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The publication of Jakob von Uexkill's seminal work, A Foray into the Worlds of Animals and Humans, alongside
A Theory of Meaning, represents a foundational shift in the biological sciences and philosophical inquiry. Originally
conceptualized in the early 20th century and revitalized through the Posthumanities series by the University of
Minnesota Press, Uexkiill's work challenges the traditional Newtonian view of a singular, objective reality shared by
all living beings. Instead, it posits that every organism exists within its own self-contained perceptual bubble, or
Umwelt.

As a senior technical analysis of these texts reveals, Uexkull's contributions are not merely historical curiosities;
they are the precursors to modern biosemiotics, cybernetics, and situated robotics. This article provides an in-
depth exploration of the theoretical framework, the mechanical operation of the functional circle, and the practical
implications of Uexkill's theories in contemporary technical fields.

The Theoretical Framework: Umwelt vs. Umgebung

At the core of Uexkill's biological theory is the distinction between the Umwelt (perceptual world) and the
Umgebung(objective environment). To an external observer, the Umgebung consists of all measurable physical
properties of a space. However, for a specific subject (the organism), only a fraction of these properties are
perceived and acted upon. These selected stimuli constitute the Umwelt.

The Subjective Nature of Space and Time

Uexkiill argues that space and time are not absolute containers but are produced by the physiological capabilities

of the subject. A tick, for instance, perceives time and space differently than a human or a hunting dog. In technical
terms, the resolution of perceptiondictates the organism's experience of reality. Uexkill identifies three primary
types of space:

e Tactile Space: Determined by the organism's reach and sensory receptors.
 Visual Space: A spherical horizon defined by the limit of sight.
e Action Space: The operational area where the organism exerts influence.

By defining these spaces, Uexkiill shifts biology from a purely mechanistic study of reflexes to a study of
subjectivity, where the organism is an active participant in constructing its reality.

The Functional Circle: A Technical Breakdown

To explain how an organism interacts with its Umwelt, Uexkull introduced the Functional Circle (Funktionskreis).
This is essentially a feedback loop model that predates modern control theory and cybernetics. The circle
describes a closed-loop system where perception and action are inextricably linked.

Components of the Functional Circle

1. The Subject: The organism possessing internal processing capabilities (the central nervous system).
2. Receptor Organs (Sense Organs): These detect specific external stimuli (Merkmal or perception marks).
3. Effector Organs (Motor Organs): These execute actions (Wirkmal or effect marks) upon the object.



4. The Object: The external entity that provides the stimulus and receives the action.

Operational Workflow

The technical procedure of the functional circle follows a specific sequence. First, a Perception Mark is imprinted
upon the subject's perceptual field. This stimulus is processed by the inner world (central organ), which then

triggers an Effect Mark. This effect mark is projected back onto the object through the effector organs, which in
turn alters the object's status, potentially terminating the stimulus or initiating a new cycle. This suggests that the
"meaning" of an object is defined solely by the action it elicits from the subject.



Component

Merkmal (Perception Mark)

Wirkmal (Effect Mark)

Inner World

The Object

Description

Sensory input processed
by the receptor.

Action or motor output

performed by the effector.

The central nervous
system/processing unit.

The target of the
organism's attention.

Function in the System

Triggers the internal state
change in the organism.

Modifies the object to fit
the subject's needs.

Integrates perception and
determines the motor
response.

Serves as the carrier of
meaning for the subject.

Case Study: TheTick (Ixodes ricinus)

Uexkiill’'s most famous technical illustration involves the life cycle of a tick. Despite the complexity of the forest
environment, the tick's Umwelt is incredibly sparse, consisting of only a few key functional cycles.

Algorithmic Analysis of Tick Behavior

1. Activation of Light Sensitivity: The tick moves toward light (phototaxis) to reach the tip of a branch.

2. The Olfactory Trigger: The tick waits until it detects the scent of butyric acid, a chemical secreted by the skin
glands of mammals. This is the perception mark.

3. The Motor Response: Upon sensing butyric acid, the tick releases its grip and falls.

4. Tactile and Thermal Verification: If it lands on something hairy (tactile) and warm (thermal), it has found its
host.

5. The Final Action: It burrows into the skin to feed.

In this model, the thousands of other stimuli in the forest (birdsong, the color of leaves, the presence of other
insects) do not exist for the tick. They are part of the Umgebung but not the Umwelt. This simplification allows for
high efficiency in biological systems, a principle now applied in minimalist robotics.

A Theory of Meaning: The Musical Metaphor

In the second part of his major work, A Theory of Meaning, Uexkull explores the "plan” or "composition” of nature.
He rejects a purely chaotic or accidental evolutionary process in favor of a teleological design—though not
necessarily a religious one. He compares nature to a musical score where every organism is a performer playing its
part in a larger harmony.

The Concept of Meaning-Carriers

Every object in an Umwelt is a meaning-carrier. Meaning is not an inherent property of the object but a
relationship between the subject and the object. A stone, for example, has different meanings depending on the
subject:

e To a Human: A building material or a weapon.
e To a Bird: A pedestal or a lookout point.
* To an Insect: A vast, insurmountable mountain range.

Semantic Integration



Uexkiill proposes that the "perfect fit" between an animal and its environment indicates a deep structural unity. This
biosemioticapproach suggests that life is organized around the exchange of signs and meanings, rather than just
the exchange of matter and energy. This has significant implications for how we understand ecology, as it shifts the
focus from biomass to the "semiosphere"—the web of meanings shared and contested by different species.

Comparative Analysis of Biophilosophical Schools

To understand the technical uniqueness of Uexkill's work, it is necessary to compare it with other dominant
biological and philosophical frameworks of the 20th and 21st centuries.



Feature Behaviorism (Skinner) Darwinism (Selection) Umwelt Theory (Uexkull)

Primary Driver External Stimulus- Survival and Reproduction Subjective Meaning and
Response Plan
View of Organism Passive Reactor Competitive Unit Active Subject
Environment Objective Reality Resource/Constraint Space Subjective Perceptual
World
Mechanism Conditioning Natural Selection The Functional Circle
Key Discipline Psychology Evolutionary Biology Biosemiotics / Ethology

Technical Applications in Modern Robotics and Al

One of the most profound impacts of A Foray into the Worlds of Animals and Humans is found in the field of
Artificial Life and Autonomous Agents. Researchers such as Tom Ziemke and Noel E. Sharkey have utilized
Uexkiill's theory to solve the "grounding problem” in Al—the question of how symbols acquire meaning for a
machine.

Applying the Functional Circle to Adaptive Robots

Traditional Al often relies on complex internal representations of the world. In contrast, Uexkdllian robotics
suggests that an agent should interact with its environment through simplified, direct functional loops. This leads to
the development of robots that:

¢ Minimize Computational Overhead: By ignoring irrelevant data (Umgebung) and focusing only on task-
relevant stimuli (Umwelt).

¢ Exhibit Robustness: Because the robot is tightly coupled with its environment through sensory-motor loops, it
can adapt to changes without needing a global map.

¢ Achieve Situatedness: The robot's "intelligence" emerges from the interaction between its physical body and
its environment, rather than from an abstract algorithm.

Biosemiotic Engineering

Engineers are now looking at the Theory of Meaningto design human-machine interfaces. By understanding the
human Umwelt, designers can create systems that present information (perception marks) in a way that maps
naturally to human motor capabilities (effect marks), leading to more intuitive technology.

Posthumanism and Ethical Implications

The inclusion of Uexkdll in the Posthumanities series highlights the ethical dimensions of his work. If every
organism lives in its own subjective world, then the human perspective is not the "correct" or "superior” view, but
merely one of many. This realization fosters a post-anthropocentric ethic.

The Multispecies Perspective

Acknowledging the Umwelten of others—from honeybees to domestic dogs—requires us to reconsider how we
share the planet. Technical fields like urban planning and conservation biology are beginning to incorporate
Umwelt-mappingto ensure that human infrastructure does not inadvertently destroy the perceptual worlds of
other species (e.g., light pollution disrupting the Umwelten of migratory birds).



Technical Synthesis: The Future of Uexkullian Studies

The work of Jakob von Uexkull remains a vital technical document for understanding the intersection of biology,
semiotics, and technology. By moving beyond the "machine-animal" model of the 19th century, Uexkill provided a
framework for a more nuanced, subjective, and interrelated understanding of life.

Future research is likely to focus on the digital Umwelt—how digital interfaces and virtual realities create new
perceptual bubbles for human subjects. As we continue to build autonomous systems that must navigate the world,
the principles of the functional circle and the theory of meaning will provide the blueprints for agents that don't just
process data, but truly inhabit their worlds.

Ultimately, A Foray into the Worlds of Animals and Humansis a reminder that while science seeks to measure the
Umgebung, the essence of life is found in the Umwelt. Technical rigor applied to the study of subjectivity allows for
a deeper mastery of both biological and artificial systems, ensuring that our technical advancements remain
grounded in the lived realities of all sentient subjects.
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