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Summary The relationship between humans and water and the effects on aspects related to
human performance has never been studied scientifically. The aim of the current systematic
review is to attempt to define the term “aquaticity”, present the factors that describe it
and reveal the form in which it presents itself in today’s society, in order to become a distinct
scientific field of study. A systematic review of the literature has been conducted using anec-
dotal reports from the internet and forums as well as scientific articles and books from data-
bases on issues related to aquatic sports.

To the best of our knowledge there are no scientific articles dealing with human’s aquaticity.
In the current systematic review, four factors have been recognized that are closely related to
human aquaticity. Those are related to physical condition in the water, to apnea and ability to
immerse, to mental health and to parameters related to body composition.

According to our findings, “Aquaticity is the capacity of a terrestrial mammalian organism to
function and habitualise in the aquatic environment. The level of aquaticity depends on
mental and physical characteristics and can be improved by frequent exposure to the water
element”. The ideal state of aquaticity is achieved through the activation of the diving reflex,
when the human body is totally immersed in water. The development of knowledge regarding
the aquatic environment leads humans to an improved state of aquaticity.
ª 2015 Elsevier Ltd. All rights reserved.
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Introduction

The aim of the current article is to attempt to discuss and
define the term aquaticity, as it applies to humans, present
the factors that characterize it and reveal the form in
which it presents itself in today’s society, in order to
become a distinct scientific field of study that would allow
its assessment as another parameter of human perfor-
mance. One of the main difficulties of the subject is the
term itself. To our knowledge, aquaticity, when used, de-
scribes the ‘level’ of being aquatic (Torre, 2014). While
missing in formal dictionaries it is a term frequently used in
many biological disciplines and variable contexts. For
example in ecology, aquaticity levels could range from 1
(truly aquatic species) to 8 (brackish water or salty marsh
species) e but the meaning of the term there is restricted
in the evaluation of ‘affinity’ of an organism to water (Birk,
2009). In sports coaching, trainers empirically evaluate
children’s aquaticity (for example when selecting
‘talented’ children for water sports) as ability to perform
inside or underwater (Knight, 2014). In rehabilitation,
physiotherapists evaluate how ‘comfortable’ a patient may
be in water. While in diving, aquaticity refers strictly to a
diver’s ability for optimal underwater performance (a
culmination of efficacious and thus safe underwater
movement) (Tutorov, 2008; Boetticher, 2010; Winram,
2014).

Based on the literature, popular sports culture and our
interactions with the diving community it became clear
that while aquaticity is indeed a term used among divers
and swimmers, to describe how ‘comfortable’, ‘efficient’,
or ‘successful’ an athlete may be during water immersion
etc, aquaticity has not been clearly defined in the scientific
literature nor is it used to scientifically describe ‘ability in
water’. This poses a problem as often coaches, trainers and
athletes refer to levels of aquaticity expressed through
their empirical observations or expressions of personal ex-
periences (Havriluk, 2014). Moreover, as water activities
are used in special needs education and rehabilitation/
therapy settings, it became evident that there is a need to
address the term and place it in a scientific context e that
is the purpose of this article.

The benefit will be that a basis will be set for describing
‘ability in water’ and that will allow for devising a test to
objectively evaluate it, and thus support the needs of
various populations engaged in water activities. Indeed an
aquaticity test has been developed and validated in healthy
individuals by our group (Varveri et al., 2014).

Aquaticity does not describe a ‘vague’ relationship be-
tween humans and water. We propose that it is a perfor-
mance attribute that can be evaluated and improved upon
with various interventions. Our aim is to clarify and define
the term as “a water performance” attribute the capacity
of a terrestrial mammalian organism to function and
habitualise in the aquatic environment. If such a goal would
be achieved then not only communication among sport
scientists, coaches, physical therapists, and water safety
educators will be greatly improved e but also communi-
cation among other disciplines such as biologists, physiol-
ogists and anthropologists.
Methods

In our effort to investigate the term aquaticity and its
characteristics, we have conducted a search using elec-
tronic databases, scientific articles and books on aquatic
sports.

A search in the electronic databases such the Google,
Yahoo, Answers.com, Ask.com and Bing reveal that the
term aquaticity in Greek e (ydrobiόthta) appears mainly in
websites that related to free-diving and scuba diving, as
well as websites that contain information about underwater
fishing (spear fishing). In addition a search of the equivalent
English term was conducted (i.e. aquaticity), however, we
came across various statements made by free diving ath-
letes, who present their own perspective on aquaticity,
based on their personal experiences and long-term partic-
ipation in water sports. Scientific databases such as the
PubMed, Scopus and ScienceDirect were also used for
additional information on the subject of aquaticity in
humans. Furthermore, our methodology extended to the
review of books, scientific articles and studies on various
sports that take place on, in and under the surface of
water. The following key terms where used during our
extensive search: swimming abilities, aquatics, synchro-
nized swimming advanced water skills, water confidence,
mindful swimming, aquatic brain, talent swimmers, factors
influencing success in swimming performance, apnea, free
diving, diving response (depth, temperature etc), special
adaptations (water vision, navigation etc.) of Ama Japa-
nese divers, Moken (sea people), body shape & composi-
tion, water dance, benefits of water exercise, aqua-phobia,
fluidity, sailing, surfing, human amphibious.

Results and discussion

Results from the most popular internet search engine with
the term ‘aquaticity’ resulted in about 2735 ‘hits’ (google)
mostly in diving/sports pages with aquaticity being referred
to as ‘ability or comfort in water’. More restricted search
among available scholarly work resulted in 20 results
(Google scholar). In Greek the equivalent term is “ydro-
biόthta” which gives over 971 hits in Greek, again with
relation to diving and water activities. A related term is
hydrobiosis (ydrobίush) which has a clear biological
meaning (Z ability of an organism to live/thrive under-
water). The term, “hydrobiosis”, appears in w4700 hits in
general search and w446 hits in academic search (Google
scholar). No scientific articles have been found under the
subject of Aquaticity or similar terminology when PubMed
or other scientific data bases were used.

Definition of aquaticity: why “introduce” a
new term?

Aquaticity offers the characteristics that mammals need in
order to function within water. The meaning of the term
aquaticity is closely related to life itself, given the fact
that human beings spend the first 9 months of their lives
within the amniotic sac, surrounded by the amniotic fluid.
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Subtypes of aquaticity

The way that humans interact with water varies. A person’s
ability in water with no equipment support, could be called
‘physical aquaticity’. However, using swimming equip-
ment, rafts or boats is a prerequisite for many activities and
of course a person’s interaction with the water element is
largely altered as compared to the case of no equipment
use. This types of a person’s ability in water, could be
called ‘technical aquaticity’ while when a person uses rafts
and boats etc could be called ‘interactive aquaticity’.

To explain further the need to introduce subtypes of
aquaticity, one can empirically understand that the aqua-
ticity of sailing (an overwater activity) with the aquaticity
of free diving (underwater) activity can differ by many
degrees. As overwater activity such as sailing may require
only some of the elements that may constitute ‘aquaticity’
even though most sailors argue that they ‘read the water’
and have a ‘connection’ with it. Moreover, there is the
interaction of the sailor with the boat to consider, a me-
chanical aid that allows the traversing of the liquid surface,
which complicates the evaluation.

Still, one could evaluate a yachtman’s physical aqua-
ticity levels and propose measures to improved it if found
‘under par’ for the requirements of safe sailing (in case of
an accident). We view physical aquaticity as a factor of
human performance that can be measured and assessed in
all sports.

How is aquaticity gained?

According to anecdotal reports, unpublished personal notes
and common sense, a good level of aquaticity is achieved
through frequent contact with the water environment
(Boetticher, 2010). A high level of physical aquaticity gives
humans better balance, breathing control, motor skill,
sufficient propulsion, fluidity of movement and confidence.

Characteristics of aquaticity

In order to decode the term aquaticity, the main charac-
teristics should first be examined. To the best of our
knowledge and judging from the few bibliographical ref-
erences available, there are no scientific articles dealing
with this issue. So far the majority of the scientific articles
dealing with water activities, aim mainly to locate and
investigate isolated parameters related to the performance
of humans in the water. In order to define the term aqua-
ticity, we studied activities that take place on the surface
of water (i.e. sailing), activities and sports that take place
in water (i.e. swimming and synchronized swimming) as
well as these activities that take place under the surface of
water (i.e. free-diving). We also examined studies investi-
gating the special adaptations occurred (water vision,
navigation) after exposure in various sports (Gillilan, 1980)
and in various marine populations, such as the Ama and
Moken female divers (Gislen et al., 2003).

Aquaticity in sailing
The ability to cruise and navigate demands an in-depth
knowledge of the special characteristics of water and air,
but also a strong will and focus of mind. The available
literature on Olympic Sailing Classes highlights the impor-
tance of physical fitness in the racing performance of in-
dividuals during single or consecutive sailing races
especially during bad weather conditions, where the
yachtsman’s stamina and endurance plays a crucial role in
his racing performance (Vogiatzis, 2000).

Aquaticity in classic swimming
Aquaticity requires a smooth flow of movements when in
water and it is achieved through the learning of swimming
skills and the person’s familiarization with the liquid
element (Ackland, 1999). According to Australia’s national
organization for the teaching of swimming and water safety
(www.austswim.com.au), aquatic activities for people
should begin when they are still infants by taking baby
swimming lessons. Contact with water seems to promote
physical and mental health, while, at the same time, it
contributes to the formation of an emotional bond between
humans and the liquid element. The main goal of acquiring
water skills is initially the acquisition of a feeling of safety
and water confidence, while later is to progress to effi-
ciency of movement. The swimming ability of a human
being is directly linked to his/her aquaticity, since swim-
ming is defined as the movement the body makes when
floating in water. Moreover, in order for someone to acquire
these swimming abilities, it is necessary to start by
achieving balance in the water, the ability to propel in the
water efficiently and finally, and a last stage of swimming
abilities is learning and applying the techniques of the four
available swimming styles (Romberg et al., 2012).

Aquaticity in synchronized swimming
In synchronized swimming a much more complex set of
water skills is required, since it is considered to be one of
the most difficult and demanding of the water sports (Chu,
1999). Synchronized swimming combines swimming with
aerobics and dance routines with breath hold apneas,
facilitated by a nose clip, while the athletes should also
have excellent swimming skills, a sense of balance and
orientation in water, precision in movement and a sense of
time and rhythm. It is evident that synchronized swimmers,
unlike their classical swimming peers, are obliged to
develop a much more complex adaptation to the liquid
element, due to the demands of their sport, compared to
the other water activities.

Aquaticity in free-diving
During free diving (diving on a single breath), the human
body adapts to the increases of the hydrostatic pressure
and the temperature changes. This adaptation is called
‘diving response’ and it includes physical and psychological
adjustments (Lindholm and Lundgren, 2009; Ostrowski
et al., 2012).

World record holders in free diving argue that the secret
for someone to achieve total immersion and infiltration to
the aquatic environment is aquaticity, meaning the physical
and mental harmonization with the liquid element that can
allow one to reveal the remarkable abilities that the human
body possesses, when in water (Gislen et al., 2003). An
excellent swimming technique, especially for torso and leg
movements, seems imperative. For example Umberto

http://www.austswim.com.au
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Pelizzari, the well-known free-diving trainer and founder of
one of the biggest academies of free-diving, in his book
entitled ‘The Manual of Freediving’, mentions that classical
swimming improves aquaticity dramatically and that is the
reason why he opted to include it on all the available free-
diving courses he offers (Pelizzari and Tovaglieri, 2004).

Aquaticity of pearl gatherers
The adaptations to the aquatic environment developed by
populations such as the Japanese female divers Ama and
the sea gypsies Moken in South Asia are impressive. Gilsen
and her colleagues (Gislen et al., 2006) studied the un-
derwater vision of Moken children, and they found that
Moken children have 50% more precise underwater vision
and increased focus abilities compared to the children of a
similar age in the general population. These abilities are
not innate but they can be developed, since they are
compatible to the lifestyle of the people that belong to the
Moken tribe. Moreover, according to various studies, the
Bajan divers in Philippines and the Ama female divers in
Korea and Japan have developed a strong diving reflex
through which the heartbeat is significantly decreased and
therefore a longer period of apnea is achieved (Shiraki
et al., 2002; Schagatay et al., 2011).
Components of aquaticity

Based on the above, four factors have been proposed by us
to play an important role in human aquaticity and they are
listed below.

1. Physical conditioning, optimization of swimming
technique

The development of a good physical condition when in
water (i.e. endurance, strength, speed) promotes the
feeling of security and independence. The optimization of
the swimming technique promotes, also, the perfection of
the stroke and the control against the aquatic environment
(i.e. balance, resistance and response to hydrostatic pres-
sure), the different sensations (hearing, vision) and the
development of special water skills (navigation, floatation,
hydrodynamic position) (Chatard et al., 1999).

2. Psychological and Emotional Conditioning

Jacques Mayol e known from the “Big Blue” movie e
said that the level of relaxation when the body is immersed
in the liquid element it is proportional to the degree of
aquaticity of the individual (Mayol et al., 2000). The
emotional relationship with the aquatic environment can
be developed through activities related to water, even
when they do not involve immersion of the face or the body
into the water. Nevertheless, the liquid element could also
cause negative feelings that can prevent joy and pleasure
leading to panic and frustration, such as aquaphobia (Lindal
and Stefansson, 1993). The total control over mind and
body in the aquatic environment is part of the special ad-
justments a diver has to make, when he or she is in a high
pressure and low visibility environment (Pendergast and
Lundgren, 2009).
3. Breath-hold capacity (apnea) and diving ability

The ability to hold one’s breath and stay underwater is
an important factor of aquaticity (Foster and Sheel, 2005).
Competitive divers can hold their breath more than 8 min
while diving academies require a static (no movement)
breath hold capacity of 2 min, and a dynamic apnea (un-
derwater swimming) of 25 m for budding 1 stage trainees.
This affects also how deep one may go, although there is no
linear relationship between static apnea and depth of dive
(Schagatay, 2011).

4. Anthropometric Characteristics

Performance can also be dictated by body composition
and other anthropometric characteristics such as the length
of limbs, the vital capacity of the lungs, size of the spleen
and the bone mineral density (Schagatay, 2011). All of
these parameters play a significant role in swimming, and
are thus important also for underwater activities, since
they determine the buoyancy, the propulsion, the speed
and apnea ability of humans in water (Ostrowska et al.,
2005). Those variables could also play an important role
in the process of acquiring aquaticity.
Practical application

Definition of aquaticity

To the best of our knowledge, this is the first attempt to
define the term aquaticity and to assess the potential pa-
rameters that seem to affect its level. After investigating
scientific evidence and anecdotal reports we have
concluded that “Aquaticity is the capacity of a terres-
trial mammalian organism to function and habitualise in
the aquatic environment. The level of aquaticity de-
pends on mental and physical characteristics and can be
improved by frequent exposure to the water element
and instruction”.
Conclusions

Aquaticity is a physical capacity/ability that humans
develop from a young age, when they come in contact
with the water element. The ideal state of aquaticity is
achieved through the activation of the diving reflex,
when the human body is totally immersed in water (Dujic
and Breskovic, 2012). Contact with the liquid element
can be achieved in many different ways through various
activities either recreational or professional. Human
contact with the water element seems to promote not
only the physical wellbeing, but also the psychological
and emotional health. The development of aquaticity
could promote lifelong exercise in the water, the devel-
opment of environmental awareness and the desire for
creative expression. Consequently, the development of an
education program in aquaticity for children seems
necessary, since it could contribute towards the devel-
opment of physical skills, knowledge and psychological
balance.
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