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OPTIMAL FORAGING THEORY

Primary Disciplinary Field(s): Behavioral Ecology, Evolutionary Biology, Comparative

Psychology

Proponents: Eric Charnov, John Krebs, Robert MacArthur, Stephen Emlen

1. Core Principles

Optimal Foraging Theory (OFT) is a foundational theoretical framework within behavioral ecology

and evolutionary biology that seeks to understand and predict the foraging behavior of animals,

including humans. The central premise of OFT, driven by the logic of natural selection, is that

organisms have evolved to maximize their net energy gain while minimizing the associated costs

incurred during the acquisition of food resources. This maximization process is assumed to lead to

behavioral strategies that are "optimal" relative to specific environmental constraints and

physiological needs. The theory posits that the efficiency of foraging directly impacts an organism's

fitness, measured by survival and reproductive success, making optimal strategies highly favored

by evolutionary pressures.

The core principle operates on the assumption of constrained optimization. Animals must make a

continuous series of decisions regarding what food items to pursue, when to abandon a current

resource patch, and which paths to follow. OFT utilizes formal mathematical models to predict

these choices. Key variables in these models include the energy value of a prey item, the time

required to handle or process the prey, the search time needed to locate resources, and the

associated risks (such as exposure to predators or expenditure of metabolic energy). The overall

goal is to maximize the rate of energy intake (energy/time) over the foraging bout, ensuring that the

benefits of the food obtained outweigh the costs of obtaining it.

As highlighted by the source material, OFT stipulates that natural selection has produced optimal

plans for food selection and for choosing the right time to leave a specific patch to look for

resources in other places. This innate preparedness--the "know-how required to find food for

survival"--is not necessarily conscious computation by the organism, but rather a description of the

behavioral algorithms favored by evolution. If an organism's behavior deviates significantly from

the predicted optimal strategy, its fitness would theoretically be reduced compared to competitors

exhibiting more efficient foraging techniques.

2. Historical Development and Theoretical Lineage

The origins of OFT can be traced back to the broader application of economic principles to

biological systems in the 1960s and 1970s, coinciding with the rise of modern behavioral ecology.

Early work by researchers like Robert MacArthur and E. O. Wilson laid the groundwork by applying

mathematical modeling to ecological problems, particularly resource utilization. They formalized
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the concept that organisms should allocate their time and energy efficiently across heterogeneous

environments. This integration of ecology and microeconomics provided the necessary framework

for developing precise predictive models of animal behavior, moving beyond purely descriptive

ethology.

The theory matured significantly with the independent development of key quantitative models in

the mid-1970s, notably by Eric Charnov and later refined and popularized by John Krebs and

Nicholas Davies. Charnov's seminal work introduced the Marginal Value Theorem (MVT), which

provided a powerful tool for predicting patch exploitation behavior. Simultaneously, the

development of the Optimal Diet Model (also known as the Prey Model) formalized the decision-

making process concerning which items, once encountered, should be included in the diet. The

rapid expansion of empirical studies during this era, testing these precise predictions against real-

world animal behavior (often using birds, insects, and small mammals), cemented OFT as a central

paradigm in the field.

3. Key Components: The Optimal Diet Model (ODM)

The Optimal Diet Model (ODM) is designed to predict the optimal breadth of an animal's diet,

addressing the fundamental question of "what to eat." This model simplifies the foraging process

by assuming that prey items are encountered sequentially and that the forager must decide, upon

encounter, whether to pursue the item or continue searching for better alternatives. The ODM

calculates the profitability of a prey item based on its energy content divided by the time required to

handle and consume it (Profitability = E / H, where E is energy and H is handling time).

The critical insight of the ODM is that the inclusion or exclusion of a specific prey item depends not

on how frequently that item is encountered, but rather on how frequently superior items are

encountered. If the expected rate of energy intake from continuing to search for higher-ranking

prey exceeds the profitability of the currently encountered, lower-ranking prey, the forager should

reject the low-ranking item. This results in an all-or-nothing rule: a prey type should either always

be included in the diet or always rejected, regardless of its own abundance.

This model has proven robust in explaining specialization versus generalization in feeding habits.

Highly specialized feeders, such as predators targeting specific types of fish, often reside in

environments where high-value prey are encountered frequently enough that the average energy

intake rate is maximized by ignoring all other, less profitable options. Conversely, generalist

feeders, like many omnivores, operate in environments where high-value prey are scarce,

necessitating the acceptance of lower-profitability items to maintain a sustainable energy intake

rate.
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4. Key Components: The Marginal Value Theorem (MVT)

The Marginal Value Theorem (MVT), developed by Eric Charnov, is the primary OFT tool used to

analyze behavior in patchy environments. A "patch" is defined as any discrete area containing

resources that become depleted as the forager exploits them. The MVT answers the question of

optimal patch residency time: "When should the animal leave the current patch and move to a new

one?" This decision is crucial because staying too long results in diminishing returns, but leaving

too early wastes energy on unnecessary travel time.

MVT predicts that the forager should abandon the current patch when the rate of energy gain

within that patch drops to the average rate of energy gain for the habitat as a whole. This optimal

leaving rate is the marginal value--the instantaneous rate of intake--at the moment of departure.

This theorem elegantly incorporates the cost of travel; if the travel time between patches is long,

the forager must tolerate a lower marginal gain rate in the current patch before departing.

Conversely, if travel time is short, the optimal strategy dictates leaving sooner, when the marginal

rate is still high.

The MVT is often visualized graphically using a curve of cumulative gain over time, where the

optimal departure point is determined by the tangent line from the origin (representing the

beginning of travel to the next patch) to the gain curve. The theorem assumes that the forager

knows the travel time between patches and the distribution of resource quality, allowing it to

calculate the average rate of intake across the entire habitat. Empirical studies involving animals

foraging in artificial patches, such as bumblebees collecting nectar or woodpeckers drilling for

larvae, have consistently supported the MVT's prediction regarding the relationship between travel

time and patch residency duration.

5. Empirical Testing and Methodologies

The empirical validation of OFT has been central to its acceptance within biology. Because the

models generate specific quantitative predictions, they lend themselves well to rigorous testing

under controlled and natural conditions. Initial research often focused on small, easily manipulated

species. For instance, studies on birds like the Great Tit (Parus major) utilized conveyor belt

systems and varied food sizes to confirm the predictions of the Optimal Diet Model regarding

selection criteria. Experiments on animals like the laboratory rat, employing operant conditioning

chambers, directly tested the optimization principles noted in the source material.

In the psychological context, researchers manipulate schedules of reinforcement to mimic the

environmental conditions assumed by OFT. By varying the quantity and delay of rewards (the

handling time and energy value) and the temporal separation of "patches" (travel time), scientists

observe if the animals adjust their foraging effort, speed, and persistence to maximize the rate of

reinforcement, which acts as the energetic currency. These studies confirm that the fundamental
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logic of rate maximization is deeply embedded in the behavioral mechanisms of many species,

aligning with evolutionary expectations.

Modern methodologies extend beyond the laboratory, employing advanced technology to track and

quantify foraging behavior in the wild. GPS logging, remote video observation, and bio-logging

devices (e.g., accelerometers attached to animals) provide high-resolution data on movement

patterns, energy expenditure, and resource utilization. These data allow ecologists to test complex

extensions of OFT, such as models incorporating spatial memory or risk assessment, confirming

that observed behavior often represents a close, though not always perfect, approximation of the

mathematically optimal solution.

6. Applications Beyond Ecology

The optimization logic inherent in OFT has proven highly transferable, making significant

contributions to fields outside traditional behavioral ecology. In human behavioral ecology (HBE), a

subdiscipline of anthropology, OFT models are used extensively to analyze the subsistence

strategies of hunter-gatherer and small-scale agricultural societies. Anthropologists apply the ODM

to predict which resources (e.g., mammals, fish, specific plants) should be prioritized based on

caloric density and acquisition difficulty, and they use the MVT to explain decisions about

settlement relocation and the intensity of local resource exploitation.

Research across various traditional human populations--from Arctic seal hunters to tropical tuber

gatherers--demonstrates that observed resource selection and patch utilization often align

remarkably well with OFT predictions, suggesting that energetic efficiency is a powerful driver of

human economic behavior, even in the absence of market economies. This has led to a deeper

understanding of human adaptability and technological evolution as responses to optimizing

resource acquisition under specific environmental constraints.

Furthermore, OFT principles have inspired Information Foraging Theory (IFT), which views

human interaction with information systems (like the internet or corporate databases) through a

foraging lens. Users are seen as information foragers, deciding which links (patches) to click,

which keywords to pursue (prey selection), and when to abandon a search path based on the

perceived value of the information relative to the search cost (time and cognitive effort). IFT uses

OFT models to predict user behavior online, thus linking evolutionary principles directly to modern

cognitive and technological interactions.

7. Criticisms and Limitations

Despite its predictive power, OFT faces significant theoretical and practical criticisms. A primary

concern is the reliance on the assumption of perfect knowledge. Classical OFT models often

assume that foragers possess complete, current information about resource distribution,
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profitability, and travel costs. In reality, animals operate under high degrees of uncertainty,

requiring them to learn, estimate, and adapt, rendering strictly deterministic optimal solutions

potentially inaccurate.

Another major limitation is the focus on a single currency, typically the rate of net energy intake.

Critics argue that animals often face trade-offs involving multiple, non-energetic currencies

simultaneously. For example, a slightly sub-optimal feeding strategy might be adopted if it

significantly minimizes the risk of predation. Other currencies might include maximizing nutrient

diversity (e.g., protein or mineral intake), minimizing exposure to toxins, or maximizing reproductive

opportunities. Models attempting to incorporate these multi-objective optimizations become

significantly more complex and harder to test.

Finally, OFT is sometimes critiqued for its potential tautology. If an animal's behavior is always

defined as "optimal" because it leads to the observed fitness outcome, the theory loses predictive

specificity. Moreover, the theory often bypasses the cognitive and physiological constraints that

limit true optimality. Real animals use simple decision rules (heuristics) that approximate the

optimal solution, rather than executing complex mathematical computation. The gap between the

theoretical optimal solution and the observed, satisficing behavioral outcome remains a key area of

refinement and debate within behavioral ecology.
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