
Octopuses
This lesson explores the biology, cognition, and evolutionary significance of

octopuses, covering their unique nervous system architecture, color-changing

mechanisms, reproductive strategies, deep-sea adaptations, and the ethical

implications of their remarkable intelligence.
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Octopuses belong to the class Cephalopoda, a lineage that diverged

from other mollusks over 500 million years ago during the Cambrian

period. Unlike their shelled ancestors, modern octopuses have

almost entirely abandoned external shells, a trade-off that granted

them extraordinary flexibility and predatory agility. The sole

exception is the argonaut, sometimes called the paper nautilus,

whose females secrete a thin, shell-like egg case that is not

homologous to true mollusk shells. Genetic studies have revealed

that octopuses possess roughly 33,000 protein-coding genes—more

than humans—largely due to massive expansions in gene families

related to neural development. Particularly striking is the

unprecedented proliferation of protocadherin genes, which in

vertebrates are critical for neuronal wiring and synaptic specificity.

This genomic complexity hints at convergent evolutionary pressures

that independently drove sophisticated nervous system

development in both cephalopods and vertebrates.

Spells: FLEXIBILITY, AGILITY, CONVERGENT

To which class do octopuses belong? CEPHALOPODA

During which period did the Cephalopoda lineage diverge from other mollusks? CAMBRIAN PERIOD

What have modern octopuses almost entirely abandoned? EXTERNAL SHELLS

Which octopus species secretes a thin shell-like egg case? ARGONAUT

Which genes show unprecedented proliferation related to neural development? PROTOCADHERIN

GENES

Roughly how many protein-coding genes do octopuses possess? 33,000

What geological era contained the Cambrian period? PALEOZOIC

What word comes to mind when you think of an animal with no shell but incredible flexibility?

Name one advantage you imagine flexibility could provide to a predator like an octopus.

What is one trait you associate with a highly developed nervous system?

Describe a scenario where losing a protective shell might benefit an animal in its environment.

How do you think having more protein-coding genes than humans might influence an octopus’s

abilities or behaviors?
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What do you imagine could be a surprising similarity between octopus and human brain development

based on their shared evolutionary pressures?

The octopus nervous system is arguably the most alien intelligence

on Earth, with approximately 500 million neurons distributed in a

radically decentralized architecture. Roughly two-thirds of these

neurons reside not in the central brain but in the arms themselves,

forming semi-autonomous ganglia that can process sensory input

and execute motor commands independently. This means an

amputated octopus arm can continue to react to stimuli, grasp

objects, and even attempt to pass food toward where the mouth

would be for up to an hour after severance. The central brain, a

donut-shaped structure wrapped around the esophagus,

coordinates higher-order decision-making but delegates much of the

computational workload to the periphery. This architecture creates a

fascinating problem of self-recognition: octopuses must

neurochemically distinguish their own arms from prey, a task

accomplished through chemical signals in the skin that inhibit sucker

adhesion to self-tissue. Researchers have likened this distributed

cognition to a network of semi-independent processors, challenging

our vertebrate-centric assumptions about what constitutes a unified

mind.

Spells: DECENTRALIZED, AUTONOMOUS, NEUROCHEMICALLY

Roughly how many neurons are in the octopus nervous system? 500000000

Where do roughly two-thirds of the neurons reside? ARMS

For up to how long after severance can an amputated arm react to stimuli? 1 HOUR

Around which structure is the central brain wrapped? ESOPHAGUS

What in the skin inhibit sucker adhesion to self-tissue? CHEMICAL SIGNALS

What shape describes the central brain? DONUT-SHAPED

What specialized junction connects motor neurons to muscle fibers? NEUROMUSCULAR

JUNCTION

What word would you use to describe a mind that operates in multiple parts at once?

Name one human activity that might resemble a decentralized system like the octopus nervous

system.

What is one emotion you associate with discovering something as strange as a self-recognizing arm?

How would you explain the concept of a ‘unified mind’ if it’s not centered in one brain, using the

octopus as an example?

What do you think it might feel like for an octopus to have arms that can act independently from its

central brain?

Describe a situation where having a decentralized nervous system could be an advantage over a

centralized one in daily life.
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Chromatophores, the pigment-containing cells responsible for

octopus color change, operate through a mechanism fundamentally

different from the passive hormonal color shifts seen in chameleons.

Each chromatophore is essentially a tiny muscular organ: radial

muscles attached to an elastic pigment sac contract to expand the

sac and display its color, or relax to let it shrink to a near-invisible

point. Beneath the chromatophores lie iridophores and leucophores,

which manipulate light through structural reflection rather than

pigment, producing iridescent blues, greens, and whites that

chromatophores alone cannot generate. An octopus can activate

thousands of these cells independently and in milliseconds,

producing traveling waves of color called "passing clouds" that may

mesmerize prey or communicate with conspecifics. What makes this

even more perplexing is that octopuses are technically colorblind,

possessing only a single type of photoreceptor. Recent hypotheses

suggest they may perceive color through chromatic aberration in

their uniquely shaped pupils, effectively turning their entire eye into a

spectral analyzer.

Spells: IRIDESCENT, MESMERIZE, CONSPECIFICS

What pigment-containing cells enable color change? CHROMATOPHORES

What muscles contract to expand the pigment sac? RADIAL MUSCLES

Name one cell type beneath chromatophores that manipulates light via reflection. IRIDOPHORES,

LEUCOPHORES

What are the traveling waves of color called? PASSING CLOUDS

Through what may octopuses perceive color despite possessing only a single type of photoreceptor?

CHROMATIC ABERRATION

How many types of photoreceptor do octopuses possess? 1

What motor protein generates force in muscle contraction? MYOSIN

What word best captures the visual effect of an octopus changing color in waves?

Name one purpose you think color change might serve in the ocean.

What is one adjective you’d use for a creature that changes color despite being colorblind?

How do you think an octopus might use its color-changing ability to interact with other creatures in its

environment?

Describe what it might be like to see the world through an octopus’s eye if it perceives color in a

completely unique way.

What do you imagine could be the biggest challenge for an octopus in using color changes to

communicate if it can’t see color itself?

Octopus cognition extends well beyond reflexive behavior into

territory that challenges traditional boundaries between invertebrate

and vertebrate intelligence. Laboratory experiments have

demonstrated that octopuses can solve multi-step puzzles, unscrew
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jars from the inside, and use tools—such as carrying coconut shell

halves to assemble into shelters when needed. They exhibit

observational learning, a capacity once thought exclusive to social

vertebrates; an octopus that watches another individual solve a task

can replicate the solution without trial-and-error practice. Individual

personality differences are well-documented, with consistent

behavioral variations in boldness, exploration, and reactivity

persisting across contexts and time. Perhaps most provocatively,

octopuses engage in play behavior, repeatedly jetting objects like

bottles across their tanks in patterns that serve no apparent survival

function. These cognitive feats arise from a brain that evolved

entirely independently from the vertebrate lineage, making

octopuses a powerful natural experiment in alternative pathways to

complex intelligence.

Spells: COGNITION, REFLEXIVE, PROVOCATIVELY

What can octopuses unscrew from the inside? JARS

What do octopuses use—such as carrying coconut shell halves to assemble into shelters when

needed? TOOLS

What learning capacity do octopuses show by watching others? OBSERVATIONAL LEARNING

Name one consistent individual personality difference. BOLDNESS, EXPLORATION, REACTIVITY

What behavior involves repeatedly jetting objects like bottles? PLAY BEHAVIOR

From which lineage did the octopus brain evolve entirely independently? VERTEBRATE LINEAGE

What scientific discipline systematically studies animal behavior in natural contexts? ETHOLOGY

What word describes an animal that can solve puzzles like a human might?

Name one playful activity you think an octopus might enjoy in the wild.

What is one personality trait you’d imagine an octopus could have?

How do you think an octopus’s ability to learn by watching others might affect its survival in a

competitive environment?

Describe what it might be like to observe an octopus playing with an object just for fun, with no

survival purpose.

What do you think we can learn about intelligence by studying a creature whose brain evolved so

differently from ours?

The reproductive biology of octopuses is marked by a dramatic and

often fatal commitment to a single breeding event, a strategy known

as semelparity. Males deliver spermatophores using a specialized

arm called the hectocotylus, and in some species, such as the

argonaut, this arm detaches entirely and autonomously navigates

toward the female—a phenomenon that initially led scientists to

classify the severed arm as a parasitic worm. After mating, males

typically undergo rapid senescence driven by secretions from the

optic gland, a structure functionally analogous to the vertebrate
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pituitary. Females guard their eggs obsessively, aerating and

cleaning them continuously while forgoing all food, sometimes for

months or even years in deep-sea species like Graneledone

boreopacifica. This species holds the record for the longest known

brooding period of any animal: approximately four and a half years in

the cold waters of Monterey Canyon. The optic gland orchestrates

the female's post-laying self-destruction as well, ensuring that

maternal care persists until hatching but culminates inevitably in

death.

Spells: REPRODUCTIVE, SENESCENCE, OBSESSIVELY

What reproductive strategy involves a single fatal breeding event? SEMELPARITY

What specialized arm do males use to deliver spermatophores? HECTOCOTYLUS

What gland secretions drive post-mating senescence? OPTIC GLAND

What do females forgo while guarding and cleaning eggs? FOOD

Which species holds the record for longest egg brooding? GRANELEDONE BOREOPACIFICA

In which location was the longest brooding period recorded? MONTEREY CANYON

What reproductive strategy involves multiple discrete breeding episodes across a lifespan?

ITEROPARITY

What word captures the dedication of an octopus mother guarding her eggs?

Name one emotion you associate with a life strategy that ends in death after reproduction.

What is one word you’d use for a four-and-a-half-year wait for eggs to hatch?

How do you think an octopus female might feel or behave while protecting her eggs without eating for

years?

Describe what might drive an animal to sacrifice itself for its offspring, as octopuses do during

reproduction.

What do you imagine could be the evolutionary benefit of a single, fatal reproductive event for a

species like the octopus?

Deep-sea octopus species have revealed biological adaptations that

push the boundaries of what was thought possible for cephalopods.

The Dumbo octopuses of the genus Grimpoteuthis inhabit depths

exceeding 4,000 meters, where they propel themselves using ear-

like fins rather than the jet propulsion typical of shallow-water

species. At these crushing pressures, their cellular biochemistry

relies on elevated levels of trimethylamine N-oxide (TMAO), a

molecule that stabilizes proteins against pressure-induced

denaturation. The recently described Casper octopus, an unnamed

species found near manganese nodule fields at 4,290 meters, lays

its eggs exclusively on the stalks of dead sponges attached to these

nodules, making its reproductive success directly dependent on

deep-sea mining targets. Some deep-sea octopuses have also

evolved transparent or gelatinous bodies that minimize their visual
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signature in the perpetual darkness, trading muscular strength for

near-invisibility. These discoveries underscore how little we

understand about cephalopod diversity, with new species still being

described from virtually every deep-ocean expedition.

Spells: ADAPTATIONS, BIOCHEMISTRY, GELATINOUS

What genus includes the Dumbo octopuses? GRIMPOTEUTHIS

What depth in meters do Grimpoteuthis exceed in habitat? 4000

What structures do Dumbo octopuses use for propulsion? EAR-LIKE FINS

What molecule stabilizes proteins against deep-sea pressure? TMAO

At what depth in meters was the Casper octopus found? 4290

On the stalks of what do Casper octopuses lay eggs? DEAD SPONGES

What needle-like skeletal elements provide structural support in sponges? SPICULES

What word describes an animal adapted to survive in extreme ocean depths?

Name one feature you think would be essential for living in total darkness.

What is one term you’d use for a body that is almost invisible in its environment?

How do you think a transparent body might change the way a deep-sea octopus interacts with

predators or prey?

Describe what it might be like for a creature to rely on deep-sea mining targets for its reproductive

survival.

What do you imagine scientists might feel when discovering new octopus species in the uncharted

depths of the ocean?

The ethical and philosophical implications of octopus cognition have

begun to reshape policy and scientific practice in meaningful ways.

In 2021, the United Kingdom formally recognized octopuses as

sentient beings under the Animal Welfare (Sentience) Act, extending

legal protections previously reserved for vertebrates. This legislative

shift was informed by a comprehensive review concluding that

cephalopods experience pain not merely as nociception but with

affective, experiential dimensions—essentially, they likely suffer.

Research institutions increasingly require ethical review for

cephalopod experiments, applying frameworks once exclusive to

mammalian studies. Philosophers of mind have seized on the

octopus as a case study in embodied and distributed cognition,

arguing that its intelligence challenges Cartesian models that locate

the mind exclusively in a centralized brain. As we continue to probe

the depths of octopus consciousness, these creatures compel us to
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expand our moral and intellectual horizons, questioning the

anthropocentric criteria by which we have historically measured

minds worth protecting.

Spells: PHILOSOPHICAL, IMPLICATIONS, ANTHROPOCENTRIC

In what year did the United Kingdom recognize octopuses as sentient? 2021

Which country recognized octopuses as sentient under new legislation? UNITED KINGDOM

Name one dimension of cephalopod pain beyond nociception. AFFECTIVE, EXPERIENTIAL

What is increasingly required for cephalopod research? ETHICAL REVIEW

What models of mind does octopus intelligence challenge? CARTESIAN MODELS

In what is the mind not exclusively located, per octopus studies? CENTRALIZED BRAIN

What specialized sensory receptors detect potentially damaging stimuli? NOCICEPTORS

What word best describes a creature recognized as sentient after years of being overlooked?

Name one value you think should guide ethical treatment of intelligent animals.

What is one term you’d use for a mind that exists beyond a single brain?

How do you think recognizing octopuses as sentient might change the way we conduct research on

them?

Describe what it might mean for society if we started valuing non-human minds as much as human

ones, using the octopus as an example.

What do you believe we should consider when deciding which creatures deserve moral protection

based on their intelligence?
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