participants C, D, and E were 3 (10), 2
(7), and 2 years (7), respectively. After obtaining approval
from the ethical review of Kansai University (approval
number 2021-17), the participants received a verbal
explanation of the study; subsequently, written informed
consent was obtained from the participants.

2. Procedure
Participants were instructed to pay attention to the effects
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of body position, exercise, diet, sleep, time of day, smoking,
and other factors regarding autonomic nervous activity and
take thorough care of their physical condition 1 week before
the experiment. On the day of the experiment, measurements
were recorded in a dedicated indoor diving pool with stable
environmental conditions. The pool’s maximum depth was 5
m, and the vertical and horizontal distances were 10 and 5 m,
respectively. The room and water temperatures were kept
constant at 27°C. The measurement period was the same for
all five participants (10:00-12:00). Hydration was prohibited
for 30 min before the measurement. Additionally, participants
were instructed to urinate before the measurement. Each
participant wore a wetsuit over a swimsuit.

Measurements were recorded under the following six
conditions in the particular order (Figure 1):

(H)REST (2)HWI (3)LSW &) LBW (5 US (6) HWIA
20min Smin Smin Smin Smin Smin

Land y@

Underwater

1 I Stay Stay

2 —1

3 PR

4—r - O

5

Stay  Slow swimming
Water Depth (m)

Figure.1 Experimental Protocol

(1) Sitting and resting for 20 min (REST)

(2) Maintaining a standing position with the water surface
reaching the heart level for 5 min (head out water immersion
[HWI])

(3) Attaching SCUBA equipment and floating horizontally on
the water surface for 5 min (lying surface water [LSW1])

(4) Diving to the bottom of the water and maintaining a
horizontal position for 5 min (lying bottom water [LBW])
(5) Maintaining neutral buoyancy at a constant and swimming
as slowly as possible at a depth of 3-4 m for 5 min
(underwater swimming [US])

(6) Maintaining a standing position with the water surface
reaching the heart level with equipment attached for 5 min
(HWI with apparatus [HWIA]).

Participants could easily move to the next step. Respiratory
measurements were performed via natural respiration under
REST, HWI, HWIA, and regulator breathing (RB).
Respiratory measurements were also performed using
SCUBA under LSW, LBW, and US while being aware of each
participant’s respiratory rhythm and skill.

3. Measurement item

The measurement items were respiratory rate, water depth,
and the time interval between adjacent normal R waves in the
ECG (RR interval). Spontaneous expiration and inhalation
were recorded for determining respiratory rate on land (REST,
HWI, and HWIA) using a thermistor attached to the nostrils.
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Exhalations expelled as bubbles were counted for the RB in
the water (LSW, LBW, and US). The respiratory rate was
calculated every minute for each condition. Diving depth
variations were continuously monitored using a dive
computer (AIR DIVER, D202-Q00117, CITIZEN, Tokyo,
Japan). Electrocardiograms were obtained using a Holter
electrocardiograph (Cardio Memory, RAC-3103, NIHON
KOHDEN, Tokyo, Japan) via the chest bipolar induction
method. The electrocardiograph was fitted with a custom-
made (manufactured by DIV Co., Ltd) pressure-resistant
housing for waterproofing.

4. Data processing

Respiratory rate, RR interval, and heart rate calculated
from the RR interval were determined as number of times per
min, and the mean and standard deviation (SD) were
calculated for the last 3 min under resting condition and for 5
min under other conditions. Depth data obtained via the dive
computer was transferred to PC via the communication unit
(COMMUNICATION UNIT, CMUT-01, CITIZEN, Tokyo,
Japan) using a USB cable (HYPER AQUALAND USB
CABLE, 400-0270, CITIZEN, Tokyo, Japan). The water
depths under US conditions were determined every 5 s and
were averaged every minute. HRV analysis was conducted
using the time series data of RR intervals to evaluate
autonomic function. This study used time (time-domain
method) and frequency (frequency-domain method) domain
analyses, which can be performed noninvasively and are
recommended for use by the Special Technical Committees
of the European and American Heart Associations!”!®,

In the time-domain analysis, RR50 and %RR50 were
calculated from the RR interval data. RR50 indicates the
number of occurrences of RR intervals per unit time (60 s in
this study), where the absolute value of the difference
between two consecutive RR intervals exceeds 50
ms. %RR50 indicates the percentage of RR50 divided by the
total RR interval within a specific period; it was first
established by Ewing et al.'?. %RR50 is an index that mostly
reflects parasympathetic function and is suitable for capturing
variations in short-term regulatory function (s to min)**?Y, In
this measurement, %RR50 was calculated every minute and
was averaged over the last 3 min under REST and over 5 min
under other conditions.

Frequency-domain analysis was performed to corroborate
the time-domain analysis using the dedicated software
(MemCalc/Tonam software, GMS, Tokyo, Japan) and
spectral analysis using the maximum entropy method.
Analysis was performed based on 5-min RR interval data for
each condition with a frequency resolution of 1/3-0.5 Hz.
Among the spectral components, 0.04-0.15 Hz were
separated and quantified as the low-frequency (LF)
component and 0.15-0.4 Hz as the high-frequency (HF)
component. The HF spectral power value was calculated as
an index of parasympathetic activity, whereas LF/ (HF + LF)
was calculated as an index of sympathetic activity per
minute'®??, Among the calculated data, the 1-min average
value from 2 min before the end of each condition was used
as the representative value.

Breathing and buoyancy regulation and autonomic
nervous activity during diving - MIURA et al.

5. Statistics

The respiratory rate, heart rate, %RR50, and LF/ (HF + LF)
were calculated for each condition relative to the REST. To
examine the variability in heart rate for each condition or
among participants, the coefficient of variation (CV) was
calculated using the mean heart rate and SD for 3 min under
REST and 5 min under other conditions. CV was calculated
using the average depth and SD for 5 min to compare
variability in depth among participants under US condition. A
scatter plots was constructed to examine the association of
depth variation as a measure of diving skill with respiratory
rate and autonomic nervous activity under US condition.

II1. Results
1. Respiratory rate

The respiratory rates of instructors A and B and novices D
and E were lower under LSW, LBW, and US conditions
during RB than under REST and HWI conditions. However,
the respiratory rate of novice C was higher under all other
conditions than under REST. Only novice D and the
instructors could breathe slowly and deeply with the regulator
in the mouth. The respiratory rates of instructors A and B and
novice D under US condition were 30%—-60% of those on
REST, whereas novice E showed 80% of respiratory rates on
REST, and novice C had higher respiratory rates under US
condition than on REST (Table 2).

Table 2. Respiratory rate of participants in each condition

Participants

Condition
A B C D E

REST 18.3 (1.00)  13.3 (1.00) 14 (1.00) 12.3 (1.00)  13.7 (1.00)
HWI 18.8 (1.03) 13.8 (1.04) 15.2 (1.09) 11.8 (0.96) 13.8 (1.01)
LSW 6.0 (0.33) 9.2 (0.69) 16.2 (1.16) 5.0 (0.41) 11.4 (0.82)
LBW 3.4 (0.19) 7.4 (0.56) 15.4 (1.10) 4.4 (0.36) 11.4 (0.83)
Us 6.0 (0.33) 7.8 (0.59) 15 (1.07) 5.2 (0.42) 11.4 (0.83)
HWIA 18.0 (0.98)  13.7 (1.03) 15.3 (1.09) 12.0 (0.98) 13.7 (1.00)

The values in parentheses show relative to the REST condition.
The unit is breaths/min.

2. Water depth variation (buoyancy adjustment)

Table 3 shows the mean depth and SD per min and for 5
min as well as CV of depth (maintained constant) for 5 min
under US condition. The mean and SD of 5-min depths for
instructors A and B and novices C, D, and E were 2.9 + 0.2,
34+£0.2,2.5+0.3,2.9=+0.5, and 3.6 = 0.3 m, respectively.
Depth variation (CV) calculated from the mean and SD of 5
min depths was smaller for instructors than for novices.

Table 3. Mean depth and SD per min and for 5 min and CV for
5 min in US condition

. Participants

e A B c D E

Imin. 32 £0.1 34 £03 25 £03 3.1 =08 3.7 £03

2min. 30 £02 35 £02 28 £02 33 =02 3.7 0.1

3min. 29 £02 35 £01 26 £02 29 £05 35 =04

4min. 30 £04 34 £0.1 24 £02 32 =04 34 £0.7

Smin. 24 £03 32 x£01 22 £09 22 £05 39 =02
S minuteavg. 29 £ 0.2 34 £02 25 +£03 29 +£05 3.6 +03
5 minute CV 0.079 0.048 0.138 0.166 0.085

The unit of depth is meters
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3. RR interval

In a previous study, the reference value (REST) of the
participants’ RR interval in this study was close to its normal
value according to age '*!'?). The heart rate calculated from the
RR interval, in most participants, showed a decrease under
LSW and LBW conditions compared with that under REST
and HWI conditions. Heart rate under US condition was
higher than that at REST and under other conditions in all
participants, and the CV of heart rate was greater in novices
than in instructors (Table 4).

Table 4. Mean heart rate and CV for participants in each condition

Participants
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Table 6. Representative value of LF/(HF+LF) for participants in

each condition

Condition Participants
B C D E

REST 1.0 (1.00) 0.4 (1.00) 0.5 (1.00) 0.3 (1.00) 0.2 (1.00)
HWI 0.9 (0.92) 0.8 (1.81) 0.4 (0.82) 0.4 (1.27) 0.3 (1.47)
LSW 0.5 (0.53) 0.9 (2.11) 0.9 (1.68) 0.7 (1.87) 0.6 (2.74)
LBW 1.0 (1.00) 0.8 (1.99) 0.4 (0.71) 0.8 (2.29) 0.4 (1.94)
Us 0.8 (0.86) 0.5 (1.10) 0.7 (1.47) 1.0 (2.81) 0.3 (1.19)
HWIA 0.8 (0.83) 0.8 (1.88) 0.7 (1.41) 0.6 (1.59) 0.6 (2.46)

The values in parentheses show as relative to REST condition.

Condition A B
Heartrate CV Heart rate CV
REST  68.3 (1.00) 0.019 65.7 (1.00) 0.032
HWI 69.0 (1.01) 0.012 60.8 (0.93) 0.063
LSW  66.1 (0.97) 0.039 65.5 (1.00) 0.047
LBW 679 (0.99) 0.049 70.3 (1.07) 0.057
us 732 (1.07) 0.026 72.0 (1.10) 0.022
HWIA 714 (1.05) 0.059 63.9 (0.97) 0.044
Participants
Condition C D E
Heartrate CV Heart rate CV Heart rate CV
REST  63.8 (1.00) 0.034 66.5 (1.00) 0.026 90.0 (1.00) 0.071
HWI 55.8 (0.87) 0.141 58.8 (0.88) 0.020 77.6 (0.86) 0.022
LSW  62.8 (0.98) 0.045 57.6 (0.87) 0.062 83.7 (0.93) 0.043
LBW  57.6 (0.90) 0.041 51.8 (0.78) 0.050 75.5 (0.84) 0.030
usS 74.4 (1.16) 0.098 68.4 (1.03) 0.069 97.8 (1.09) 0.038
HWIA 56.5 (0.89) 0.096 60.2 (0.91) 0.123 74.5 (0.83) 0.101

The values in parentheses show as relative to REST condition.
The unit of heart rate is beats/min.

4. Evaluation of autonomic nervous activity

When %RR50 is >5%, parasympathetic nerve function is
enhanced®. In this study, %RR50 for instructor B and
novices C, D, and E was >5% under all conditions. For
instructor A, %RR50 was >5% under LBW, US, and HWIA
conditions. Under US condition, instructor A showed the
highest %RR50, whereas instructor B and novices C, D, and
E showed the lowest value (Table 5).

Table 5. Mean %RR50 for 5 minutes of participants in each

condition
Condition Participants
B C D E
REST 1.5 (1.00) 14.6 (1.00) 41.0 (1.00) 35.7 (1.00) 7.7 (1.00)
HWI 0.3 (0.20) 41.8 (2.85) 59.1 (1.44) 64.6 (1.81) 37.0 (4.84)
LSW 1.5 (1.00) 39.5 (2.70) 43.7 (1.07) 37.7 (1.06) 11.4 (1.49)
LBW 9.3 (6.26) 15.5 (1.06) 61.2 (1.49) 39.0 (1.09) 22.3 (2.91)
US 20.2 (13.61) 5.0 (0.34) 9.7 (0.24) 21.3 (0.60) 6.3 (0.82)
HWIA 17.5 (11.81) 27.4 (1.87) 53.5 (1.30) 44.0 (1.23) 30.9 (4.03)

The values in parentheses show as relative to REST condition.

Table 6 shows representative values of LF/ (HF + LF) for
participants in each condition. As a measure of sympathetic
nervous activity, LF/ (HF + LF) was generally higher in the
other four participants, except for instructor A, under LSW,
LBW, and US conditions than that at REST (Table 6).

Figure 2 shows scatter plots of the association of depth
variation with respiratory rate and autonomic nervous activity
under US condition. A trend toward greater sympathetic
nervous activity was observed with a greater depth variation.
No consistent trend was observed between depth variation
and respiratory rate or between depth wvariation and
parasympathetic nervous activity.
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Figure 2. Scatter plots of the association of depth variation with
respiratory rate and autonomic nervous activity in US

condition
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IV. Discussion

This study evaluated the association between diving skills
and autonomic nervous system status in divers with different
experiences using respiratory control, buoyancy adjustment,
and autonomic nervous activity. This study hypothesized that
experienced divers are more skilled and relaxed underwater,
whereas novice divers are more nervous.

1. Respiratory control

The breathing resistance of the equipment affects the RB??.
Furthermore, respiratory control in the presence of increased
respiratory resistance stresses the body, enhances sympathetic
nerve activity, increases negative pleural pressure, promotes
heart rate, and increases the venous return rate®. Respiratory
control creates a relaxed state and reduces anxiety®®. In this
study, instructors A and B and novice D could perform <50%
of RBs during submerging (LSW, LBW and US) than at REST,
indicating that they have conscious respiratory control during
diving. However, novice C showed an increase in RB during
submerging compared with that at rest, and novice E only
showed a decrease of approximately two breaths. Therefore,
it is difficult to conclude that they have good respiratory
control. The recommended breathing skill for RB is slow and
deep for relaxation and safety. However, such breathing is
challenging for beginners because they are not conscious
regarding breathing daily. Furthermore, beginners may tend
to breathe faster when extra effort is required to balance their
bodies in the water, or they may take more breaths to stabilize
neutral buoyancy.

2. Buoyancy adjustment (neutral buoyancy)

In recreational diving, buoyancy adjustment, the ability to
swim without floating or sinking (neutral buoyancy), is a vital
skill®. In this study, depth while submerging varied more
among novices than among instructors, indicating that diving
skill influences buoyancy adjustment skills. However, novice
D could control breathing intentionally, but depth variation
while submerging was large, whereas novice E showed a
small depth variation but a high respiratory rate. Regarding
neutral buoyancy, the slow and deep breathing generally
recommended for SCUBA diving results in large buoyancy
changes; therefore, it is assumed that as novice D in this study,
could control breathing but did not achieve stable buoyancy
adjustment. The factors involved in adjusting neutral
buoyancy are considered buoyancy compensator operation as
buoyancy adjustment skills, balance of equipment settings
including appropriate weights, and ventilation rate due to
breathing control. Moreover, it is presumed that novice E
attempted to increase his breathing rate (lower ventilation
rate) and/or frequent buoyancy compensator operation to
stabilize neutral buoyancy. Novice C probably had difficulty
in achieving breathing control as well as buoyancy
adjustment. Thus, the results indicate that respiratory and
buoyancy adjustment skills do not necessarily correlate in
novice divers. As novice divers and instructors likely use
different buoyancy adjustment methods, it was also presumed
that the evaluation of buoyancy adjustment skills should be
examined separately for novice divers and instructors.

Breathing and buoyancy regulation and autonomic
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3. Assessment of relaxation in water

The RR interval is an index for determining the heart rate.
Ahigh RR interval value indicates a decrease in the heart rate,
whereas a low value indicates an increase in the heart rate. It
has been reported that water temperatures of >30°C increase
the heart rate and cardiac output®”. However, the pool water
temperature was 27°C in this study. Hence, it is not
considered an effect of the increase in water temperature.

In this study, the CV of heart rate under US condition was
greater in novice divers than in instructors and was more
stable among instructors. In general, bradycardia (diving
reflex) via the vagus nerve occurs in water due to the contact
of water with the whole body and face. Bradycardia prolongs
the vulnerable period of the ventricle. It has been reported that
extrasystoles occurring during the vulnerable period can
easily transform into lethal arrhythmias®®. In this study, a
general trend was a decrease in heart rate under LSW and
underwater conditions compared with resting conditions on
land (REST) and in water (HWI), which was particularly clear
in the three young novices. Higher variability in heart rate
under US condition in younger novices compared with that in
instructors suggests that the effect of aging is reflected in the
variability of heart rate. Further, instructor A showed
higher %RR50 under underwater conditions (LBW and US)
than that under REST or standing condition on the water
surface (HWI), whereas LF/ (HF + LF), a measure of
sympathetic activity, showed no clear difference between the
REST and underwater conditions, indicating a relaxed state in
underwater activity. However, instructor B and novices C, D,
and E showed the lowest %RR50 under US condition
compared with the other conditions. Additionally, most of
them showed increased LF/ (HF + LF) under underwater
condition, including US, compared with REST and HWI.
Thus, novices were more nervous underwater. Furthermore,
instructor B’s introspection that “it had been a long time since
I had been diving” suggested that she was more nervous
underwater, although not as much as the novices; the results
did not fully support the hypothesis. The autonomic nervous
activity during diving indicates that even instructors do not
always exhibit a relaxed state.

Previous studies have reported that diving stimulates the
autonomic nervous system, increasing parasympathetic
activity and suppressing sympathetic nervous activity;
furthermore, diving anxiety increases sympathetic
activity!>!®, In this study, scatter plots of buoyancy
adjustment skills and autonomic nervous activity during
diving suggest that lower buoyancy adjustment skills tend to
increase sympathetic nervous activity, although this trend was
observed in a limited number of participants (n = 5). Low
buoyancy adjustment skills may be a factor contributing to
diving anxiety and vice versa.

Sasaki et al.” reported that the relaxed state of deep
breathing may be involved in suppressing blood pressure
elevation during diving. Malinowski et al.?” indicated that the
cardiac response to diving is strictly dependent on the
autonomous control of resting heart rhythm. Schipke and
Pelzerm'® suggested that if HRV is lower than normal under
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controlled conditions, such as sitting by the poolside, or if
HRYV is reduced after diving, it is assumed that there is some
problem with the autonomic nervous system, which might be
an indicator for evaluating the diver’s physiological adequacy.
This study suggests that some novice divers have difficulty
with slow and deep breathing control recommended for
SCUBA diving. Furthermore, despite having control over
their breathing, buoyancy adjustment is not enough, and they
are not always in a relaxed state. This suggests that even
instructors with excellent breathing control and neutral
buoyancy adjustment skills can become nervous during a dive
due to various factors. From the perspective of ensuring
safety while diving, instructors and guides during ocean
SCUBA diving should be able to predict whether a diver is in
a state of excitement (sympathetic nervous activity) based on
the diver's respiratory status and depth variation, and should
be very careful to ensure their safety. In addition to assessing
the physical and mental conditions, knowledge and skills
required for diving and the importance of monitoring the
physical activity in real-time, such as measuring the heart rate
during underwater activities, need to be emphasized. We
believe that the data presented in this study will provide
helpful information for considering safety management in
recreational diving.

4. Research limits and prospects

The study limitations include the small sample size of
leisure divers and a pool to measure underwater conditions.
In the future, increasing the number of participants should be
considered. In addition, instructors may be nervous during
diving courses and ocean tours. Therefore, measuring and
evaluating diving skills under conditions similar to the actual
diving environment and understanding the state of
nervousness before diving through subjective questionnaires
would lead to improved diving instruction and safety
management.

V. Conclusions

This study examined changes in the respiratory rate, depth,
and autonomic nervous activity during swims of five divers
with different experiences to investigate measures for
reducing accidents and challenges during recreational diving.
The results showed that the instructors could consciously
control their breathing and had less depth variation during
submerging. However, novices showed greater depth
variation while submerging, and some of them could not take
slow and deep breaths as recommended by RB. The results
also indicate that buoyancy adjustment and breathing control
skills are not necessarily correlated among novices. The
autonomic nervous activity of divers, except for one instructor,
resulted in a slight increase in sympathetic activity and
suppression of parasympathetic activity under conditions
requiring more neutral buoyancy than that at rest. It was
suggested that beginners tend to become nervous underwater
and even instructors do not always show a relaxed state while
diving.

Breathing and buoyancy regulation and autonomic
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