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Fixed Action Pattern (FAP)

Primary Disciplinary Field(s): Ethology, Animal Behavior, Comparative Psychology, Evolutionary

Biology

1. Core Definition

A Fixed Action Pattern (FAP) is an instinctive, highly stereotyped behavioral sequence exhibited

by animals in response to a specific stimulus, known as a sign stimulus or releaser. This concept

postulates that certain complex actions are not learned but are instead hardwired into an

organism's genetic makeup, demonstrating a remarkable invariance within a species. The core

characteristic of an FAP is its predictable and unvarying sequence, which, once initiated, tends to

run to completion regardless of changes in the external environment or the absence of the original

eliciting stimulus. These behaviors are considered "fixed" due to their rigid, predetermined motor

patterns, which are largely immune to interruption or modification once triggered, underscoring

their automatic and involuntary nature.

Central to the understanding of FAPs is the notion that these patterns are not simply reflexes,

which are typically simpler, more localized responses, but rather complex, coordinated sequences

involving multiple muscle groups and often intricate motor programs. The underlying mechanism

for the activation and execution of an FAP is posited to be an innate releasing mechanism (IRM),

a hypothetical neural network or cognitive structure that detects the relevant sign stimulus and

subsequently activates the motor program for the FAP. This mechanism serves as a crucial filter,

ensuring that the animal responds only to specific, ecologically relevant cues, thus optimizing its

chances of survival and reproduction. The concept of FAPs has profoundly influenced the study of

animal behavior, providing a foundational framework for distinguishing between innate and learned

behaviors and exploring their evolutionary significance.

While often described as "fixed," it is important to note that the degree of invariance can vary.

Some FAPs may show minor individual variations, and the threshold for their elicitation can be

influenced by internal physiological states, such as hormonal levels or motivational drives.

However, the fundamental structure and sequence of the behavior remain largely consistent

across individuals of a species, distinguishing FAPs from more flexible, environmentally shaped

behaviors. This robust, species-specific nature highlights the role of genetic programming in

shaping fundamental survival and reproductive strategies, from mating rituals to predator evasion

tactics.

2. Historical Context and Early Proponents

The concept of the Fixed Action Pattern emerged prominently in the mid-20th century, largely
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through the pioneering work of European ethologists. The foundational ideas were developed and

championed by Nobel laureates Konrad Lorenz and Nikolaas Tinbergen, who are widely regarded

as the fathers of ethology, the scientific study of animal behavior in natural conditions. Their

research challenged the prevailing behaviorist paradigms of the time, which largely focused on

learned behaviors and environmental conditioning, by emphasizing the importance of innate,

genetically determined behavioral patterns. Lorenz, in particular, introduced the term

"Instinkthandlung" (instinctive action) and elaborated on its characteristics, including its

spontaneous occurrence, species-specificity, and independence from learning.

Lorenz's meticulous observations of various animal species, especially birds and fish, led him to

identify numerous stereotyped behaviors that appeared to be unlearned and highly predictable. He

proposed that these behaviors were triggered by specific external cues (sign stimuli) and were

executed by an internal mechanism (the Innate Releasing Mechanism). Tinbergen, building upon

Lorenz's framework, conducted systematic experiments to identify specific sign stimuli and to

understand the hierarchical organization of instinctive behaviors. His classic studies on the

reproductive behavior of the three-spined stickleback fish, for instance, elegantly demonstrated

how particular visual cues (e.g., the red belly of a rival male) would reliably elicit a chain of

aggressive FAPs, such as zig-zag dancing and fighting. These early ethological studies provided

compelling evidence for the existence of complex, pre-programmed behaviors, revolutionizing the

understanding of animal motivation and decision-making.

The work of Lorenz and Tinbergen, alongside that of Karl von Frisch, who studied bee

communication, earned them the Nobel Prize in Physiology or Medicine in 1973. Their

contributions established ethology as a distinct scientific discipline and laid the groundwork for

future research in behavioral ecology, evolutionary biology, and evolutionary psychology. The

concept of FAPs became a cornerstone of ethological theory, providing a powerful explanatory tool

for understanding how animals navigate their environments, find mates, raise offspring, and avoid

predators through a repertoire of hardwired behaviors that have been shaped by natural selection

over evolutionary time.

3. Key Characteristics and Underlying Mechanisms

Fixed Action Patterns are characterized by several defining features that collectively distinguish

them from other forms of behavior. Firstly, they are typically stereotyped, meaning they are

performed in a rigid, predictable, and virtually invariant manner by all members of a species,

showing little individual variation. This stereotypy underscores their genetic basis and minimizes

the role of learning or individual experience in their execution. Secondly, FAPs are often complex

sequences of movements, not simple reflexes. They involve coordinated actions of multiple

muscle groups and often progress through a series of steps that are executed in a specific order,

as if following a pre-programmed script.
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A crucial characteristic is their "all-or-nothing" principle and running to completion. Once a

FAP is triggered by its appropriate sign stimulus, it typically plays itself out to its conclusion, even if

the original stimulus is removed or the behavior becomes maladaptive in the interim. A classic

example is the egg-rolling behavior of the graylag goose: if an egg rolls out of the nest, the goose

will extend its neck and pull the egg back with a characteristic sweeping motion. If the egg is

removed mid-action by a researcher, the goose will still complete the entire retrieving motion,

illustrating the FAP's independence from continuous sensory feedback once initiated. This

highlights that the FAP is not merely a series of responses to ongoing stimuli but an internal motor

program that, once activated, proceeds autonomously.

The underlying mechanism enabling FAPs is the Innate Releasing Mechanism (IRM). The IRM is

conceptualized as a specialized neural network within the animal's central nervous system that

acts as a filter, selectively responding to specific sensory inputs (the sign stimuli) and, in turn,

activating the appropriate motor program for the FAP. This neural circuitry is genetically

determined and serves as a highly efficient and reliable system for responding to critical

environmental cues, ensuring rapid and appropriate responses to survival-relevant situations like

predator encounters, courtship displays, or parental care. The IRM ensures that only biologically

significant stimuli elicit these complex, pre-programmed behaviors, preventing wasteful or

inappropriate actions.

4. Sign Stimuli and Releasers

The initiation of a Fixed Action Pattern is critically dependent on the presence of a specific external

cue, known as a sign stimulus or releaser. These stimuli are highly specific features of an object,

organism, or situation that are necessary and sufficient to trigger a particular FAP. Sign stimuli

often represent simplified, exaggerated, or abstracted versions of natural cues, suggesting that the

IRM is tuned to detect very particular perceptual properties rather than complex, holistic

representations. For instance, the red belly of a male stickleback fish is a powerful sign stimulus

that elicits aggressive FAPs in rival males during breeding season, even if presented on an

artificial, crude model of a fish.

Releasers can be visual, auditory, olfactory, or tactile cues, and their effectiveness is often context-

dependent, meaning the same stimulus might trigger a different response or no response at all

depending on the animal's internal state or the broader environmental context. For example, during

courtship, a specific pattern of movements or a particular vocalization might act as a releaser for a

mating FAP. The concept of releasers emphasizes the highly evolved and finely tuned sensory

systems of animals, which are specialized to detect cues that are most relevant to their survival

and reproductive success. These cues act as "keys" that unlock specific "locks" (the IRMs),

thereby activating the appropriate behavioral sequence.
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The study of sign stimuli has revealed fascinating insights into animal perception and

communication. Ethologists have often used simplified models or isolated features of natural

stimuli to identify the minimal characteristics required to elicit an FAP. This "supernormal stimulus"

effect, where an exaggerated version of a sign stimulus elicits an even stronger response than the

natural one, further underscores the mechanistic nature of FAP elicitation. For instance, a bird

might prefer to brood an unusually large, artificial egg over its own, natural-sized egg, because the

exaggerated size provides a more potent sign stimulus for the brooding FAP. This phenomenon

highlights that FAPs are driven by specific sensory triggers rather than a comprehensive

understanding of the situation, reflecting an efficient but sometimes exploitable aspect of innate

behavior.

5. Illustrative Examples of FAPs

Numerous examples from the animal kingdom vividly demonstrate the prevalence and

characteristics of Fixed Action Patterns. One of the most classic and widely cited examples is the

egg-rolling response of the graylag goose, as described by Konrad Lorenz. When an egg is

displaced from its nest, the goose initiates a precise sequence of movements: it extends its neck,

positions the egg under its bill, and then rolls it back into the nest using a characteristic side-to-side

sweeping motion. Crucially, as noted earlier, if the egg is removed during this process, the goose

will continue the entire sequence of movements as if the egg were still there, illustrating the

"running to completion" aspect of FAPs. This behavior is triggered by the visual sign stimulus of an

object resembling an egg (size, shape, color) outside the nest rim.

Another well-studied example is the attack behavior of the male three-spined stickleback fish

during breeding season. The sight of a red belly on another male stickleback (a sign stimulus)

reliably triggers an aggressive FAP, which includes a zig-zag dance, head-down posture, and

biting. This aggressive display occurs even if the red belly is presented on a crude, fish-shaped

model or even a non-fish object, as long as the red color is present. Similarly, the female

stickleback's swollen belly acts as a sign stimulus for the male's courtship FAPs. These examples

underscore how specific visual cues can act as potent releasers for complex, species-specific

behavioral sequences related to reproduction and territory defense.

Other notable examples include the nest-building behaviors of many bird species, which

involve highly stereotyped sequences of gathering materials, weaving, and shaping. While some

aspects may be refined through experience, the fundamental pattern of construction is largely

innate. The retrieval behavior of many ground-nesting birds, where parents remove broken

eggshells from the nest to reduce predation risk (a FAP triggered by the sight of a broken shell),

also fits the description. Furthermore, the courtship dances of certain insects and birds, the

intricate web-spinning patterns of spiders, and the specific calls or alarm signals of various animal

species can often be characterized as FAPs or components thereof, demonstrating the wide range
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of behaviors that fall under this ethological concept across diverse taxa.

6. Theoretical Implications and Significance

The concept of Fixed Action Patterns holds profound theoretical implications for understanding the

evolutionary basis of behavior and the interplay between genes and environment. By identifying

behaviors that are largely innate and resistant to environmental modification, ethologists provided

strong evidence that natural selection acts not only on physical traits but also on behavioral

strategies. FAPs represent adaptive solutions to recurrent environmental challenges, honed over

generations to enhance an individual's survival and reproductive fitness. Their stereotyped nature

ensures reliability and efficiency in critical contexts, such as predator avoidance, foraging, or

mating, where errors could be costly.

FAPs helped establish the field of ethology as a distinct scientific discipline, providing a framework

for analyzing behavior in an evolutionary context, distinguishing it from the purely learned

behaviors emphasized by behaviorism. This distinction fostered a more holistic view of animal

behavior, recognizing both innate predispositions and experiential modifications. The study of

FAPs also paved the way for understanding the neural underpinnings of instinct, inspiring research

into the brain mechanisms that control complex motor programs and sensory filtering. The concept

of the Innate Releasing Mechanism, though hypothetical, spurred investigations into specific neural

circuits responsible for stimulus detection and behavioral activation.

Furthermore, FAPs provided insights into animal communication, as many releasers are signals

specifically evolved to trigger FAPs in conspecifics. Courtship displays, alarm calls, and territorial

markers often function as sign stimuli, facilitating coordinated social interactions and reproductive

success. The concept has also contributed to our understanding of human behavior through the

lens of evolutionary psychology, prompting discussions about whether certain fundamental human

behaviors or emotional expressions might have ancient, innate components, even if heavily

modulated by culture and learning. While direct human FAPs are controversial, the principle of

evolved behavioral predispositions remains highly influential.

7. Criticisms, Revisions, and Modern Interpretations

Despite its foundational importance, the concept of Fixed Action Patterns has faced significant

criticisms and undergone considerable revision since its initial formulation. A primary critique

centers on the term "fixed" itself. Critics argue that very few, if any, behaviors are truly immutable

or entirely independent of learning and environmental feedback. Subsequent research has shown

that even highly stereotyped behaviors can exhibit a degree of plasticity, being modified by

experience, practice, or varying internal states. For example, while the fundamental pattern of a

bird's song might be innate, its precise execution and fine-tuning can be influenced by learning
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from adult conspecifics.

Another limitation is the difficulty in definitively distinguishing FAPs from learned behaviors or

complex chains of reflexes. The boundaries between "innate" and "learned" are often blurred, as

many behaviors involve an intricate interaction between genetic predispositions and environmental

input. The development of a behavior might involve critical periods for learning, where an innate

capacity is expressed only if appropriate environmental stimulation is received. The original

ethological framework sometimes struggled to account for this gene-environment interplay, leading

to an oversimplification of behavioral development.

Modern ethology and behavioral neuroscience tend to view behavior on a continuum, recognizing

that most actions are a product of both genetic programming and environmental influences. While

the concept of FAPs provided a crucial starting point for understanding innate behaviors,

contemporary research often uses more nuanced terminology, such as "modal action patterns"

(MAPs), to acknowledge the inherent variability and flexibility that can exist even within largely

stereotyped behaviors. MAPs emphasize the typical or modal form of a behavior while allowing for

individual differences and environmental modulation. Despite these revisions, the core insights of

FAPs - that animals possess genetically determined, complex behavioral predispositions triggered

by specific stimuli - remain a vital component of animal behavior studies, serving as a conceptual

anchor for exploring the biological roots of behavior.
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