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Viruses are often described as having intentionality —
“The virus “wants” to invade a host cell, hijack its
machinery, and reproduce”.

It lacks the and
machinery needed for genuine cognition

A virus’s actions are fully determined by its genetic
design, with no flexibility or adaptation based on
environmental feedback.




Bacteria have shown themselves capable of semi-autonomous functional in
to environmental stressors

The bacteria are not internally complex enough to store and redeploy skills from past
experiences in novel situations. Every time bacteria face a challenge, they have to attempt
functional reorganization afresh

However, there is , and they
seen in animals that allow for robust
representational capacities... Or can they?



Honeybees exhibit behaviors that suggest they possess a
rudimentary capacity for representing their environment. They use
the famous not just the presence of
food, but its distance and direction relative to the hive

Bees can construct cognitive maps that encode

and rely on geometric representations of space.
Honeybees can also using landmark
information encountered during their travels.
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Honeybee arithmetic. a View of the Y-maze used for studying subtraction and addition capacities. The bees were
trained to collect sucrose solution within the maze, which could display a yellow or a blue numeric array at the
entrance (sample). If it was yellow (upper maze), the bee had to choose the array with one element less than the
sample (subtraction); if it was blue (lower maze), it had to choose the array with one element more than the
sample (addition). Stimuli were controlled to discard the use of low-level cues. b In transfer tests, bees were
presented with a sample array with 3 items, a numerosity never used during training. The correct numerosities
within the maze are indicated by a red circle. The two test alternatives could be either greater (or smaller) than
the sample (same direction) or be one smaller and one greater than the sample (opposite direction). ¢ Results of
the transfer tests with yellow or blue arrays with 3 items. Bees responded correctly and chose based on
subtraction when the array was yellow and on addition when it was blue, irrespective of the direction of the test
alternatives with respect of the sample. Modified from Howard et al. (2019); courtesy of Scarlett Howard
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This decision-making process shows that the bees were engaging in a form of cognitive
evaluation that required integrating multiple sources of information about their environment

However, these representations are still

abstract, decoupled representations in the way humans do.

—they don’t form



A minimal mind requires that an entity:

1. and processes that have the
function of in ways that allow
it to cope with features of its environment in ways that are

2.These states and processes must be capable of standing-in
for various features of the environment that are significant
for the system, and they must be capable of doing so evenin
the absence of immediate environmental stimuli;

3.These states and processes must be

hat allows for a variety of possible
contents to be represented (in a systematic way) by a
corresponding variety of possible representations; and,

4.There must be norms governing the proper production,
maintenance, and use of these representations under various
environmental conditions.




A minimal mind requires that an entity:

1. Possess internal states and processes that have the function
of adjusting the entity’s behavior in ways that allow it to cope
with features of its environment in ways that are not fully
determined by the design of the system;

Honey bees exhibit flexible foraging strategies,
, and the needs of the hive.

They use internal processes to modulate their activities, such as
choosing when to forage or stay in the hive, in a way that

Their decision-making in foraging can be
, such as learning which flowers offer the best
nectar, rather than being purely reactive.




A minimal mind requires that an entity:

2. These states and processes must be capable of standing-in
for various features of the environment that are significant for

the system, and they must be capable of doing so even in the

absence of immediate environmental stimuli;

Honey bees to communicate the location of
food sources to other bees in the hive.

Waggle dance

, allowing bees to
understand and act on this information even when the food
source is

This dance serves as

, helping the hive
collectively navigate toward resources without immediate
sensory input.




A minimal mind requires that an entity:

3. These states and processes must be part of a larger
representational scheme that allows for a variety of possible
contents to be represented (in a systematic way) by a
corresponding variety of possible representations; and,

Structured Communication: The

where the angle of the
dance relative to the hive represents the direction of the food
source in relation to the sun, and the length of the waggle
indicates distance.

Variety of Representations: This scheme allows honey bees to
convey a range of information about multiple potential food
sources, indicating that their



A minimal mind requires that an entity:

4. There must be norms governing the proper production,
maintenance, and use of these representations under various
environmental conditions.

Proper Production and Use of Representations: There are
is performed and
interpreted within the hive. For example, the
are crucial to its effectiveness in guiding
other bees to food sources.

Adaptive Adjustments: Bees based on
environmental conditions like the

, showing that they have norms for when to modify their
communication based on changing circumstances.

Error Detection and Correction: Bees can also
and foraging patterns
, indicating a capacity for maintaining
and adapting their representational schemes.




A minimal mind requires that an entity:

1. and processes that have the
function of in ways that allow
it to cope with features of its environment in ways that are

2.These states and processes must be capable of standing-in
for various features of the environment that are significant
for the system, and they must be capable of doing so evenin
the absence of immediate environmental stimuli;

3.These states and processes must be

hat allows for a variety of possible
contents to be represented (in a systematic way) by a
corresponding variety of possible representations; and,

4.There must be norms governing the proper production,
maintenance, and use of these representations under various
environmental conditions.

Peter Carruthers argues, bees can hold
representational states like "There is nectar 100
meters east of the hive" and "There is pollen 50
meters west of the hive." However, it’s

into
more complex propositions like "The nectar is
further east than the pollen."
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