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The study of evolutionary biology hinges on understanding how the genetic composition of

populations shifts over time in response to environmental pressures. Among the most effective

pedagogical tools for illustrating these complex dynamics is the Natural Selection of Strawfish

simulation. This model, often utilized in advanced secondary and undergraduate biological

curricula (notably AP Biology), provides a controlled environment to observe the mechanisms of all

elic frequency, phenotypic expression, and differential reproductive success. By utilizing a

simplified model-the "Strawfish"-researchers and students can quantify the impact of selection

pressures on a gene pool across successive generations.

Theoretical Framework: Genetics and Evolutionary Pressures

To understand the Strawfish simulation, one must first master the underlying genetic principles that

govern population dynamics. The model specifically targets the intersection of Mendelian genetics

and Darwinian selection. Unlike simple dominant-recessive relationships, the Strawfish model

frequently employs incomplete dominance to demonstrate a broader spectrum of phenotypic

outcomes.

The Role of Incomplete Dominance

In the Strawfish population, the trait for body color is typically determined by two alleles. In a

standard Mendelian model, a dominant allele would completely mask a recessive one. However,

the Strawfish simulation often utilizes a three-phenotype system:

- Homozygous Dominant (C1C1): Represented by one primary color (e.g., Red).

- Homozygous Recessive (C2C2): Represented by a second primary color (e.g., Yellow).

- Heterozygous (C1C2): Represented by an intermediate phenotype (e.g., Orange).

This intermediate phenotype is critical for tracking heterozygote advantage or disadvantage.

When selection acts upon the phenotype, it directly influences the frequency of the underlying

alleles in the next generation's gene pool. The Strawfish model serves as a microcosm for Hardy-

Weinberg Equilibrium, providing a baseline to measure how far a real-world (or simulated)

population deviates from genetic stability.
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Defining Fitness and Selective Pressure

In biological terms, fitness is defined by an organism's ability to survive and reproduce in a specific

environment. In the Strawfish lab, fitness is not an absolute value; it is relative to the environmental

context. Selective pressures-such as predation, resource availability, or environmental toxins-are

introduced to manipulate the survival rate of specific phenotypes. For instance, if the Strawfish live

in an environment where orange individuals are easily spotted by predators, the fitness of the heter

ozygote decreases, leading to a shift in the allelic ratio of the population.

Technical Methodology: The Strawfish Simulation Workflow

The execution of the Strawfish lab requires a rigorous adherence to procedural protocols to ensure

data integrity. The following technical workflow outlines the standard operating procedure for a

multi-generational selection study.

1. Establishing the Initial Gene Pool

The simulation begins with a "Gene Pool" (often a container or bag) containing a fixed number of

alleles. A common starting point is 100 alleles: 50 of Allele 1 and 50 of Allele 2. This represents an

initial allelic frequency (p and q) of 0.5 each. This balanced starting point allows for the clear

observation of directional or disruptive selection.

2. Random Mating and Zygote Formation

To simulate random mating, individuals (represented by pairs of straws) are drawn from the gene

pool without looking. Each pair represents one Strawfish. With 100 alleles, the initial population

consists of 50 individuals. These individuals are categorized by their genotype:

- Red Strawfish (C1C1)

- Orange Strawfish (C1C2)

- Yellow Strawfish (C2C2)

3. Environmental Selection Phase

Once the population is established, a selection event is introduced. This is where the simulation

mirrors real-world ecological challenges. For example, a "predator" may remove a certain

percentage of specific phenotypes. A common scenario involves the total or partial elimination of

one homozygous group due to a lethal mutation or high visibility to predators.

4. Data Recording and Frequency Calculation

After the selection event, the surviving individuals are counted. The alleles of the survivors form the

basis of the next generation. The Allelic Frequency is recalculated using the following formulas:
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Variable Definition Formula in Context

p Frequency of Allele 1 (2 * Count of C1C1 + Count of

C1C2) / Total Alleles

q Frequency of Allele 2 (2 * Count of C2C2 + Count of

C1C2) / Total Alleles

p² Frequency of Homozygous

Dominant

Expected Genotype Frequency

2pq Frequency of Heterozygous Expected Genotype Frequency

q² Frequency of Homozygous

Recessive

Expected Genotype Frequency
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Comparative Analysis of Selection Modes

The Strawfish model can be adapted to demonstrate different modes of natural selection. By

changing which phenotypes are "eaten" or removed from the gene pool, researchers can observe

distinct evolutionary trajectories.

Selection Mode Comparison Matrix
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Selection Type Mechanism Impact on Variation Strawfish Application

Directional Selection One extreme phenotype is

favored over others.

Shifts the population mean

toward the favored trait.

Predators only eat Yellow

fish (C2C2). Allele 2

frequency drops toward

zero.

Stabilizing Selection The intermediate

phenotype is favored;

extremes are selected

against.

Reduces genetic diversity;

reinforces the status quo.

Predators eat Red and

Yellow fish, but leave

Orange fish alone. Allelic

frequencies stay near 0.5.

Disruptive Selection Both extreme phenotypes

are favored over the

intermediate.

Can lead to speciation;

creates a bimodal

distribution.

Predators only eat Orange

(heterozygous) fish. The

population splits into Red

and Yellow groups.
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As noted in technical discussions of the Strawfish lab, disruptive selection is particularly

significant because it creates two extremes, making it more likely for a new species to form over

geological timescales. If the Red and Yellow Strawfish were to eventually stop interbreeding,

speciation would be complete.

Mathematical Modeling: The Hardy-Weinberg Application

In a state of equilibrium, allelic frequencies remain constant. The Strawfish lab proves that in the

presence of selection, equilibrium is broken. The Hardy-Weinberg Equation ($p^2 + 2pq + q^2 =

1$) acts as the null hypothesis. When the observed genotype frequencies in the Strawfish

population deviate significantly from the expected values calculated from $p$ and $q$, we

conclude that evolution is occurring.

Quantitative Example

Suppose a generation of Strawfish starts with $p = 0.5$ and $q = 0.5$. After a heavy predation

event on the Yellow phenotype ($q^2$), the surviving population consists of 20 Red (C1C1) and 20

Orange (C1C2) individuals. The new allelic frequencies would be:

- Total Alleles: (40 survivors * 2) = 80 alleles.

- Count of Allele 1: (2 * 20) + 20 = 60 alleles.

- New p: 60 / 80 = 0.75.

- New q: 20 / 80 = 0.25.

The frequency of Allele 1 has increased from 0.5 to 0.75 in a single generation. This rapid shift

demonstrates the power of strong selective pressure.

Practical Implementation and Field Guide for Researchers

Conducting the Strawfish lab requires more than just counting straws; it requires meticulous data

management. Below is a checklist for professional execution of the simulation.

Preparation and Standardization

- Material Consistency: Use straws of identical texture and size, differing only in color, to

prevent "predator bias" based on tactile feedback.

- Sample Size: Start with at least 50 individuals (100 alleles). Smaller sample sizes are prone to

Genetic Drift, where random chance overrides the effects of natural selection.

- Environmental Variables: Define the "habitat." Is it a dark bag? A bright table? The visibility of

the phenotypes should correlate with the selection rules.
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Common Pitfalls and Troubleshooting

Even in controlled simulations, errors can occur that skew the data. It is essential to identify and

mitigate these failure modes.

1. Sampling Error: If too few individuals are drawn for the next generation, the allelic frequency

may shift due to luck rather than fitness. This is known as the Founder Effect or Bottleneck

Effect.

2. Incomplete Selection: If the rules of predation are not applied consistently (e.g., forgetting to

remove a certain color), the shift in allelic frequency will be muted, leading to a false

conclusion of stability.

3. Calculation Errors: Failing to double the number of homozygous individuals when counting

alleles is a frequent technical error. Always remember: 1 Homozygote = 2 Alleles of the same

type; 1 Heterozygote = 1 of each.

Case Study: The Impact of Environmental Shifts

Consider a longitudinal study of Strawfish where the environment shifts over four generations.

Initially, the water is clear, and Orange fish (heterozygotes) blend in best (Stabilizing Selection). By

Generation 3, an influx of sediment makes the water murky, favoring the darker Red fish

(Directional Selection).

Data from such a study often shows a "lag" in genetic response. The allelic frequency does not

shift instantly; it follows a curve that reflects the selection coefficient (the intensity of selection

against a genotype). This case study illustrates that evolution is often a response to a changing

environment rather than a march toward a "perfect" form.

Broader Implications in Evolutionary Biology

The Strawfish model, while a simplification, mirrors the real-world complexities found in ichthyology

and conservation genetics. In real freshwater ecosystems, fish populations face similar pressures

from agricultural runoff (environmental change) and invasive species (new predators). The ability to

predict how these factors will influence the genetic health of a population is vital for biodiversity

management.

Furthermore, the lab highlights the importance of genetic diversity. Populations that lose an allele

entirely (fixation) lose their ability to adapt to future environmental changes. If Allele 2 (Yellow) is

completely eliminated from the Strawfish gene pool, and the environment later changes to favor

Yellow traits, the population may face extinction because the necessary genetic variation no longer

exists.

In summary, the Natural Selection of Strawfish serves as a powerful analytical framework for

quantifying the invisible forces of evolution. Through the rigorous application of the
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Hardy-Weinberg principle and the careful observation of phenotypic shifts, we gain a deeper

understanding of how life persists and adapts in an ever-changing world. The transition from a bag

of straws to a sophisticated understanding of allelic frequencies represents the bridge between

abstract theory and empirical science, providing a foundation for future inquiry into the genomic

structures of all living organisms.
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