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Introduction

elcome to the field of aquatic fitness—a
anst array of programming options to

enhance health and well-being for all
ages and abilities. Although water exercise can
encompass a wide variety of activities, this manual
specifically targets vertical exercise in both shal-
low and deep water.

Exciting new trends are emerging in the fitness
industry, and aquatic fitness is at the forefront with
reduced-impact yet challenging options for group
exercise, small-group fitness, and personal train-
ing. The properties of water further enhance the
benefits of many popular fitness formats, such as
kickboxing, yoga, body sculpting, Pilates, walking
and jogging, circuits, intervals, and sport-specific

training. No longer targeting just the senior popu-
lation, safe and effective programs can be found
for all age groups, including parents and infants,
children, teens, young adults, and the “new”
seniors, the baby boomers.

This manual provides an excellent resource
for fitness professionals and students seeking
knowledge in aquatic fitness applications, educa-
tion, and training. AEA sincerely hopes that the
following pages inspire you to review, learn, and
update those skills necessary to effectively share
the benefits of aquatic fitness with others. May
we all work together in the pursuit of a healthier
global community.



AEA Mission Statement and Purpose

OUR MISSION

The Aquatic Exercise Association (AEA) is a not-
for-profit educational organization committed to
the advancement of aquatic fitness worldwide.

OUR PURPOSE

AEA is committed to increasing awareness, edu-
cation, and networking opportunities to benefit
professionals as well as the general public. With
AEA, achieving healthy lifestyles through aquatic
fitness is a team effort, supported globally.

AEA desires to embrace cultural diversity in
our industry to assure that individuals worldwide
can enjoy and employ the benefits of aquatic fit-
ness programs regardless of age, ability, goals, or
interests.

PURPOSE OF CERTIFICATION

The aquatic fitness professional certification was
developed to increase public health, safety, and
confidence in aquatic fitness programming led by
certified professionals.

The aquatic fitness professional certification
is designed to test a standard level of theoretical
and practical competence and skill for aquatic
fitness professionals to assure the highest level of
programming and implementation to a wide range
of participants.

The aquatic fitness professional certification
offers certified professionals confidence and
security through superior standards and current
research implementation.
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edges that education is a continuous process.

Additionally, knowledge must be shared in
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Physical Fithess

Introduction

This chapter highlights the components of physical
fitness. Physical fitness describes physical activity
with a purpose: the desire to maintain or improve
functional capacity or a predetermined fitness
level. Guidelines are outlined for the recommended
quantity and quality of exercise for developing and
maintaining overall fitness in healthy adults. The
benefits of regular exercise and moderate-intensity
physical activity are discussed as well as their impact
on overall health and prevention of chronic disease.

chapter

b Key Chapter Concepts

What are the five primary components
of fitness?

What is the most effective and safest
way for the average person to stretch?

What guidelines should be followed to
improve cardiorespiratory endurance,
muscular fitness, and flexibility?

Why is an exercise heart rate usually
lower in the water than on land?

What is the heart rate response in con-
tinuous and interval training?

How does exercise benefit the average
person?

What are the guidelines for physical
activity as set by the US Department of
Health and Human Services?
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COMPONENTS OF PHYSICAL
FITNESS

Physical fitness is broadly defined as the ability
of the body’s physical parts to function, and is
measured by the level at which these physical parts
are capable of functioning. A person possessing
a high fitness level would have a body capable of
functioning physically at optimal levels. A person
possessing a poor fitness level would have physi-
cal weaknesses or limitations that would affect
the body’s ability to function at optimal levels.
Measurement of functional capacity and fitness
level are discussed in chapter 14.

Physical fitness is achieved through regular
exercise. When developing or participating in an
exercise program, it is essential to consider all the
components necessary for optimal physical fitness.

There are five major components of physical
fitness:

® Cardiorespiratory endurance
® Muscular strength

® Muscular endurance

® Flexibility

® Body composition

A fitness instructor must understand all the
components that affect a person’s fitness level
and be able to design a program that promotes or
enhances all five components.

Cardiorespiratory Endurance

Cardiorespiratory endurance is defined as the
capacity of the cardiovascular and respiratory sys-
tems to deliver oxygen to the working muscles for
sustained periods of energy production. Cardio-
respiratory fitness describes the body’s physical
capacity to perform large muscle movement over a
prolonged period of time. Large muscles are found
inthe legs, trunk, and arms and are responsible for
gross motor movement. Cardiorespiratory fitness
is often termed “aerobic fitness.”

Research clearly indicates that the aquatic envi-
ronment is suitable for increasing and maintaining
cardiorespiratory fitness, as long as you adhere to
the American College of Sports Medicine (ACSM)
guidelines for aerobic exercise.

Muscular Strength

Muscular strength is defined as the maximum
force that can be exerted by a muscle or muscle
group against aresistance. The muscle is expected
to exert this maximum force one time or in one
effort. Resistance of some kind is needed to train
for muscular strength. Free weights and weight
machines are commonly used on land to train
for muscular strength. When training for strength
gains, a routine is employed that utilizes heavy
weight lifted for fewer repetitions. Although no opti-
mal number of sets and repetitions has been found
to elicit maximal strength gains, the accepted range
indicated by research appears to be somewhere
between two and five sets of 2 to 10 repetitions at
an all-out effort (Fleck and Kraemer 2003). Some
people are unable to train for muscular strength
because of orthopedic or structural problems that
make it difficult or impossible to meet the demands
placed on the musculoskeletal system. Some
people avoid strength training because of common
misconceptions, such as the concern about build-
ing too much muscle girth or a fear that they may
find such training physically uncomfortable.

Muscle hypertrophy is the term used to
describe an increase in the size or girth of muscle
tissue. Muscle atrophy is the term used to describe
the loss or wasting of muscle tissue through lack
of use or disease.

Equipment is used for strength training in the
water to maximize or increase resistance just as
on land. On land, the resistance is usually deter-
mined by the amount of weight being lifted. In the
water, resistance is determined by the amount of
buoyancy, drag, or weight the equipment provides,
as well as the velocity or speed at which the move-
ment is performed (see chapter 7).

Muscular Endurance

Muscular endurance is defined as the capacity
of a muscle to exert force repeatedly or to hold a
fixed or static contraction over time. Assessment
is made by measuring the length of time the muscle
can hold a contraction or by counting the number of
contractions performed in a given length of time.

Once again, there is no optimal number of sets
and repetitions for building muscular endur-



ance. As with strength gains, programs should
be individualized and varied to achieve the best
results. When focusing on endurance gains, mul-
tiple repetitions are usually prescribed in sets of
20 repetitions or more (Van Roden and Gladwin
2002). These sets differ in intensity from the
all-out effort in strength training. By the end of
the set, the muscle should feel fatigued but not
necessarily exhausted. Using the resistance of the
water is an excellent way to promote and maintain
muscular endurance. Resistance can be progres-
sively increased by applying more force against the
water’s resistance, increasing the surface area or
lever length, or by adding equipment.

Although it is possible to train specifically for mus-
cular strength or endurance, these two components of
fitness are not independent of each other.

Flexibility

Flexibility is defined as the ability of limbs to move
at the joints through a complete range of motion.
Having a reasonable amount of joint flexibility is
important in the reduction of risk of injury as well
as for general body mobility. Loss of flexibility can
lead to impaired movement and an inability to
perform activities of daily living (ADLSs). Loss
of flexibility occurs as a natural part of the aging
process or as the result of sedentary lifestyles,
trauma, injury, or surgery. In order to maintain
flexibility, the joints must be taken through their
full range of motion on a regular basis.

Exercise is a series of muscle contractions,
which will leave a muscle shortened unless it is
intentionally stretched after an exercise session.
Immediately following an exercise program is the
best time to stretch to maintain and improve flex-
ibility because the muscles are warm and pliable
and pumped with oxygenated blood. Stretching
after exercise is critical for every type of exercise
program, including aquatic fitness programs.

It is also imperative to stretch correctly. Bal-
listic stretching (bouncing, tugging, or over-
stretching the muscle) can cause the muscle to
tighten instead of relax. Ballistic stretching acti-
vates the muscle spindle, a specialized receptor
in the muscle known as a proprioceptor, which
monitors muscle length change and the speed of
length change (figure 1.1). The muscle stretch
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Figure 1.1 Muscle spindle and golgi tendon organ.

reflex arc is a neurological loop that actually tight-
ens (contracts) the muscle or increases muscle
tension. It is an involuntary response designed to
help protect muscle tissue from tearing when being
overstretched. Ballistic stretching can oppose the
desired effect of stretching by tightening rather
than lengthening the muscle.

Static stretching involves stretching to the
point of mild discomfort and holding the elon-
gated position. Holding a static stretch for 15 to 60
seconds is most beneficial during the poststretch.
Proper static stretching does not activate the
stretch reflex, and therefore muscles relax and
lengthen. Static stretching is the preferred method
for enhancing flexibility for the general population.

Although generally recommended as a safe and
effective option, intense static stretching has been
shown to reduce maximum force production for
up to one hour after the static stretch (Evetovich,
Nauman, Conley, and Todd 2003; Young and Behm
2003). Thus, static stretching prior to training or
competition might hinder athletic performance in
activities that require maximum power, although
it would remain acceptable after exercise.

Rhythmic or dynamic stretching is moving
body parts through the full range of motion in a
slow, controlled manner. Instead of stopping and
holding a static stretch, you may pause briefly in
an extended or stretched position before continu-
ing through the full range of motion. For example,
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a slow front kick with a pause in front will help
to lengthen the gluteal and hamstring muscles.
Participants need to respect their normal range of
motion and not overstretch to avoid activating the
stretch reflex arc. Rhythmic stretching is generally
preferred over static stretching prior to the main
segment of the workout. In the pool, adequate heat
can be generated to keep participants comfortable
and maintain warmth in muscle tissue during the
warm-up stage of the workout.

Another proprioceptor, the Golgi tendon
organ, is found in the tendons of your muscles.
The Golgi tendon organ is a proprioceptive sen-
sory receptor that monitors tension in the muscle
(figure 1.1). If the Golgi tendon organ senses that
too much tension is being created in the muscle,
and that the tension generated might damage
related soft tissue, the muscle responds by relax-
ing. This involuntary response produces the
desired effect of releasing tension or relaxing the
muscle to avoid excessive or dangerous tension.
The Golgi tendon organ safeguards you from lifting
excessive loads that you might not be conditioned
to safely execute (Baechle and Earle 2004).

Body Composition

Body composition is defined as the body’s rela-
tive percentage of fat as compared to lean tissue
(bones, muscles, and organs). Body composition
is discussed in chapter 14. As body composition is
a primary component of fitness, it is important to
understand its role in overall physical health. It is
desirable to build and maintain a reasonable level
of lean muscle tissue. Adequate levels of muscle
tissue increase stamina and strength and boost
metabolism. Having too high a relative percentage
of fat increases your risk of heart disease, cancer,
and other metabolic diseases. Storing excess
subcutaneous fat can also impair physical perfor-
mance and inhibit quality of life (see chapter 11).

The water is a wonderful environment in which
to develop a favorable body composition and overall
physical fitness. Aerobic exercise in the aquatic
environment promotes fat loss while working
against the three-dimensional resistance of the
water builds lean tissue or muscle mass (Colado et
al. 2009, Gappmaier et al. 1986, Kieres and Plow-
man 1991, Kravitz and Mayo 1997).

Skill-Related Components
of Fitness

In addition to the five major components of physical
fitness, there are several skill-related compo-
nents of fitness as well. These include balance,
coordination, speed, power, agility, and reaction
time (Sova 2000).

® Balance: the maintenance of equilibrium
while stationary (static balance) or moving
(dynamic balance)

® Coordination: the integration of many
separate motor skills or movements into one
efficient movement pattern

® Speed: the rate at which a movement or
activity can be performed

® Power: a function of strength and speed;
the ability to transfer energy into force at
a quick rate

® Agility: the ability to rapidly and fluently
change body positioning during movement

® Reaction time: the amount of time elapsed
between stimulation and acting on the
stimulus

The average exerciser may not be overly con-
cerned with developing these skill-related compo-
nents; however, these are important components of
everyday life and should be included in an exercise
program. Athletes train for these components
primarily to enhance performance in their sport.
The skill-related components usually improve with
regular exercise even though you may not be specifi-
cally training for them. Many of these components
are employed during an aquatic fitness class, during
transitions, in pace changes, in one-footed moves,
and so on, and are developed and improved through
practice and repetition. Skill training (also called
functional training), which incorporates all of the
skill-related aspects of physical fitness, is becoming
more popular as a method of training to improve
quality of life and enhance activities of daily living.

GUIDELINES FOR EXERCISE

Lifestyle diseases have become prevalent in
many developed countries due to the population
becoming more sedentary and physically inactive,



adopting poor eating habits, and being exposed
to more environmental hazards. Several long-term
or epidemiological research studies starting in the
1940s and continuing through the present have been
and are being conducted in the United States to
attempt to discover which lifestyle factors increase
or decrease the risk of various diseases. One of
the most famous epidemiological studies is the
Framingham Study, in which several generations
of families in the town of Framingham, Massachu-
setts, have been studied to monitor risk factors for
disease—cardiovascular disease, in particular.

A sedentary lifestyle, or physical inactivity,
was determined to elevate risk for cardiovascular
disease and cancer as well as contribute to elevat-
ing risk for many other diseases. (Risk factors
are further discussed in chapter 14 on health risk
appraisal and physical screening.) Research studies
were then conducted collecting metabolic and other
data to determine the amount and type of exercise
necessary to significantly lower risk of disease. The
guidelines developed by the American College of
Sports Medicine (ACSM), printed initially in 1975
and revised several times since, have emerged as
the primary guidelines used by the exercise pro-
fession. These guidelines are very similar to what
is published by the American Medical Association
and the American Heart Association.

ACSM makes the following recommendations for
the quantity and quality of training for developing
and maintaining cardiorespiratory fitness, body
composition, flexibility, neuromuscular training,
and muscular strength and endurance in the
healthy adult (ACSM 2010).

Mode of Training

Mode describes the type of exercise being per-
formed. Activities that use large muscle groups,
that can be maintained continuously, and that
are rhythmical and aerobic in nature are rec-
ommended for improving cardiorespiratory
endurance. Aerobic activities include walking
and hiking, running and jogging, cycling, cross-
country skiing, dancing, rope skipping, rowing,
stair climbing, swimming, deep-water running,
many shallow-water activities (e.g., kickboxing),
skating, and some endurance sport activities.
Selected activities should reflect the individual’s
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interests and goals and be selected to accommo-
date his or her level of fitness and skill.

For all adults, ACSM (2010) recommends a
resistance training program that includes a com-
bination of multi-joint exercises that use more than
one muscle group and targets both the agonist and
antagonist muscles. Single-joint exercises may also
be included in the resistance training program.

Frequency of Training

Frequency is how often you exercise or train.
Although cardiorespiratory fitness improvements
might be seen in deconditioned individuals with
exercise two times per week, training fewer than
two days per week does not generally show a mean-
ingful change in functional capacity. For most
adults to achieve and maintain fitness benefits,
ACSM (2010) recommends moderate-intensity
cardiovascular exercise at least five days a week, or
vigorous-intensity training at least three days per
week, or a weekly combination of three to five days
a week blending moderate and vigorous activities.

Resistance training two to three days per week
for each major muscle group is recommended by
ACSM. Additionally, at least 48 hours should sepa-
rate the training sessions for each muscle group to
allow adequate recovery and muscle development.

Intensity of Training

Intensity is how hard you exercise and can be
measured in several ways. Fitness instructors
should understand all the ways in which intensity
can be measured, although only one or two ways
might be employed in class.

Maximal oxygen uptake (VOZmax) is deter-
mined with specialized equipment that measures
the amount of oxygen the subject exhales. The
difference between the amount of oxygen inhaled
and exhaled is the amount of oxygen being used
by the body. To find the maximum amount of
oxygen a subject can use, the subject runs on a
treadmill until he or she reaches exhaustion. At
this point of exhaustion, the maximum amount of
oxygen the body is capable of using is determined.
Intensity measurement by using a percentage of
VOzmax is not practical for use in an exercise class
but is important to fitness instructors for under-
standing research and medical studies.
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In research and medical settings, cardiorespi-
ratory fitness is often measured as a percentage
of maximal oxygen uptake. An intensity level of
between 40-50 to 85 percent of oxygen uptake
reserve (VOZR) is considered sufficient to elicit a
cardiorespiratory response. ACSM (2010) guide-
lines recommend moderate intensity (40 to less
than 60 percent VO?_R that noticeably increases
heart rate and breathing), vigorous intensity
(greater than or equal to 60 percent VO,R that
substantially increases heart rate and breathing),
or a combination of both moderate and vigorous
intensity training for most adults.

More common ways to measure exercise inten-
sity use a percentage of a person’s maximal heart
rate (HRmax) or heart rate reserve (HRR). A
person’s maximal heart rate is determined the
same way a Vogmax is determined. A person
runs on a treadmill with a heart monitor until
exhaustion, at which point a maximal exercise
heart rate is determined. Because measuring
maximal heart rate in this manner is not prac-
tical, we use an estimated maximal heart rate
instead. The equation 220 minus age is generally
accepted in the exercise profession as a reason-
ably accurate estimate of maximal heart rate. An
intensity range of 64-70 to 94 percent of estimated
HRmax (220 minus age) is recommended for aero-
bic training.

A more accurate way to measure intensity by
using heart rate is to use the heart rate reserve
method, also known as Karvonen’s formula.
Karvonen’s formula personalizes heart rate mea-
surement by factoring in the individual’s resting
heart rate. A true resting heart rate (HRrest)
is found by taking your heart rate for 60 seconds
on three mornings before rising and then averag-
ing the three. Karvonen’s formula is calculated by
taking 220 minus age, minus resting heart rate,
multiplying by the desired percentage, and then
adding back the resting heart rate.

A fitness instructor should be aware that
several factors can affect training heart rate.
These factors include stress, caffeine, medica-
tion, general health, and environmental factors.
In the aquatic environment, heart rate can be
additionally affected by the water’s temperature,
compression, reduced gravity, partial pressure,
the dive reflex, and reduction of body mass (table

1.1). It is recommended that a 6-second heart
rate count be used in the water. Informal data
collected indicates that a 10-second heart rate
might not be as accurate because of the speed at
which the water can cool the body, thereby more
quickly lowering exercise heart rate. Research
clearly indicates a reduced heart rate in the water
as compared to the same intensity of exercise on
land. Water submersion also affects resting heart
rate and can affect your calculations for aquatic
heart rates using Karvonen’s formula. Additional
research has indicated that the aquatic suppres-
sion of heart rate is dependent on the factors
listed in table 1.1, as well as on fitness level and
age.

For years the aquatic fitness community has
been working to determine the best way of calcu-
lating an aquatic target heart rate. McArdle and
colleagues (1971) suggested a deduction of 13%
taken at the end of Karvonen’s method or the maxi-
mal heart rate equation. In the early days of the
Aquatic Exercise Association, a 17-beat-per-minute
deduction (Sova, 1991) was recommended to be
subtracted at the end of the Karvonen’s method
or the maximal heart rate equation. Use of a stan-
dard deduction can over- or underestimate both
maximum heart rate and calculated percentages
of maximum for a given individual due to a number
of factors, including fitness level.

Recent research in Brazil and the United States
indicates that a standard percent or a standard
number of beats per minute may not be as accu-
rate as a deduction in determining aquatic heart
rate calculations. Dr. Luiz Fernando Martins
Kruel's research group in Brazil conducted sev-
eral studies comparing physiological responses
for land and water that included hundreds of
people (Kruel 1994; Coertjens et al. 2000; Kruel
et al. 2002; Alberton et al. 2003). Many of these
studies compared heart rates taken at two posi-
tions out of the water and at two depths in the
water. Conclusions indicate that two heart rate
measurements are needed to determine an indi-
vidual’s aquatic deduction.

The following example shows how to imple-
ment the Kruel Aquatic Heart Rate Deduction
with the Karvonen formula when determining an
individual’s target aquatic heart rate. The equa-
tion is based upon a 50-year-old individual with a



