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Campbell Biology Evolution and Nonrandom Mating: Understanding Deviations from Hardy-Weinberg

Equilibrium

campbell biology evolution and nonrandom mating us explores crucial concepts within evolutionary
biology, particularly how real-world populations often deviate from the idealized conditions of the
Hardy-Weinberg equilibrium. This deviation is driven by several factors, with nonrandom mating playing
a significant role in shaping allele frequencies and genetic variation within populations. Understanding
nonrandom mating is essential for comprehending the mechanisms of evolution and how they manifest
in diverse biological systems across the United States and globally. This comprehensive article delves
into the intricacies of nonrandom mating, its various forms, its effects on genetic diversity, and its

implications for evolutionary processes as presented in Campbell Biology.
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What is Nonrandom Mating?

Nonrandom mating refers to a mating pattern where the probability that two individuals in a population
will mate is not the same for all possible pairs. In simpler terms, individuals choose their mates based

on certain criteria, rather than selecting mates randomly from the entire population. This contrasts with
the assumption of random mating, a cornerstone of the Hardy-Weinberg principle, which posits that all
genotypes in a population have an equal chance of mating. When mating is nonrandom, it can lead to
predictable changes in the genetic makeup of a population over time, even in the absence of mutation,
gene flow, or natural selection. The patterns of mate choice can be influenced by a variety of factors,

including physical proximity, phenotypic similarity, social structures, and ecological conditions.

In the context of Campbell Biology, understanding nonrandom mating is critical because it is a
pervasive force that directly impacts allele and genotype frequencies, thereby influencing the
evolutionary trajectory of a species. While it does not directly change allele frequencies itself, it alters
genotype frequencies in a way that can indirectly influence the effectiveness of other evolutionary
forces like natural selection. For instance, increased homozygosity due to inbreeding can expose

deleterious recessive alleles to selection more readily, accelerating their removal from the population.

Types of Nonrandom Mating

Nonrandom mating can manifest in several distinct forms, each with its own unique pattern of mate
selection and subsequent impact on the genetic structure of a population. These patterns are not
mutually exclusive and can often occur simultaneously within a population. Recognizing these different
types allows for a more nuanced understanding of how mating behavior influences evolutionary

processes.



Assortative Mating

Assortative mating occurs when individuals with similar phenotypes tend to mate with each other more
often than would be expected by chance. This can be positive assortative mating, where like mates
with like (e.g., tall individuals prefer to mate with tall individuals), or negative assortative mating, where
unlike individuals tend to mate (e.g., individuals with rare phenotypes prefer to mate with those with

common phenotypes, though this is less common and often discussed as disassortative mating).

In the case of positive assortative mating, the frequency of homozygotes increases in the population,
while the frequency of heterozygotes decreases. For example, if mating preference is based on a
specific trait controlled by a single gene, positive assortative mating will lead to an increase in
individuals homozygous for the alleles associated with that trait. This phenomenon is observed in
various species, influencing mate choice based on visual cues, olfactory signals, or behavioral
displays. The implications for evolution are significant, as it can lead to genetic divergence between

subgroups within a population if assortative mating is strong and consistent.

Disassortative Mating

Disassortative mating, also known as negative assortative mating, is the opposite of assortative
mating. It occurs when individuals with dissimilar phenotypes are more likely to mate than individuals
with similar phenotypes. This pattern is less common but can be driven by mechanisms that promote

outbreeding or avoid mating with genetically similar individuals.

Disassortative mating tends to increase the proportion of heterozygotes in the population. This is
because individuals with different genotypes or alleles are preferentially pairing up. For example, in
some species, mate choice is influenced by the major histocompatibility complex (MHC) genes, which
play a role in the immune system. Individuals may be attracted to mates with dissimilar MHC
genotypes, leading to offspring with a broader range of immune defenses. This can be an adaptive

advantage, as it increases the likelihood that offspring will be able to combat a wider array of



pathogens.

Inbreeding

Inbreeding is a specific form of nonrandom mating where individuals mate with relatives more often
than expected by chance. This is a common scenario in populations with limited dispersal or strong
social structures where individuals are more likely to encounter and mate with their kin. While not
strictly a form of assortative mating based on phenotype, inbreeding effectively increases

homozygosity by increasing the probability that an offspring inherits identical alleles from both parents.

The primary consequence of inbreeding is an increase in homozygosity and a decrease in
heterozygosity across the genome. This can lead to inbreeding depression, a reduction in the fitness of
individuals due to the increased expression of deleterious recessive alleles. When homozygous, these
harmful alleles, which might otherwise be masked in heterozygous individuals, can have detrimental
effects on survival and reproduction. Inbreeding is a significant concern in conservation biology, as it

can threaten the viability of small, isolated populations.

Mechanisms Driving Nonrandom Mating

Several biological and ecological factors contribute to nonrandom mating patterns in populations.
These mechanisms often intertwine, creating complex mating systems that influence genetic variation
and evolutionary dynamics. Understanding these drivers is key to interpreting observed mating

behaviors and their genetic consequences.

¢ Habitat Choice and Gene Flow: If individuals tend to settle and reproduce in specific
microhabitats, and these habitats are occupied by individuals with particular traits, this can lead

to nonrandom mating. For instance, if a plant species has individuals with different flower colors,



and pollinators preferentially visit one color, the genes for that color will be disproportionately

passed on.

» Sexual Selection: This is a powerful form of nonrandom mating where individuals choose mates
based on desirable traits that enhance reproductive success. It can lead to elaborate courtship

displays, sexual dimorphism, and the evolution of extreme secondary sexual characteristics.

e Social Structure and Grouping: In many species, social organization dictates mating patterns. For
example, in hierarchical societies, dominant individuals may monopolize mating opportunities,

leading to nonrandom mating with respect to genotype.

¢ Life History Traits: Factors like dispersal ability, territoriality, and parental care can indirectly
influence mating patterns. Limited dispersal, for instance, increases the likelihood of mating with

relatives, promoting inbreeding.

e Phenotypic Matching: As discussed in assortative mating, direct preference for mates with
similar or dissimilar traits is a primary driver. This preference can be innate or learned and is

often tied to factors like health, genetic compatibility, or resource acquisition potential.

Consequences of Nonrandom Mating on Allele Frequencies and

Genotype Frequencies

It is crucial to distinguish the effects of nonrandom mating on genotype frequencies versus allele
frequencies. Nonrandom mating, by itself, does not alter allele frequencies in a population. For
example, if a population has alleles A and a in a 50:50 ratio, nonrandom mating will not change this
ratio. However, it profoundly affects genotype frequencies. In the absence of nonrandom mating, the
genotype frequencies would be predictable by the Hardy-Weinberg equation: p? (AA), 2pq (Aa), and g2

(aa), where p and q are the frequencies of alleles A and a, respectively.



Under positive assortative mating or inbreeding, the frequency of homozygotes (AA and aa) increases,
while the frequency of heterozygotes (Aa) decreases. For instance, inbreeding would lead to genotype
frequencies that deviate from the Hardy-Weinberg expectations, with more AA and aa individuals and

fewer Aa individuals than predicted. Conversely, disassortative mating would lead to an increase in the

frequency of heterozygotes and a decrease in homozygotes.

While nonrandom mating doesn't directly change allele frequencies, it can indirectly influence them by
interacting with other evolutionary forces. For example, increased homozygosity due to inbreeding can
expose recessive deleterious alleles to natural selection. If these alleles are detrimental, selection will

act to remove them, thus changing allele frequencies over time. Therefore, nonrandom mating sets the

stage for other evolutionary mechanisms to operate more effectively.

Nonrandom Mating vs. Other Evolutionary Forces

It is essential to differentiate nonrandom mating from the other primary forces of evolution: mutation,
gene flow, and natural selection. While all these factors can alter the genetic makeup of a population,

they operate through distinct mechanisms.

¢ Mutation: The ultimate source of new genetic variation. Mutations introduce new alleles into a

population, directly changing allele frequencies.

¢ Gene Flow: The movement of alleles between populations. Immigration and emigration introduce

or remove alleles, altering allele frequencies.

¢ Genetic Drift: Random fluctuations in allele frequencies due to chance events, particularly

significant in small populations.

* Natural Selection: Differential survival and reproduction of individuals based on their traits. This



leads to an increase in the frequency of advantageous alleles and a decrease in the frequency

of disadvantageous ones.

Nonrandom mating, as discussed, primarily affects genotype frequencies by altering the probabilities of
different combinations of alleles occurring in offspring. It does not create new alleles (like mutation) or
move alleles between populations (like gene flow). Its impact on allele frequencies is indirect, mediated

by how it changes the genetic environment for natural selection or genetic drift.

Examples of Nonrandom Mating in Nature and Human

Populations

Nonrandom mating is observed across a vast array of organisms, reflecting the diverse strategies
employed for reproduction and mate selection. These examples illustrate the real-world impact of these

mating patterns.

¢ Pea plants (Pisum sativum): In self-pollinating plants like peas, inbreeding is the norm. This

leads to a high degree of homozygosity.

¢ Humans: Human mating patterns are complex and influenced by culture, geography, and social
factors. Assortative mating can occur based on traits like height, education level, and

socioeconomic status. Inbreeding has historically occurred in isolated human communities.

¢ Elephant seals: These marine mammals exhibit extreme sexual selection, where dominant males
monopolize breeding opportunities. This is a clear example of nonrandom mating driven by

competition.



¢ Certain bird species: Many bird species engage in assortative mating based on plumage color,
song, or courtship displays. For instance, male and female cardinals often exhibit assortative

mating based on mate preference for similar coloration.

¢ Snails: Some snail species show assortative mating based on shell morphology, which can be

influenced by genetic factors.

These diverse examples underscore the universality of nonrandom mating as an evolutionary factor

shaping the genetic diversity and adaptation of populations worldwide.

Significance of Studying Nonrandom Mating in Campbell

Biology

The study of nonrandom mating is fundamental to a comprehensive understanding of evolutionary
biology as presented in Campbell Biology. It moves beyond the simplified model of Hardy-Weinberg
equilibrium to address the complexities of real-world populations. By examining nonrandom mating,

students and researchers can gain insights into:

e The mechanisms of microevolution: How allele and genotype frequencies change within

populations over generations.

» Genetic diversity: The role of mating patterns in maintaining or reducing genetic variation, which

is crucial for a population's ability to adapt to changing environments.

e Speciation: How assortative mating and inbreeding can contribute to reproductive isolation and

the formation of new species.



e Conservation genetics: The implications of inbreeding and reduced genetic diversity for the

survival of endangered species.

e Human evolution and genetics: Understanding historical and contemporary human mating

patterns and their effects on human genetic variation.

Ultimately, dissecting the influence of nonrandom mating provides a deeper appreciation for the
intricate interplay of factors that drive evolution and shape the incredible biodiversity observed on

Earth.

FAQ

Q: How does nonrandom mating differ from mutation in its effect on

evolution?

A: Mutation is the ultimate source of new genetic variation, introducing entirely new alleles into a
population and directly changing allele frequencies. Nonrandom mating, conversely, does not create
new alleles; instead, it alters the frequencies of existing genotypes by favoring certain combinations of
alleles, indirectly influencing evolutionary outcomes by changing how other forces like natural selection

act on the population.

Q: Can nonrandom mating lead to the development of new species?

A: Yes, nonrandom mating can contribute to speciation. Strong assortative mating, for instance, can
lead to reproductive isolation if subgroups within a population begin to mate preferentially with each
other, reducing gene flow between them and potentially leading to the divergence of lineages into

distinct species over time.



Q: What is the primary consequence of inbreeding on a population's

genetic health?

A: The primary consequence of inbreeding is an increase in homozygosity and a decrease in
heterozygosity. This often leads to inbreeding depression, where the expression of deleterious
recessive alleles becomes more common, reducing the overall fitness of individuals in terms of survival

and reproductive success.

Q: Does nonrandom mating always result in a decrease in genetic
variation?

A: Not necessarily. While inbreeding and positive assortative mating tend to decrease heterozygosity
and can reduce variation by exposing deleterious alleles to selection, disassortative mating actually
increases heterozygosity. The overall effect on genetic variation depends on the specific type of

nonrandom mating and its interaction with other evolutionary forces.

Q: How do sexual selection and assortative mating relate to each

other?

A: Sexual selection is a powerful driver of assortative mating. When individuals choose mates based
on desirable traits, they are engaging in assortative mating if those traits are heritable. For example, if
females prefer males with brighter plumage, and this trait is genetically determined, this preference

leads to positive assortative mating for plumage genes.

Q: In what types of organisms is inbreeding most commonly observed?

A: Inbreeding is most commonly observed in organisms that are hermaphroditic and capable of self-
fertilization, such as many plants and some invertebrates. It is also prevalent in species with limited

dispersal capabilities, small population sizes, or strong social structures that favor mating between



relatives.

Q: How does the Hardy-Weinberg principle account for nonrandom
mating?

A: The Hardy-Weinberg principle assumes random mating as one of its five conditions for a population
to be in equilibrium. Therefore, nonrandom mating is considered a violation of this assumption, and its
presence means the population is evolving and will not conform to Hardy-Weinberg genotype

frequencies.
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