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Action Pattern

Primary Disciplinary Field(s): Ethology, Comparative Psychology, Behavioral Biology

1. Core Definition

The Action Pattern (AP) refers to a sequence of behavior--often complex and involving an entire

chain of motor activities--that is highly predictable, species-typical, and elicited by specific, usually

external, sensory input known as a releaser or sign stimulus. Fundamentally, an action pattern

represents an innate, genetically programmed response set that unfolds in a coordinated and

characteristic manner once the threshold for activation is met. Unlike simple reflexes, action

patterns typically involve multiple muscles and coordinated movements that fulfill a specific

adaptive function, such as mating, defense, or feeding, demonstrating a high degree of

evolutionary sophistication.

The core concept emphasizes an expected, standardized attitudinal chain of actions. The initiation

of the pattern is dependent on select important input from the environment, but once initiated, the

sequence tends to run its course relatively independently of ongoing environmental feedback, often

exhibiting what ethologists term 'ballistic' characteristics. A classic example, partially referenced in

the source material, is the aggressive behavior of a male fish, such as the three-spined

stickleback, during the mating season. When a male fish perceives the red underside of a

competitor (the sign stimulus), it evokes a hostile action pattern, wherein the fish protects its

established territory against the intrusion of other males. This behavior sequence is highly

standardized across the species and serves a critical function in reproductive success and

territorial maintenance by ensuring the exclusion of rivals.

Modern usage often distinguishes the Action Pattern (AP) from the historical and more rigid term

Fixed Action Pattern (FAP). While FAP suggested a rigid, unalterable sequence, AP (or

sometimes Modal Action Pattern, MAP) acknowledges that slight variations, modulated by

motivational state, external environmental conditions, and limited learning, can occur. However, the

underlying motor syntax remains largely invariant, making the behavior recognizable and

functionally consistent across individuals within the species, thereby maintaining its identity as a

species-specific innate behavior pattern.

2. Etymology and Historical Development

The academic study of action patterns is deeply rooted in the field of Classical Ethology, primarily

developed in the mid-20th century by Nobel laureates Konrad Lorenz and Nikolaas Tinbergen.

Their foundational work focused on observing and cataloging the innate, unlearned behaviors of

animals in their natural settings. They sought to understand behavior not just in terms of simple
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stimulus-response learning, but through the lens of evolutionary adaptation and internal

physiological mechanisms that structure complex motor outputs.

The initial framework established by Lorenz centered on the concept of the Fixed Action Pattern

(FAP). Lorenz defined the FAP as an innate, highly stereotyped, complex behavior that is

completed in its entirety once initiated, even if the environmental stimulus that triggered it is

removed. This concept provided a crucial mechanistic explanation for how species-specific

behaviors--such as elaborate courtship dances, intricate nest building, or specific hunting

techniques--could emerge fully formed without requiring extensive learning or prior experience.

Tinbergen's famous studies, such such as the egg-rolling retrieval behavior in greylag geese,

provided empirical evidence demonstrating the stereotypy and automatic nature of these

behavioral sequences. He showed that once the goose started rolling an egg back to the nest, the

neck movements continued identically even if the experimental egg was removed mid-roll,

illustrating the ballistic nature of the motor program.

Over time, detailed empirical research revealed that behaviors previously classified as strictly

"fixed" often exhibited minor, yet significant, levels of flexibility and variation depending on internal

factors (such as fatigue or hormonal levels) and external factors (environmental resistance). This

realization prompted ethologists to refine the terminology. The term Action Pattern (AP) or Modal

Action Pattern (MAP) emerged to replace FAP, emphasizing that while the behavioral sequence

is typical and highly predictable (a "mode" of behavior observed most frequently), it is not

necessarily immutable or perfectly fixed. This shift acknowledged the continuous interplay between

genetic programming and environmental modulation, moving the discipline toward a more nuanced

understanding of innate behavior while retaining the fundamental principle that complex motor

programs are largely genetically determined.

The historical development also involved the hypothesized internal structure proposed by Lorenz,

which suggested that FAPs were governed by Innate Releasing Mechanisms (IRMs). The IRM

was conceptualized as a dedicated neural circuit designed to filter environmental stimuli (releasers)

and, upon recognition, release the accumulated "Action Specific Energy" (ASE) necessary to

execute the corresponding action pattern. Although the specific concept of ASE has been largely

discarded in favor of modern neurobiological models emphasizing neural circuits and motivational

systems, the principle of a specialized sensory filtering and triggering mechanism remains central

to understanding how patterned behavior is initiated and regulated.

3. Key Characteristics

Action Patterns are defined by several key characteristics that collectively distinguish them from

learned behaviors, reflexes, or purely random movements. These features highlight their robust

nature as evolved behavioral modules critical for the successful navigation of species-specific
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challenges related to survival and reproduction.

Stereotypy and Invariance: Despite the terminological shift from FAP to AP, a high degree of

stereotypy remains a crucial characteristic. This means that the sequence of motor output is highly

consistent across different performances by the same individual and remarkably similar among all

members of the species. This predictability allows the behavior to serve reliably in critical contexts,

such as species recognition, communication, or predator defense, ensuring that signals are

unambiguous and motor responses are efficient.

Sign Stimuli (Releasers): Action patterns are typically evoked by specific, limited features of the

environment, rather than requiring the totality of the stimulus object. These releasers--which might

be a particular color, a specific shape, a chemical cue, or a unique pattern of movement--act as

highly specialized triggers. The sensory filtering mechanism, the IRM, is tuned precisely to these

stimuli, ensuring that the complex action pattern is only executed in the most biologically relevant

contexts, thereby maximizing adaptive outcomes.

Independence from Feedback (Ballistic Nature): A fundamental characteristic is that many

action patterns, once triggered, proceed to completion even if the goal or the initiating stimulus is

removed or altered. The execution is largely "open-loop," meaning the central nervous system

controls the entire sequence without requiring continuous sensory feedback for moment-to-

moment adjustment. The initial command dictates the entire coordinated sequence of muscle

contractions and relaxations, distinguishing it sharply from closed-loop, goal-directed, learned

behaviors that rely heavily on feedback correction.

Spontaneity and Vacuum Activity: The internal motivational state or specific drive necessary to

execute an action pattern can accumulate over time. If the appropriate external stimulus is absent

for a prolonged period, the internal drive may become so intense that the pattern is released

seemingly spontaneously, without the presence of the usual external releaser, a phenomenon

known as vacuum activity. This behavioral event demonstrates the strong endogenous, internal

component driving the behavior and suggests that the neural threshold for activation decreases

significantly when the specific drive is high.

Orientation Component (Taxes): While the primary motor sequence (the AP) is fixed, most

complex action patterns are coupled with a highly variable orienting component known as a taxis.

The taxis ensures that the fixed motor sequence is correctly positioned or aimed relative to the

target or stimulus (e.g., a praying mantis must correctly align its body via taxis before executing the

fixed, rapid striking action pattern). The combination of the fixed AP and the flexible taxis allows for

adaptive responses within a variable environment.

4. Neurobiological Basis

The inherent consistency and coordinated execution characteristic of action patterns necessitate a

dedicated and robust underlying neural architecture capable of generating complex motor output

independent of constant cortical oversight. The modern neurobiological understanding of action
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patterns is heavily informed by the concept of Central Pattern Generators (CPGs), which provide

the mechanistic explanation for the ballistic nature of these behaviors.

CPGs are specific neural circuits located typically within the spinal cord or brainstem that are

capable of producing rhythmic, patterned motor output without requiring rhythmic input from

sensory feedback or continuous descending commands from higher brain centers. These circuits

are the biological manifestation of the stored motor program. They are crucial for fundamental,

rhythmic behaviors across the animal kingdom, such as the coordinated movements required for

walking, flying, breathing, or swimming. For action patterns, the CPG effectively stores the highly

detailed motor program. When the appropriate internal motivational state is reached and the sign

stimulus is recognized by the specialized sensory filtering circuits (the modern equivalent of the

IRM), the CPG is activated, executing the pre-programmed motor sequence.

The neural integration leading to the release of an action pattern involves several crucial,

integrated steps. Firstly, sensory processing must accurately identify the specific releaser from a

potentially noisy environmental background. Secondly, command neurons or motivational centers

integrate the external signal with the animal's current physiological state--for example, hormonal

levels that indicate a readiness to mate or defend territory. Thirdly, this integrated signal reaches

the motor centers and activates the specific motor program stored in the CPG. This hierarchical

structure explains why action patterns are released in an all-or-nothing fashion when the

motivational and sensory thresholds align, and why the resultant behavior is so highly consistent

across performances--it is driven by a stable, genetically hardwired circuit.

The neurobiological investigation of action patterns thus provides concrete evidence for the

evolutionary stability of these specific motor circuits. Specific action patterns--such as the complex

courtship songs of certain birds, the web-building sequence of spiders, or the precise defensive

maneuvers of insects--are highly conserved within a species because the underlying genetic codes

governing the development and function of these CPGs are subject to strong stabilizing selection,

ensuring the reliable execution of behaviors critical for survival and reproductive fitness.

5. Role in Human Behavior

While action patterns are a central concept in ethology, the principle holds significant relevance for

understanding certain aspects of human innate behavior, particularly concerning instincts and

universal reaction patterns, which the source content explicitly notes. Although human behavior is

overwhelmingly modulated by learning, culture, and conscious cognition, humans exhibit behaviors

that are highly stereotyped and appear to be genetically predisposed, serving as foundational

elements of our behavioral repertoire.

The clearest and least ambiguous examples of human action patterns are typically observed in

infancy and early development, manifesting as crucial reflexes that ensure survival and promote
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bonding. These developmental action patterns include the suckling reflex, essential for feeding;

the grasping reflex, a possible phylogenetic remnant of primate clinging behavior; and the Moro

reflex (startle response). These behaviors are present at birth, require little to no learning, and

operate automatically to fulfill immediate adaptive needs. Their presence and integrity are often

used by pediatricians to assess the health of the neonatal nervous system.

Furthermore, the universal display of certain facial expressions, such as those associated with

basic emotions (joy, anger, fear, disgust, surprise, and sadness), studied extensively by

researchers like Paul Ekman, are considered high-level parallels to action patterns. These

expressions are recognized globally across disparate cultures, suggesting an innate, species-

typical motor program for emotional communication, likely triggered by specific internal emotional

states rather than purely environmental releasers. Similarly, the innate capacity for complex

cognitive achievements, such as language acquisition, relies on a genetically programmed,

patterned sequence of cognitive development, often framed by evolutionary psychologists as a

species-specific action pattern for communication.

In adult human social interactions, action patterns manifest as highly ritualized social behaviors

and non-verbal communication sequences. While these behaviors are considerably more plastic

and culturally conditioned than the fixed motor patterns seen in invertebrates, foundational

elements like universal smiling (greeting), certain postures of submission or dominance, and

patterns of aggressive display show strong, inherent components that are predictable and critical

for establishing social hierarchies and signaling intent. Understanding these innate predispositions

is key to fields like evolutionary psychology and behavioral economics, which explore the

constraints placed on complex human decision-making by underlying biological imperatives.

6. Significance and Impact

The concept of the action pattern, and the broader ethological framework from which it originates,

has had a profound and transformative impact on the study of behavior across biology and

psychology. Its significance stems from its ability to provide a clear, mechanistic explanation for

how complex, adaptive behaviors can be reliably generated and transmitted across generations

without relying exclusively on mechanisms of learning.

First, APs provide powerful evidence for the role of genetic determinism in complex behavior.

They demonstrate conclusively that the evolutionary history of a species is directly reflected in its

behavioral repertoire, allowing scientists to use behavioral characteristics--analogous to

morphological features--to trace phylogenetic relationships and test hypotheses about evolutionary

divergence. Second, the study of action patterns is crucial for understanding the mechanisms of

reproductive isolation and, consequently, speciation. Since many courtship, mating, and parental

behaviors are action patterns dependent on highly specific releasers, any slight divergence in the
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execution of the pattern or the stimulus required can prevent successful interbreeding, thereby

acting as a powerful driver of the formation of new species.

Third, the concept fundamentally shaped the early theoretical structure of psychology by acting as

a critical counterpoint to strict behaviorism. By rigorously demonstrating that animals possess

complex, innate behavioral drives and neurological mechanisms that operate largely independently

of operant conditioning or reinforcement history, ethologists compelled psychologists to incorporate

biological, ecological, and evolutionary variables into their models of learning and motivation. The

recognition of innate behavioral constraints and capacities remains central to fields such as

behavioral ecology and behavioral genetics, where understanding the species-specific action

patterns of organisms--such as specific foraging techniques, migratory routes, or precise

communication signals--is essential for accurate modeling, conservation efforts, and habitat

management.

7. Debates and Criticisms

Despite its foundational status, the concept of the action pattern, particularly its historical

formulation as the Fixed Action Pattern (FAP), has faced significant scrutiny and refinement over

the decades, leading to persistent academic debates regarding the precise definition and scope of

innate behavior and the limits of behavioral plasticity.

The primary criticism centers squarely on the lack of absolute fixedness. Critics argue that very

few, if any, complex behaviors are executed without some degree of modulatory influence from

ongoing sensory feedback or interaction with the environment. Even highly stereotyped behaviors,

when subjected to detailed kinematic analysis, consistently show subtle but meaningful variations

related to environmental obstacles, substrate texture, or the animal's physical health. This

observation has reinforced the preference for the terms Action Pattern or Modal Action Pattern

(MAP), framing the behavior as a statistical mode--the most typical expression--rather than an

absolute, unchangeable sequence. This inherent flexibility is recognized as being highly adaptive,

as completely fixed behavior would be maladaptive in environments characterized by even

moderate change or unpredictability.

Another major debate concerns the outdated notion of a complete separation between innate and

learned behavior, often referred to as the nature versus nurture problem. While classical ethology

initially emphasized this division, modern behavioral biology operates under the premise that all

behavior develops through the continuous interaction of genetic predispositions and environmental

experience. Many behaviors classified as APs, especially in species with complex nervous

systems like birds and mammals, require a sensitive period of minimal environmental exposure or

practice (e.g., specific dialects in birdsong or coordination practice in locomotion) to be fully

expressed, complicating the clear distinction between "fixed" and "learned." Consequently, modern
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theoretical approaches, such as the Behavioral Systems approach, tend to view behavior as

organized around functional systems (e.g., a defense system or a parental system) that flexibly

utilize both robust, innate action patterns and highly adaptable learned strategies to achieve

specific adaptive goals, acknowledging the pervasive role of developmental plasticity.
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