
Adaptations are specific characteristics of a living thing that 
increases the likelihood of its species survival in its habitat. 
Each species has their own suite of adaptations that can be 
broadly grouped into three categories: structural, functional, 
and behavioural. Many adaptations can be more than one type. 
For example, viviparous reproduction involves giving birth to 
live young. This involves the structural adaptation of a womb 
and may involve the behavioural adaptation of maternal care 
of young. 

For more information on the variety of adaptations seen in fish 
in Western Australia, check out Fact Sheet: Fish Adaptations on 
our MarineWaters website.

See-through animals

One structural adaptation exhibited by several animals in the marine 
environment is transparent body tissues. In the spirit of National Science 
Week theme for 2022 - ‘Glass - more than meets the eye’, we are referring 
to these animals as ‘glass animals’, even though only one of the species 
included in this resource has a silica skeleton. Many marine species 
exhibit transparency during their larval stages to help avoid predation, but 
it can be a useful adaptation for marine species at any age. Due to the 
lack of hiding places available to animals in the open ocean, transparent 
body tissues can help them avoid predation or even be a more successful 
predator themselves.

Another adaptation commonly found among transparent marine organisms 
is bioluminescence. This phenomenon is primarily observed in marine 
organisms, with 80% of bioluminescent species found in the world’s oceans. 
Bioluminescence is a biochemical reaction that causes an organism to 
emit light. This reaction varies among organisms but can generally be 
described as the oxygenation of the compound luciferin and the enzyme 
luciferase. Some species have bioluminescent systems that only emit light 
in the presence of magnesium or calcium, allowing the animal to precisely 
control the timing of light emission. Bioluminescence may aid an organism 
in communication, feeding, and/or reproduction and can be a functional or 
behavioural adaptation.

Reproductive mode is another adaptation of all living things that helps 
ensure the species’ continued survival. Animals in the marine environment 
utilise a range of reproductive modes to maximise the long-term success 
of their species. Asexual and sexual reproduction are both common and 
many species can do both. Being able to reproduce asexually or sexually 
can be advantageous in the marine environment, where mates may be few 
and far between and periods of low food availability may occur.
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Glossary 

Adaptation: A characteristic 
of an organism that increases 
its likelihood of survival in its 
environment. These can be: 

Structural: Physical 
characteristics such as colour, 
body shape and eye size
Functional: Physiological 
processes such as poisons, 
colour change and mucous 
secretion
Behavioral: Actions such as 
schooling or warning signals

Aphotic zone: An area where 
there is little or no natural light; 
generally, beyond 1000m in depth 
in the ocean

Asexual reproduction: A mode of 
reproduction that does not involve 
the meeting of gametes 

Bioluminescence: A process by 
which a living organism emits light 

Broadcast spawning: A mode 
of sexual reproduction in which 
gametes are released into the 
surrounding environment to 
be fertilised outside the parent 
organisms

Budding: A mode of asexual 
reproduction in which new 
organisms are formed from the 
parent organism’s body; offspring 
are mostly genetically and 
morphologically the same as the 
parent organism 

Carbon sequestration: The 
process by which carbon dioxide 
is removed from the atmosphere 
and contained in a liquid or solid 
material 
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Glass sponges (phylum: Porifera)

Sponges, like many animals, are multicellular, heterotrophic and lack cell 
walls. Unlike many animals, though, sponges lack hearts, brains, and lungs. 
Glass sponges are a group of animals that are primarily found in deep-sea 
waters. Their skeletons are made of a lattice of silica spicules and organic 

compounds, providing a strong 
structure for the body’s tissues 
that also causes the sponge to 
“glow’ in its dark surroundings. 
It is estimated that there are 
approximately 500 glass sponge 
species, but there may be many 
more. 

Like other groups of sponges, 
glass sponges can reproduce 
asexually or sexually, which is 
advantageous in the vast, largely 
uninhabited deep-sea floor. 
Scientists speculate that some 
of these sponge tissues live an 
immortal existence. When tissue 
is broken off the body of a sponge, 
it can latch onto another sponge 
and regenerate. While this isn’t 
uncommon in sponges, it is an 
important adaptation for such a 
fragile, slow growing species. 

Glass octopus (phylum: Mollusca)

The glass octopus is a rare species that dwells primarily in the aphotic 
zone of tropic and subtropical waters. 

The transparent body of the glass octopus, allows it to stay hidden from 
prey and predators. However, this adaptation also makes it difficult for the 
glass octopus to find a partner for reproduction. To combat this, it uses 
bioluminescence to make its body ‘glow’, allowing it to find mates in its 
dark environment. Once a mate is found, internal fertilisation occurs 
through sexual reproduction. As glass octopuses are ovoviviparous, 
offspring develop inside eggs in the female’s mantle cavity. They ‘hatch’ and 
are released by the female, who dies soon after finishing her reproductive 
cycle. Ovovivipary is not commonly found in octopuses but is a functional 
adaptation that provides the offspring with greater parental care than 
oviparous octopuses. Therefore, glass octopuses offspring have a greater 
chance of reaching adulthood. 

You can view a video of the glass octopus in its deep-sea environment here. 

Euplectella aspergillum, or the Venus 
flower basket, is a species of glass 
sponge possessing optical properties 
superior to commercial fibre optics. 
The Australian Museum has stated, 
“Scientists at Bell Laboratories say they 
are hoping to duplicate the sponges’ 
biological processes to produce better 
fibres and systems but admit that 
‘modern technology cannot yet compete 
with some of the sophisticated optical 
systems of biological organisms.’”

Fertilisation: An event which 
occurs during sexual reproduction 
of most plants and animals; the 
fusion of male (sperm) and female 
(egg) gametes to form a zygote

Gametes: Cells produced by 
males (sperm) or females (eggs) 
that carry genetic information to 
produce offspring

Hermaphroditic: An animal that 
has both male and female sex 
organs or the ability to change 
the sex of their reproductive 
organs at a certain stage of their 
development

Heterotrophic: An organism that 
derives is nutrition from external 
sources (in contrast to autotrophic 
organisms that meet their 
nutritional needs through photo- or 
chemosynthesis)

Notochord: A cartilaginous skeletal 
rod that supports the body during 
the embryonic stage of all chordate 
animals; develops into the bony 
spine of many vertebrate animals 

Oviparous animals: Sexually 
produce young by eggs which 
hatch after they have been laid 
(e.g. sea turtles)

Ovoviparous animals: Sexually 
produce young by means of eggs 
which are hatched within the 
body of the parent (e.g. the glass 
octopus and some shark species)

Photic zone: An area where there 
is natural light; generally, 0-1000m 
in depth in the ocean

Plankton: Organisms that drift 
or float through open water 
(in contrast to nekton, which 
are organisms that can swim 
independently of water currents) 
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Immortal jellyfish (phylum: Cnidaria)

The immortal jellyfish, Turritopsis dohrnii, is a very small, bell-shaped 
species of sea jelly found in deep-sea waters. Adult T. dohrnii measure 
a mere 4.5mm wide with transparent outer body tissues and bright red 
bioluminescent digestive tissues.

The immortal jellyfish exhibits 
transdifferentiation, a cell-
altering process that allows it to 
transform cells into other types of 
cells. This means they can change 
muscle cells into sperm cells, or 
nerve cells into muscle cells. This 
ability to alter the differentiation 
of cells gives the jellyfish greater 
adaptability to environmental 
pressures and predation. T. 
dohrnii can also utilise an age-
reversal process that is the closest 
phenomenon to immortality on the 
planet. After reaching maturity and 
sexually reproducing as adults, T. 
dohrnii wind back their biological 
clock and return to their juvenile 
stage, allowing them to live many 
lifespans.

Barreleye fish (phylum: Osteichthyes)

The barreleye fish, Macropinna microstoma, is a deep-water fish that 
typically resides at depths of about 800-1000m where the photic zone 
is transitioning into the aphotic zone. M. microstoma reproduce sexually 
using broadcast spawning, a type of reproduction in which males and 
females release their gametes, eggs and sperm, into the water column to 
be externally fertilised. Successfully fertilised eggs will produce larvae that 
descend into the depths as they grow, feeding on plankton and organic 
material, until settling into their ideal habitat.

The tubular eyes of M. microstoma appeared to be solely positioned 
dorsally, or upwards, toward the ocean surface far above, even though the 
fish has a small, terminal mouth to consume prey directly in front of its body. 
This structural feature piqued the curiosity of researchers who wondered, 
‘How do they see what they are eating if their eyes are always positioned 
above them?’ As it turns out, M. microstoma can rotate its eyes from dorsal 
view to rostral view (mouthward). The combination of rotatable eyes and 
transparent tissues in the place of cranial bones allows the barreleye fish 
to avoid being approached by predators from above. This unique structural 
adaptation is unlike any other vertebrate eye.

Predation: a biological interaction 
where one organism, the predator, 
kills and eats another organism, its 
prey

Sexual reproduction: A mode 
of reproduction that involves the 
meeting of gametes from two 
differently sexed individuals and 
the combining of their genetic 
information to produce genetically 
unique offspring

Silica: A hard, colourless 
compound which can be primarily 
found in sandstone and other rocks

Transparent: A characteristic of a 
material indicating that light passes 
through so that objects beyond 
may be observed

Transdifferentiation: Also known 
as lineage reprogramming, this is 
a process by which a mature cell 
transforms into another cell type 

Viviparous animals: Sexually 
produce live young which have 
developed inside the body of the 
parent  (e.g. whales)
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Understanding the biological 
mechanisms that enable the 
immortal jellyfish to alter a 
cell’s differentiation (functional 
purpose) and transdifferentiation 
may aid medical researchers in 
understanding cell biology and 
ageing effects and curing cancer. 

Check out deep-sea footage 
from The Monterey Bay 

Aquarium Research Institute 
(MBARI) of Macropinna 

microstoma here

https://www.youtube.com/watch?v=RM9o4VnfHJU


Sea angel (phylum: Mollusca)

Sea angels are a family of swimming sea slugs that reside in all world oceans 
and constitute a significant part of marine plankton. Sea angels are part of the 
pteropod (meaning “wing-foot”) family of molluscs and derive their name from their 
two parapodia that resemble wings. Parapodia, extensions of the foot used as a fin 
for locomotion, are a common structural adaptation in sea slugs and other molluscs. 
The bodies of sea angels are composed of a mostly transparent, gelatinous 
material. Like many planktonic organisms, sea angels exhibit bioluminescence.  

Sea angels aggregate together once a year to sexually reproduce, spawning 
hundreds of larvae that resemble miniature adult sea angels, then disperse into the 
ocean depths. They can survive without food for more than six months and adapt 
to these periods by significantly reducing their body mass.

Sea salps (phylum: Chordata)

As a chordate, sea salps are the second closest relative, behind the 
barreleye fish, to humans from our glass animals. They are the closest 
living relatives to vertebrates due to the presence of a notochord, a 
rod-like structure made of cartilage, supporting their body. Salps play 
a major role in carbon sequestration and are key sources of food for 
over 200 marine species. Their transparent, gelatinous bodies have 
up to 95% water content, compared to humans, which have a water 
content of 60-70%. 

Sea salps are hermaphroditic and change sex according to the 
stage in their reproductive cycle. They alternate between asexual 
and sexual reproduction. Female sea salps reproduce asexually by 
budding. The embryos, which are genetic clones of the mother, form 
a colony of up to 80 individuals which join to create a chain. Some 
of these individuals mature and grow testes, becoming male, and 
reproduce with female sea salps. The resulting offspring are entirely 
female, and the cycle starts all over again. 

Sea salps utilise the same form 
of movement as space shuttles: 
jet propulsion! A sea salp moves 

by contracting and pumping water 
through its body and is one of 

the most efficient examples of jet 
propulsion in the animal kingdom. 
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