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Understanding the inheritance of traits in bird populations, especially those
related to singing behavior, has long fascinated ornithologists and
geneticists alike. The non-singing trait in female birds, which includes
characteristics such as the absence of song production, can be influenced by
genetic factors, environmental conditions, and their interactions. If we
consider a hypothetical scenario where a specific genetic trait governs
singing ability, the question arises: what percentage of female birds would
exhibit the non-singing trait in generations 4 and 5 under certain
conditions? To explore this, we need to delve into the principles of
inheritance, population genetics, and the specific dynamics of this trait.

Foundations of Trait Inheritance in Birds

Genetic Basis of Singing Behavior
Many studies suggest that singing behavior in birds has a genetic component,
though environmental influences are also significant. The trait may be
controlled by:

e Single genes with dominant or recessive alleles

e Polygenic traits involving multiple genes

e Gene—environment interactions

In the context of this analysis, we'll assume that the non-singing trait is
inherited as a simple Mendelian recessive trait for clarity.

Genetic Inheritance Models

The common models used to predict trait inheritance include:

1. Mendelian inheritance: Dominant and recessive alleles determine
phenotypes.

2. Incomplete dominance: Heterozygotes express an intermediate trait.

3. Polygenic inheritance: Multiple genes contribute cumulatively.

For simplicity, we'll focus on Mendelian inheritance, where:
- S = allele for singing

- s = allele for non-singing

— The non-singing trait (s) is recessive.



Initial Population and Assumptions

Starting Population Composition

Suppose we start with a population where:

— The frequency of the singing allele (S) 1is p.

- The frequency of the non-singing allele (s) is q.

— The initial population is in Hardy-Weinberg equilibrium, where p + g = 1.

Specific Assumptions for the Scenario
To analyze the change over generations, we assume:
e Non-singing females are at a reproductive disadvantage (e.g., they
produce fewer offspring), leading to a decrease in the s allele over
time.

e Mate choice is random with respect to singing ability.

e No mutation, migration, or selection pressures other than reproductive
success are acting.

e The trait is inherited strictly as a recessive trait.

Predicting Trait Frequencies Over Generations

Generation 0: The Starting Point

Let’s assume initial allele frequencies:
- p=0.7 (70% 9)
- g 0.3 (30% s)

Genotype frequencies at equilibrium:
e SS: p? = 0.49 (49%)
e Ss: 2pg = 0.42 (42%)

e ss: g? =0.09 (9%)

Since s is recessive, only individuals with ss genotype are non-singing
females.

Generation 1: Applying Basic Mendelian Predictions

Assuming no selection, the genotype frequencies in the next generation remain
the same. However, if non-singing females have reduced reproductive success,
the frequency of the s allele decreases over generations.



Effects of Selection Against Non-singing Females

Suppose the reproductive success (fitness) of ss females is reduced by a

factor s (not to be confused with allele s). For simplicity:
- Fitness of SS and Ss females: 1
— Fitness of ss females: 1 - s (where 0 < s £ 1)

The allele frequency in the next generation can be calculated using the
standard selection equations:

\

q' = \frac{g”2 (1 - s) + gp (1 - s)}{\overline{w}}

\1]

where \ (\overline{w}\) 1s the average fitness.

Given the initial frequencies, as generations proceed, the frequency of the s
allele (g) decreases because of selection against ss females.

Estimating Non-singing Trait Percentage in
Generations 4 and 5

Expected Allele Frequencies Over Multiple Generations

Using recursive calculations or allele frequency equations, we can estimate:
- The decline in g over generations.
— The corresponding decrease in ss genotype frequency (non-singing females).

Suppose the selection coefficient (s) is strong enough to halve the frequency
of s over each generation (a hypothetical scenario):
- After 1 generation, q » gq, / 2

- After 2 generations, g ~ g, / 4
- After 3 generations, g ~ g, / 8
- After 4 generations, g ~ g, / 16
- After 5 generations, g ~ q, / 32

Given initial g = 0.
- Generation 4: g =
- Generation 5: g

16 ~ 0.01875
32 ~ 0.009375

Q

3:
0.3/
0.3 /
Corresponding ss genotype frequency:

- Generation 4: g? ~ (0.01875)% ~ 0.000351 (about 0.035%)
- Generation 5: g? ~ (0.009375)2 ~ 0.000088 ~ 0.0088%

Therefore, in these generations:

— The percentage of non-singing females (ss) would be approximately 0.035% in
Generation 4.

— The percentage would decrease further to approximately 0.009% in Generation
5.

Implications of These Predictions

Such dramatic decreases suggest that, under strong selection pressures, the
non-singing trait can become nearly extinct over a few generations. However,
in real populations, factors like mutation, gene flow, and variable selection
can alter these dynamics.



Additional Factors Affecting Trait Frequencies

Environmental Influences

Environmental factors may:

- Mask genetic effects.

— Introduce new genetic variations.

- Affect reproductive success independently of genotype.

Genetic Drift and Population Size

In small populations:

— Random fluctuations (genetic drift) can significantly influence allele
frequencies.

- The non-singing trait may persist longer or disappear more rapidly
depending on chance.

Mate Choice and Behavioral Factors

If females prefer singing males:

— It can reinforce the prevalence of the singing allele.

— Non-singing females may have reduced mating success, accelerating the
decline of the s allele.

Conclusion: The Likely Percentage of Non-
singing Females in Generations 4 and 5

Based on Mendelian inheritance principles, assuming strong selection against
non-singing females, the percentage of females exhibiting the non-singing
trait in generations 4 and 5 could plummet to near negligible levels—less
than 0.1%. This illustrates how quickly a recessive trait can diminish in a
population under selective pressure. However, actual outcomes depend heavily
on the specific biological context, environmental factors, and population
dynamics.

In real-world scenarios, the persistence of the non-singing trait would be
influenced by factors such as mutation rates, gene flow, and social
behaviors, which can either slow down or accelerate the decline. Nonetheless,
the simplified model provides a clear insight into the power of natural
selection and genetic inheritance in shaping phenotypic traits across
generations.

Summary:

— Generation 4: Approximately 0.035% of female birds would be non-singing if
strong negative selection persists.

— Generation 5: Approximately 0.009% would retain the non-singing trait under
the same conditions.

These figures highlight the rapid decrease in recessive trait prevalence over
successive generations when selection pressures favor the dominant trait.



Frequently Asked Questions

What is the initial percentage of female birds
exhibiting the non-singing trait in the first
generation?

The initial percentage of female birds with the non-singing trait depends on
the starting population; for example, 1if 50% initially exhibit the trait,
that sets the baseline for subsequent generations.

How does the non-singing trait percentage change from
generation 4 to 5 in female birds?

The percentage change depends on the inheritance pattern and selection
pressures; generally, i1if the trait is recessive or affected by environmental
factors, it may increase or decrease accordingly, but specific values require
data from the breeding model.

What factors influence the percentage of non-singing
female birds in these generations?

Factors include genetic inheritance patterns, selection pressure, mutation
rates, environmental influences, and breeding practices targeting the trait.

Can the non-singing trait become more common in
female birds over generations?

Yes, i1f the non-singing trait offers a selective advantage or is linked to
other favorable genes, its prevalence can increase over generations.

What is the expected percentage of non-singing female
birds in generation 4 if the trait is recessive and
initially rare?

Without specific data, it's hard to provide an exact percentage, but

generally, 1if recessive and initially rare, the percentage in generation 4
may be low unless selection or genetic drift increases its frequency.

How might selective breeding impact the non-singing
trait in generations 4 and 57?

Selective breeding aimed at increasing or decreasing the non-singing trait
can significantly alter its percentage, potentially leading to higher
prevalence if selected for or lower if selected against.

Is it possible for the non-singing trait to disappear
entirely in female birds by generation 5°?

Yes, 1f the trait is selected against or diminished through genetic drift, it
is possible for it to disappear entirely by generation 5.



Additional Resources
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The non-singing trait in female birds presents a fascinating case study in
the realms of genetics, behavioral ecology, and evolutionary biology.
Understanding how this trait propagates through generations offers insights
into the mechanisms of inheritance, sexual selection, and population
dynamics. In this comprehensive review, we explore the potential percentage
of female birds lacking singing ability in generations 4 and 5, assuming a
specific inheritance pattern, environmental influence, and selective
pressures. Through detailed genetic models and analytical reasoning, we aim
to elucidate the trajectory of this trait across multiple generations.

Understanding the Non-singing Trait in Female
Birds

Definition and Significance of the Trait

In avian species, singing is often associated with mate attraction, territory
defense, and social communication. However, some female birds lack singing
ability, either inherently or due to environmental factors. The non-singing
trait refers to females that do not produce songs, which may influence their
reproductive success and social interactions.

This trait can be:

— Genetically determined, with heritable components.

— Environmentally influenced, where external factors suppress singing.
- A combination of both, involving complex inheritance patterns.

Understanding whether the trait is dominant, recessive, or polygenic is
critical for predicting its frequency in future generations.

Genetic Basis of the Non-singing Trait

Inheritance Patterns and Assumptions

For analytical simplicity, let's assume the following:

— The non-singing trait is controlled by a single gene with two alleles:
- S: allele for singing ability (dominant)

— s: allele for non-singing (recessive)

— S is dominant over s.

— Females can be:

- SS: singing (homozygous dominant)

- Ss: singing (heterozygous)

— ss: non-singing (homozygous recessive)



— The non-singing trait manifests only in ss females.
- Males, for simplicity, are not considered in this model or are assumed to
be unaffected carriers.

This model allows us to predict the frequency of non-singing females based on
allele distribution.

Initial Population and Allele Frequencies

Setting the Stage

To determine the future percentages, we need initial data:
— Initial frequency of the s allele in the population (denoted as q).
— Initial frequency of the S allele (denoted as p), where p + g = 1.

Suppose, at the starting point (Generation 1), the allele frequencies are:
- p (S): 0.7
- g (s): 0.3

This initial assumption reflects a population where singing females are more
common than non-singing ones.

Calculating the Frequency of Non-singing
Females in Generation 1

Given the Hardy-Weinberg equilibrium:
- Frequency of ss females = g?

At the outset:
- g=20.3
- ss females (non-singing) = (0.3)? = 0.09 or 9%

Thus, initially, approximately 9% of females are non-singing.

Predicting Changes Across Generations 4 and 5

Modeling Allele Frequency Dynamics

Allele frequencies evolve over generations due to factors such as:

— Selection: If non-singing females have differential reproductive success.
— Genetic drift: Random fluctuations.

— Migration: Introduction of new alleles.



Assuming no selection for simplicity and random mating, allele frequencies
remain constant across generations (Hardy-Weinberg equilibrium). However,
real-world scenarios often involve selection pressures.

Suppose non-singing females have a selective disadvantage—say, their
reproductive success is 80% that of singing females—then the allele
frequencies would shift over time.

Incorporating Selection into the Model

Let’s define:

- w_S: fitness of S allele carriers (heterozygous and homozygous dominant)

— w_s: fitness of s allele carriers (ss females), which is 0.8 relative to S
carriers.

Using selection coefficients:
- For non-singing females (ss): fitness = 0.8

- For singing females (Ss and SS): fitness = 1

The change in allele frequencies can be modeled using the standard equations
for selection:

q’ = (q w_s) / W

allele s frequency in the next generation
= average fitness of the population

(.
= .Q
(I

Calculations involve:

1. Computing genotype frequencies.

2. Adjusting for differential fitness.
3. Normalizing to total fitness.

Step-by-Step Calculation for Generations 4 and
5

Generation 1 to 2

- Initial g = 0.3

— Under selection, g will increase if non-singing females have lower fitness,
but in this case, they are at a disadvantage, so g decreases over
generations.

Suppose, after applying selection, the new allele frequency g in Generation 2
drops to approximately 0.25.



Subsequent Generations

— Repeating the process, g continues to decline:
- Generation 3: g = 0.21
— Generation 4: g 0.17
- Generation 5: g 0.14

Q

Q

Correspondingly, the percentage of non-singing females (ss genotype):
- Generation 4: g? » (0.17)2 ~ 0.0289 or 2.89%

2

- Generation 5: g? ~ (0.14)2 ~ 0.0196 or 1.96%

Therefore, if the non-singing trait is recessive and subjected to negative
selection, the percentage of non-singing females would decrease from 9%
initially to approximately 2.9% in Generation 4 and around 2% in Generation
5.

Alternative Scenarios and Their Implications

Neutral Evolution (No Selection)

If the trait is neutral—-no selection against non-singing females—allele
frequencies stay constant:

— The percentage of non-singing females remains at 9% through generations 4
and 5.

Positive Selection for Non-singing Females

If the non-singing trait confers an advantage (e.g., better survival or
reproductive success), allele frequencies could increase:

- Starting from g = 0.3, g might rise to 0.4 or higher over generations.
- Correspondingly, ss females could constitute:

— Generation 4: 16% or more

— Generation 5: 20% or more

This would suggest that non-singing females become more prevalent over time.

Polygenic and Environmental Factors

In reality, singing ability may be influenced by multiple genes and
environmental conditions, complicating predictions. For instance:

- Polygenic inheritance could produce a continuous variation in singing
ability.

— Environmental suppression might lead to a higher percentage of non-singing
females independent of genetics.

In such cases, models must incorporate quantitative genetics and
environmental variance to accurately estimate frequencies.



Summary and Conclusions

Predicting the percentage of non-singing females in future generations
involves understanding inheritance patterns, initial allele frequencies, and
selection pressures. Under the simplified assumptions of a single-gene
recessive trait with initial allele frequency of 0.3, the percentage of non-
singing females is approximately 9% at the start. If negative selection acts
against the non-singing trait, this percentage diminishes over generations,
falling to roughly 2% by the fifth generation.

In contrast, i1f the trait is neutral or positively selected, the percentage
could remain stable or increase. Real-world scenarios are often more complex,
involving multiple genes and environmental influences, requiring more
sophisticated models.

Implications for conservation and behavioral studies include understanding
how traits associated with mating success, social hierarchy, or survival
evolve over time, shaping the structure of bird populations.

Final Remarks

Predictive modeling of behavioral traits like singing ability in female birds
provides valuable insights into evolutionary dynamics. By integrating
genetics, ecology, and evolutionary theory, researchers can forecast trait
prevalence across generations, informing conservation strategies, breeding
programs, and our broader understanding of avian biology.

Note: The figures and percentages provided are based on simplified models and
assumptions. Actual field data may vary, and more complex genetic
architectures or environmental factors could influence outcomes
significantly.
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