Animal Communication: Principles and Modalities

Animal communication represents the transfer of information from one or
more individuals (senders) to one or more other individuals (receivers),
eliciting specific behavioural or physiological responses. Unlike human
language with its abstract symbolic complexity, animal communication
typically conveys information about immediate environmental circumstances, =N
threats, food sources, or reproductive status. The study of animal -
communication, termed zoosemiotics, was advanced significantly by ik W
pioneering ethologists including Nike Tinbergen, who developed the \f
framework for understanding how communication systems evolve and Niko(m?i;ggﬂge"
function.

Communication systems involve three essential components: the signaler (individual emitting the
signal), the receiver (individual receiving the signal), and the signal itself (the behaviour or substance
emitted). Signals have evolved through natural selection because they provide adaptive advantages
to both senders and receivers, though conflicts of interest can also shape communication systems.
The evolutionary development of communication structures includes some of the most striking
morphological and behavioural adaptations in nature, such as the peacock's elaborate tail display,
the antlers of stags, and the complex vocalizations of whales.

Fundamental Principles

» Intraspecific and Interspecific: Communication can occur within a species (intraspecific),
facilitating mating, defends, and social coordination, or between species (interspecific), such
as the warning coloration of wasps signalling toxicity to predators.

» Evolutionary Drivers: Signals evolve because they provide adaptive advantages. This has led
to remarkable adaptations like the peacock’s tail, stag antlers, and whale songs.

TYPES OF COMMUNICATION

» Intraspecific communication
° communication within a single species
Eg. Honeybee dance
» Interspecific communication
> Prey to predator
Eg. warning colouration in wasps
> Predator to prey
Some predators communicate to prey make

them easier to catch, in effect deceiving them.
Eg. Angler fish
° Human/animal communication

During domestication of animals



Modes of

Communication

Animals have evolved to use a variety of sensory channels for communication, with the effectiveness of each depending on the environment and the
species' biology.

Communication
Mode

Description & Key Functions

Examples

Visual

Visual signals involve the transmission
of information through coloration,
posture, movement, and
morphological displays. These signals
are particularly effective in well-lit
environments and over moderate
distances where visual acuity permits
detection.

Peacock: The male peacock's ornate tail feathers contain microscopic structures that produce iridescent
coloration through light interference rather than pigments. When attracting mates, peacocks vibrate their
feathers at approximately 25 times per second, creating a shimmering visual spectacle enhanced by eyespot
patterns.

Auditory

Transmission of information through
sound. Effective over long distances
and where visual contact is
impossible.

o e

Prairie Dogs: Highly complex calls systems that encode information about predator type, size, speed, and even
colour, representing one of the most information-rich vocal communication systems documented in non-primate
mammals




Chemical

Chemical signals, termed
pheromones, are secreted substances
that elicit specific responses in
conspecifics. Pheromones are
particularly prevalent among social
insects but are also widespread in
mammals, fish, and other taxa. These
chemical messages can convey
information about reproductive
status, individual identity, territorial
boundaries, alarm states, and
resource locations.
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In social insects, queen pheromones play critical roles in regulating colony reproduction and maintaining social
cohesion. The queen honey bee produces 9-oxodecenoic acid, which inhibits ovary development in workers and
prevents them from rearing additional queens, while also serving as a sex attractant during mating flights. These
gueen signals are chemically similar across diverse ant, bee, and wasp species.




Physical contact transmits information
in species ranging from insects to
mammals. In social primates,

Tactile . . .
grooming represents a primary tactile
behaviour that serves both hygienic
and social functions.
Electric
¢ organ
Electrical: Electric fish (Gnathonemus petersii) generate and detect electrical fields for species and sex
identification.
Lo Less common modalities used by
Specialized

specific taxa.

Vibrational: Water spiders use ripple patterns to signal identity. Insects use substrate-borne vibrations through
plant stems.




The Dance Language of Honey Bees

Hive talkin' NewsScie
The honeybee's waggle dance is among the most impressive pieces of animal
communication ever discovered, but has its significance been overblown?
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Fig: Diagram explaining the honeybee waggle dance used for communication of food location relative
to the sun

The honey bee dance language represents one of the most remarkable communication systems in
the animal kingdom, earning Karl von Frisch the Nobel Prize in Physiology or Medicine in 1973. This
symbolic communication system enables forager bees to convey precise spatial information about
resource locations to their nestmates, a capacity once thought to be uniquely human. Von Frisch's
systematic experiments, beginning in 1919 and extending through the 1940s, investigated how bees
use stereotyped movement patterns to represent abstract information about distance and direction.

The type of dance performed depends on the distance to the resource. These forms represent a
continuum, with thresholds varying between honey bee subspecies.

I.  The Round Dance: Used for nearby food sources (less than 50-100 meters).

» It signals the presence of a food source nearby but provides no directional
information.

» The bee moves in tight circles, alternating clockwise and counter-clockwise.

» The vigour and duration of the dance correlate with the food's quality (e.g., sugar
concentration). Recruits detect floral odours on the dancer's body and use these
olfactory cues to find the correct flower species in the vicinity of the hive.

Il.  The Waggle Dance: Used for distant food sources.

> It encodes both the distance and direction of the resource.



» A figure-eight pattern with a central "waggle run," during which the bee waggles her
abdomen laterally at 13-15 times per second and produces wing vibrations at appx.
280 Hz.

Encoding Distance and Direction

The waggle dance is a remarkable system of communication that translates flight information into
movement.

I.  The distance to the food source is encoded by the duration of the waggle run.

> A longer waggle run signifies a greater distance.

> For example, a bee might perform 8-9 circuits in 15 seconds for a source 200 meters
away, but only 3 circuits for a source 2,000 meters away.

> Bees measure distance using visual odometry, integrating the optic flow of the
landscape as they fly.

II.  The direction to the food source is encoded by the angle of the waggle run relative to gravity
(vertical) on the comb.

» This system translates the angle between the sun's azimuth and the food source into
an angle relative to vertical.

Upward waggle: Fly directly towards the sun.
Downward waggle: Fly directly away from the sun.

60° left of vertical: Fly 60° to the left of the sun's current position.
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Bees possess a time-compensated sun compass, allowing them to adjust the dance
angle throughout the day to account for the sun's movement.



Aggregation: Costs and Benefits of Group Living

Animal aggregation is the gathering of individuals into groups, driven by resource availability or
active social attraction. This behaviour is a trade-off between significant survival and foraging
benefits and the costs associated with group living.

Benefits of Aggregation

Benefits

Mechanism

Examples

Reduce
Predation Risk

Individual risk decreases as group
size increases (e.g., 1% risk in a
group of 100 vs. 50% in a group of
2).

Mass movement makes it difficult
for predators to target an individual.
Group Defends. Collective mobbing
or attacking of predators.

Fish schools and bird flocks use
coordinated movement to confuse
predators. Birds mob raptors to drive
them away.

Foraging
Efficiency

Following successful individuals to
resource location.

Attacking prey that is too large or
difficult for a single individual.

Orcas use coordinated tactics to hunt
whales or wash seals from ice floes.
Humpback whales use "bubble-net
feeding" to trap fish.

Environmental

Huddling to reduce individual heat
loss.
Buffering against environmental

penguins form tight huddles to survive
Antarctic winters, rotating positions

overwhelms predators' capacity to
consume offspring.

Buffering ) . . . from the cold exterior to the warm

factors like desiccation (moisture . .

. interior.
depletion).
I Facilitates locating mates, especially
] at low population densities. Colonial nesting in birds provides

Reproductive . . .
Benefits Il. Synchronized reproduction opportunities for mate assessment and

communal defends of young.

Costs and Dynamics of Aggregation

While beneficial, aggregation also cause significant costs:

e Increased Competition: More individuals competing for the same local resources.

o Disease/Parasite Transmission: Higher contact rates facilitate the spread of pathogens.

e Reproductive Interference: Dominant individuals may suppress the mating of subordinates.

¢ Increased Conspicuousness: Large groups may attract more predators.




Eusociality in Insects: The Pinnacle of Social Organization

Eusociality is the most advanced level of social organization in animals, defined by three core
characteristics:

1.

2.

3.

Cooperative Brood Care: Individuals care for offspring that are not their own.
Overlapping Generations: Multiple generations coexist, allowing offspring to assist parents.

Reproductive Division of Labor: A specialized reproductive caste (queens) coexists with a
largely non-reproductive worker caste.

This social structure, found in all ants and termites and many species of bees and wasps, has enabled
these insects to achieve immense ecological dominance.

Caste Systems and Division of Labor

honeybee
(Apis mellifera)

Reproductive Castes (Queens/Kings): One or a few individuals monopolize reproduction.
Queens are often larger and physiologically specialized for massive egg production. They
regulate the colony through queen pheromones, which suppress worker reproduction and
signal the queen's health and presence.

Worker Castes: Perform all non-reproductive tasks, including foraging, nest maintenance,
and brood care. Division of labour among workers is often organized by:

Just emerged! Clean out dirty

Forage for nectar,
honeycomb

> Age Polyethism: Tasks pollen, water
change as an individual
ages. In honey bees,
young workers perform o,
in-hive tasks like cell 1 week | Feed larvae
cleaning, while older S,
workers graduate to more corpses
dangerous foraging and
guarding duties.

Dies at 5-7
weeks

Build
honeycomb

Guard the Zweeks

hive

Receive food from
incoming foragers



ll.  Soldier Castes: Found in many termite and ant species, and even some bees (Tetragonula
angustula), these individuals are morphologically adapted for defends, possessing powerful
mandibles or chemical weaponry.
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Communication, Coordination, and Evolution

Colony cohesion and efficiency are mediated primarily by a complex chemical language.

I. Pheromones: Mediate nearly all aspects of colony

life. pheromopes
o Trail Pheromones: Used by ants and 7 1
termites to recruit nestmates to food. The
system includes positive feedback -
(reinforcing good trails) and negative - A
feedback (pheromone decay and reduced ‘I "
deposition on crowded trails) to optimize ®Q
foraging. . €
D¢

o Alarm Pheromones: Trigger rapid, coordinated defensive responses to threats.

Il. Evolution of Eusociality: Primarily explained by inclusive fitness theory (kin selection). In
Hymenoptera (ants, bees, wasps), the haplodiploid sex-determination system results in
sisters sharing 75% of their genes. This high relatedness may have favoured the evolution of
altruistic worker behaviour, as helping a queen (their mother) produce more sisters was a
more efficient way to pass on their genes than reproducing themselves. Ecological factors
like defensible nests and high predation pressure also create strong selective pressures for
cooperative living.



