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Animal Locomotion in Different Mediums
The Adaptations of Wetland Organisms
Abdul Jamil Urfi
Wetlands are repositories of unique biodiversity. Wetland
organisms are well adapted to their habitat, lying at the
interface of aquatic and terrestrial environments. In order to
understand their adaptations in a better way, it is essential to
grasp the basic properties of the medium in which various
organisms live. This is attempted here by first examining the
properties of the two contrasting environments, terrestrial
and aquatic. We focus primarily on locomotion, touching
upon related life processes like respiration, body size and
maintaining body balance by employing basic principles of
biology and physics.
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To say that all living organisms live in a ‘medium’ is to state the
obvious. We usually have a fair idea as to what the term means.
Fishes, plankton, squids, sea turtles, whales, etc., all aquatic
creatures, live in water, while tigers, bears, elephants and lizards
live on the ground and are terrestrial. All birds belong to the latter
category, though at various phases of their life some taxa may
depend upon aquatic resources for food or nesting and hence are
somewhat erroneously labelled as ‘aquatic birds’. Amphibians
(from Amphibios; amphi meaning ‘of both kinds’ and bios meaning ‘life’), as the name suggests, are a group of vertebrates which
inhabit two worlds. Their initial phase, when the organism comes
into being and lives as a larval tadpole is spent in the watery
environment. The succeeding adult phase is usually spent in the
terrestrial environment as a frog, hopping around on the ground
and catching insects and other grub for a living. However, at the
time of reproduction, the calling from the aquatic world is very
strong indeed and so that is where it returns to for spawning. Like
the amphibians, wetland organisms too live in both mediums,
viz., water and air but with a crucial difference. In their case, the
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Like the amphibians,
wetland organisms
too live in both
mediums, viz., water
and air but with a
crucial difference. In
their case, the two
mediums exist side by
side, unlike the
amphibians, which
are wholly aquatic in
one phase and
terrestrial in the other.

two mediums exist side by side, unlike the amphibians, which are
wholly aquatic in one phase and terrestrial in the other.
Life in Contrasting Environments: Aquatic and Terrestrial Habitats
Before we examine the adaptations of wetland organisms, it will
be useful to review the physical properties of the two contrasting
mediums and examine how the constraints imposed by the environment have a bearing on vital life processes. We shall focus on
locomotion, which is a significant trait of all living organisms
(see Box 1). Keeping the exceptions aside, in this article, we
examine only self-powered animal locomotion. To set the stage
for the discussion to follow, the relevant physico-chemical characteristics of aquatic and terrestrial environments are summarized in
Table 1. In a terrestrial habitat, the all-pervading medium is of
course air, which is a mixture of gases, chiefly nitrogen, oxygen,
carbon-dioxide, etc. In an aquatic environment, which could be
still (lentic) or flowing (lotic), saline or freshwater, depending
upon the salt concentration in it, the medium is water.
Countering Drag
The resistance offered by the medium to a moving body varies
considerably in rare and dense fluids. For instance, a person
walking on a road does not encounter much resistance and so she
can move about more or less effortlessly from point A to B in a
horizontal plane. But imagine if she was in a room filled with a
dense fluid, say glycerine or honey (and let us also assume for
simplicity that breathing was not an issue in this case). Here, she
would have great difficulty in walking across the room because
the dense medium would offer resistance. Let us examine this
further.
Principally, two forces, perpendicular to each other, are acting on
all bodies whether they are inside water or on the ground. One is
the gravitational pull and second, as they move, the resistance
offered by the medium. In the case of fishes, which are typical
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Box 1. Mobility in Different Life Forms
At different phases of their life cycle both animals and plants are highly mobile but their modes of locomotion/
transport differ. Plants are rooted and immobile as adults but as seeds they are usually highly mobile, having
adaptations for dispersal through air and water (Fig. A & B) with the assistance of various structures and tissue
modifications (wings, feathers, husk etc). In the case of animals the situation is reverse in that their young are
fairly immobile or localized (eggs or nestlings, cubs in a den etc) but as adults they are highly mobile. Since,
animals cannot obtain all their requirements by being at the same spot, as plants do by extending their roots in
the direction of moisture and nutrients, animals forage actively by travelling to areas where food is available.
However, there is a huge diversity of locomotory modes. Sometimes, animals may need to move quickly while
foraging (sit and wait predators) and at other times may chase their prey over long distances (pursuit
predators). Also, many a times, they may need to flee from predators or other forms of danger in which their
movements are akin to sprinting action. For each of these tasks the laws of mechanics dictate the amounts of
effort required, which of course varies in different environments.
While most animals are capable of
self powered locomotion there are
also several examples from the
animal kingdom where the organisms drift passively. For example,
the medusa of Coelenterates have a
sail like structure which assists in
wind driven transport (Figure C).
There are also examples of animals
moving at the interface of water
and air, as in the case of Penguin,
Flying Fish, Dolphin etc (Fig. F
and G). This strategy, by alternating in two mediums, one very dense
and the other rare, is believed to
considerably reduce the energetic
costs of locomotion by reducing
drag forces. Plankton, usually microscopic invertebrates, have no
powers of locomotion of their own
and drift along ocean currents (Figure D and E). They contrast with
nekton (fishes) which are capable
of powered locomotion (Figure H).
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Figure. A. Airborne seeds. B. Coconut with husk around a
woody case which helps in floating. C. Medusa with the sail
organ. D. Daphnia (zooplankton). E. Diatom (phytoplankton).
F. Dolphin. G. Flying Fish. H. Shark.
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Medium

Aquatic
Terrestrial
(freshwater or saline water) (air/gases)
Medium Properties

Density/viscosity

High

Low

Dissolved oxygen

Low (0.5%)

High (20%)

Force of gravity
experienced by the
organism

Low

High

Respiratory adaptations

Structures (gills, skin, etc) Structures (lungs) to
to absorb oxygen dissolved absorb Oxygen in air
in water. Supplementing
with cutaneous respiration.

Individual growth and
body size

Can grow quite large

Usually small/medium

Forward movement

Energetically expensive

Energetically cheaper

Locomotory adaptations

Body shape streamlined
to minimize drag

Greater need for organs
of balance maintenance

Table 1. Some relevant physico-chemical characteristics of terrestrial and aquatic environments and the
manner in which they have a bearing on life processes.

aquatic organisms, both these forces are in operation, but because
of the buoyancy of the medium the gravitational pull is considerably less in magnitude. However, as far as the forward movement
is concerned, the drag forces tend to act upon them immediately
when they move. Simple mechanics tells us that in such a situation, large amounts of force would be required to bring a body in
motion from a position of rest, but once it is in motion (cruising)
much less force would be required to sustain that movement.
(More or less the same idea, based on Newton’s laws of motion,
holds for the gear shifts in a car.) The streamlined shape of fishes
and the mucous coating over their bodies are all adaptations for
reducing drag forces.
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Countering Gravity
The situation in terrestrial environments is reverse where forward
movement is not so expensive, in energetic terms, as is counteracting the forces of gravity. This means, as far as terrestrial
animals are concerned, beyond a point it would become very
expensive to grow bigger in size as it would require a strong
skeleton and muscles to bear that much additional body weight.
Organisms living in water are relatively free of such restrictions.
Extant terrestrial mammals such as elephants, large as they are,
cannot match the body size of aquatic mammals such as whales.
While the male African elephant (Loxodonta africana).is recorded to weigh about 6 tonnes [1], it is nearly 28 times lighter
than the blue whale (Balaenoptera musculus), which can weigh
up to 170 tonnes [2]. The possibility of acquiring mass is therefore immense in the aquatic environment. This, however, does
not preclude the possibility of terrestrial animals being large, but
then some unique factors are responsible for their sizes. A case in
point is the giant tortoise on islands, where some specific factors
– ‘island gigantism’ [3], tend to operate.
As we have noted above, the largest animals like the whales are
ocean dwellers. Their body mass is enormous but their skeletal
frame is only strong enough to withstand the forces operating in
an environment where buoyancy is high. If such huge creatures
come out of water, as it happens sometimes, i.e., when they get
stranded on the beach during the turning of the tide, then, as their
skeletal system snaps, they can be literally crushed under their
own weight. From time to time, we keep hearing of cases of
beaching of whales on the Indian coast [4]. Death in such situations can also happen due to asphyxiation or when high tide
covers the blowhole.
The influence of physical constraints imposed by the environment are ubiquitous and plants are equally affected. Gravity is
still the key factor and adaptations for withstanding forces of
gravity, such as a strong structural tissue is warranted. Therefore,
in comparison to their aquatic counterparts, terrestrial plants,
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As far as terrestrial
animals are
concerned, beyond a
point it would become
very expensive to
grow bigger in size as
it would require a
strong skeleton and
muscles to bear that
much additional body
weight. Organisms
living in water are
relatively free of such
restrictions.

If huge creatures
like whales come
out of water, as it
happenssometimes,
i.e., when they get
stranded on the
beach during the
turning of the tide,
then, as their
skeletal system
snaps, they can be
literally crushed
under their own
weight.
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especially those species which grow quite large in height, invest
heavily in structural tissue (xylem). Yet, due to the buoyancy
afforded by the medium, aquatic plants have little need to invest
in woody tissue. Anyone who has maintained an aquarium with
water plants in it would have noticed how plants like Vallisneria
and others, which look beautiful and ‘full of shape’ under water,
collapse and loose their form when water is drained from the
vessel in which they are displayed.
Adaptations at the Physiological Level
Since animals require moving about in different ways, viz.,
cruising, sprinting, their skeletal muscle tissue – responsible for
voluntary movements – is very heterogeneous. Principally, it is
composed of slow, contracting ‘red’ fibres (because of their
higher vascularisation and consequently their higher myoglobin
content they tend to have a red colour) and fast contracting
‘white’ fibres (poor vascularisation and consequently lower myoglobin content). While the former uses the pathway of aerobic
metabolism for the production of ATP (energy packets in the
cells), the latter uses anaerobic glycolysis (Table 2). Aerobic
pathways, represented by the TCA cycle or the Krebs’s cycle,
first convert glucose into pyruvate by glycolysis and then completely oxidize it to CO2 and H2O using molecular oxygen. In
anaerobic glycolysis, the muscles use glycogen to generate ATP
with lactate as the end product. In the event of a sprint, lactate

Table 2. Thedifferences
between the slow and
fast muscle fibres.
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Parameters

Slow fibres

Fast fibres

Colour
Metabolism
Precursor
End Products
Fibre diameter
Power generation
Sustainability
Vascularisation

Red
Oxidative
Glucose/Fats
H2O, CO2
Small
Small
Long term
High

White
Anaerobic Glycolysis
Glycogen
Lactate
Large
Large
Short term
Low
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tends to accumulate in high concentrations and is slowly converted
by the liver into glucose during a ‘rest’ or ‘recovery’ phase. The
excess oxygen consumed in the recovery period represents the
repayment of the oxygen debt [5].
The Musculature of Fishes
Fishes, moving in water encounter drag forces, which can be of
considerable magnitude. If sudden movement is required to catch
prey or escape predators in a viscous medium, it is only possible
by the contraction of fast, white muscle fibres, which rely on
anaerobic glycolysis pathways. Therefore, it is not surprising that
fishes have huge amounts of ‘white’ fibres in their myotomal
mass which is rich in glycogen and can be rapidly mobilized by
anaerobic pathways for ATP generation (Figure 1). Because of
its large size, the myotomal mass cannot have a high density
capillary network. But the slow contracting red fibres which rely
upon oxidative pathway and yield much more ATP per mole of
substrate, require a network of capillaries. Therefore, in most
fishes these two types of fibres, each with different properties, are

Figure 1. Transverse section of common carp
(Cyprinus carpio) myotomal muscle. The bulk of the
myotomal mass consists of fast contracting white
fibres while the red fibres are localized in the form of
a cone at the region of the lateral line. The
photomicrograph’s on the left shows the red muscle
cone with the lateral line running through it. The upper
section has been stained for the oxidative enzyme
Succinic Dehydrogenase (SDH). Arrow indicates red
small diameter fibres (R). The intermediate or pink
fibres are marked P while the anaerobic white or fast
fibres are marked W. Note different levels of SDH
activity in different types of fibres. The lower section
shows the activity of the enzyme myofibrillar ATPase
(m-ATPase) which shows the reverse activity pattern
in the red fibres compared to SDH. While these fibres
stain weakly, the pink and white fibres stain well for mATPase. Source of the photomicrographs [6].
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Wetland organisms
live in an environment
which is neither fully
aquatic nor completely
terrestrial, but a
mixture of the two.

segregated. The slow contracting but highly vascularised ‘red’
fibres are stacked in the form of a cone in a transverse section, at
the region of the lateral line while the fast contracting white fibres
tend to occupy the bulk of the myotomal mass [6]. This is of
course a generalization in that many fishes have red fibres embedded in their myotomal mass. Also, there is usually a third fibre
category, known as ‘pink’ fibres which are intermediate between
the two extremes, red and white fibres, in terms of their characteristics.
Inhabiting Two Worlds: Wetland Organisms
Wetland [7] organisms live in an environment which is neither
fully aquatic nor completely terrestrial, but a mixture of the two.
The Ramsar Convention defines wetland as, “Areas of marsh, fen,
peatland or water, whether natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish or
salt, including areas of marine water the depth of which at low
tide does not exceed six metres”. Note that this definition touches
upon all aspects of wetlands and covers a variety of water-logged
areas or land areas that are wet. Besides being shallow there is
also an element of ‘impermanence’ of water in a wetland in that
the water level fluctuations can vary both seasonally (say before
and after the monsoon rains) and diurnally (in coastal areas due to
the tides). So there is a submerged phase when a wetland is not a
wetland and a phase at low tide, when the shore is exposed and a
wetland comes into being.
The Ramsar definition also clarifies upon the land part of wetland, which here means the substrate. This can be anything, viz.,
sand, coral, rocks, and the resultant wetland could be marsh, fen,
peat land, etc. The biota of wetlands is quite diverse as the
animals and plants from both the terrestrial and aquatic worlds
inhabit them, due to an edge-effect. Fishes, inhabitants of the
watery world, have several adaptations for an aquatic existence
and some have already been discussed above. The plants too
posses interesting adaptations, a good example of which is man-
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groves [8]. Birds chiefly belonging to taxa Charadriiformes (waders) and Anatidae (waterfowl) are generally an important component of wetland biota.
The Mudskipper:Unique Adaptations for a Wetland
Existence
Wetland organisms inhabit a rapidly changing environment which
is aquatic at one moment and terrestrial at another. One type of
fish which serves to illustrate very well the unique adaptations of
wetland organisms is the mudskipper (Figure 2). These creatures
(Boleophthalmus, Periophthalmus, Periophthalmodon etc) are
denizens of the intertidal zone and are truly unique creatures.
Although taxonomically they are all fishes (family Gobiidae)
they behave like ‘semi-terrestrial’ organisms, which suits their
lifestyle in the habitat lying at the junction of land and the sea [9,
10]. In this wet terrestrial environment, mudskippers defend
territories against rivals and obtain their food by catching insects
or invertebrates flying about in the air. Like fishes they have gills
for respiration but these are very rudimentary and the bulk of
oxygen uptake occurs through cutaneous respiration (skin is
accordingly slimy and wet to facilitate gas exchange processes.)
Infact, they can literally drown if submerged in water for a long

Figure 2. Mudskipper in their
intertidal habitat. Note the
modified pectoral fins which
hold the body in a stable position. The eyes are on top of
the head, keeping an eye on
the happenings in the terrestrial world. The tail and lower
parts of the body are always
in contact with water, facilitating cutaneous respiration.
Source [11].
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An interesting feature
of this fish is that its
eyes are placed on
the top of the head,
instead of sideways
as is the case with
most fishes.

To maintain
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time. Yet, in their intertidal habitat, mudskippers are seldom away
from small pools of water which form in the sand as the tide
recedes. Their tail which is heavily vascularised to facilitate gas
exchange is always dipped in water.
An interesting feature of this fish is that its eyes are placed on the
top of the head (Figure 2), instead of sideways as is the case with
most fishes. This is largely because in the terrestrial-aquatic
interface, the danger is likely to come from above. Interestingly,
while the eyes are well adapted for aerial vision, they function
poorly under water. The eyes are placed in cups formed from skin
folds which are filled with water. Since the eyes can become
easily dehydrated by exposure to the air, they can be retracted into
this cup and moistened as and when required.
To maintain balance and move on land, the animal requires
structures similar to limbs. A lot of fishes have modified pectoral
fins which serve the function of rudimentary limbs, particularly
Dipnoi or the lungfishes. But in Dipnoans, the modified pectoral
fins are bereft of an internal skeleton. Without bones or cartilage,
the fins are not strong enough to support the body weight,
especially when the animal is on land. We know from the evolutionary history of vertebrates [12,13] that the first attempt in this
direction, i.e., evolution of vertebrates from water to land, is
exemplified by Coelocanths (Latimeria), which have a rudimentary internal skeleton in the pectoral fins (hence the name ‘lobe
fins’), besides several other structural adaptations. In the case of
mudskipper, being a true fish, it is too early in its phylogeny for
the pectoral fins to have evolved substantially to support the body
weight or even enable the animal to walk. At the most they are
useful for maintaining position on land and much of the movement happens by jerks of the body musculature, jumping off from
one spot and landing a few feet away.

balance and move
on land, the animal

Conclusion

requires structures
similar to limbs.

By employing simple principles of biology and physics we can
appreciate how the medium exerts a strong influence on life
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forms, resulting in interesting adaptations for locomotion, body
size, respiration, balance etc. Since wetlands have properties of
both the aquatic and terrestrial habitats, several life processes of
wetland organisms display adaptations to an existence in rapidly
changing habitats, having elements of both the two worlds.
Mudskippers, being true fish, cannot be on the line which led to
the evolution of terrestrial vertebrates (since no extant taxa,
including the Dipnoans, can claim that spot [13]). However, like
several other fishes which have structures for survival on land
(say ‘accessory breathing’ organs) mudskippers provide for a
good case study of adaptations for survival in coastal wetlands.
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