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A Primer of Ecological Genetics

This book covers basic concepts in population and quantitative genetics, including measuring 
the selection of phenotypic traits. The emphasis is on material applicable to field studies of 
evolution, focusing on ecologically important traits. Topics addressed are critical for training 
students in ecology, evolution, conservation biology, agriculture, forestry and wildlife management. 

Many texts in this field are too complex and mathematical to allow the average student to grasp 
the key concepts. A Primer of Ecological Genetics, in contrast, employs mathematics and statistics-
fully explained, but at a less advanced level-as tools to improve understanding of biological 
principles. Integration of the different chapters of the book shows students how diverse concepts 
relate to each other. 
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Population genetics is the study of the genetic constitution (structure) of populations, 
the frequencies of alleles and genotypes and how this constitution changes with time 
under the influence of different evolutionary processes (e.g. genetic drift, natural 
selection, migration, mutation, assortative mating).  

A population is a set of organisms in which any pair of members can breed together. 
This implies that all members belong to the same species and live near each other. 
Population genetics also takes into account the factors of population subdivision and 
population structure. It attempts to explain such phenomena as adaptation and 
speciation. 

The primary goals of population genetics are to understand the factors determining 
evolutionary change and stasis and the amount and pattern of genetic variation 
within and between populations. 

Hedrick, 2011
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Population / Metapopulation

Subpopulation
Gene flow

Species are divided into populations. A group of populations connected 
by some level of gene flow is often referred to metapopulation. The units 
within a metapopulation are called subpopulations.  
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In the early part of the 20th century, Gregor Mendel’s experimental work on pea plants was commonly 
perceived to be at odds with Darwinian natural selection; the former, it was argued, was evidence for 
discontinuous evolution (involving large changes from parent to offspring), whereas the latter required 
continuous evolution (involving small gradual changes from parent to offspring). However, no later than 
1932, the field of theoretical population genetics emerged as a reconciliation between Mendelism and 
Darwinism. Most biologists at the time accepted the fact of evolution, or Darwin’s “descent with 
modification,” but Darwin’s idea of natural selection as a cause of that modification was controversial. 
Indeed, lacking was any generally accepted account of genetic variation in populations (is the variation 
continuous or discontinuous?), evolutionary change (is change gradual or saltational?), and an 
understanding of the appropriate use of statistical methods for studying these. The emergence of 
theoretical population genetics, which addressed all of these issues, is typically associated with the work of 
R. A. Fisher, Sewall Wright, and J. B. S. Haldane.

The foundational works that ushered in theoretical population genetics are: 

Fisher (1930) The Genetical Theory of Natural Selection. 
Wright (1931) Evolution in Mendelian Populations. 

Haldane (1932) The Causes of Evolution. 

Millstein and Skipper, 2007
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Population genetics is the study of genetic variation within populations and 

involves the examination and modelling of changes in the frequencies of 
genes and alleles in populations over space and time. Many of the genes found 

within a population will be polymorphic, they will occur in several different forms 

(or alleles). Mathematical models are used to investigate and predict the 
occurrence of specific alleles or combinations of alleles in populations, based 

on developments in the molecular understanding of genetics, Mendel’s laws of 

inheritance and modern evolutionary theory. The focus is the population or the 
species - not the individual.
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"Current" Phenotypic Variability

t0 ti

"Future" Phenotypic Variability

‣ Environment 
‣ Mutation 
‣ Genetic Drift 
‣ Selection 
‣ Recombination 
‣ Migration 
‣ Non-Random Mating
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⇅Environment 
⇅Mutation 
⇅Genetic Drift 
⇅Selection 
⇅Recombination 
⇅Migration 
⇅Non-Random Mating

Number of Alleles?
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↑Migration 
↑Mutation 
Environment 
Recombination 
↓Migration 
↓Genetic Drift 
↓Selection 
↓Non-Random Mating

Number of Alleles
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Phenotypic variability
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VP =VG +VE
Phenotypic variability for a trait within a populations:

The heritability of a trait:
VG
VE

VG: genotypic variation 

VE: environmental variation
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VP =VG +VE + (VG ×VE )
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Phenotypic differences between populations observed in 
the wild are not a reliable indicator of genetic differences 
between populations without additional information! In some 
cases, all of the phenotypic differences between populations 
may result from environmental conditions. → Non-Genetic 
Inheritance!
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Phenotypic plasticity
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Phenotypic plasticity is the ability of an organism to change its 
phenotype in response to changes in the environment. A 
condition in which the same genotype produces different 
phenotypes in different environments.

Environmental variable
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Source: Weiss (2019). Sensory Ecology of Predator-Induced Phenotypic Plasticity. Frontiers in Behavioral Neuroscience.

Inducible morphological defenses are manifold in the genus Daphnia. The listed examples show helmet expression in D. 
cucullata (A); crest expression in D. longicephala (C); head- and tail-spine formation D. lumholtzi (D), and neckteeth expression 

in D. pulex (B). Undefended morphotypes are displayed on the left side, and the defended morphotype on the right side.
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Source: van der Burg & Reed (2021) Seasonal plasticity: how do butterfly wing pattern traits evolve environmental 
responsiveness? Current Opinion in Genetics & Development. 69: 82-87. 

Seasonal plasticity
Butterfly wing phenotypic plasticity comes in 
many forms; wing pattern, wing color, wing 
shape and eyespot size can all change. (a) 
Precis octavia, (b) Junonia coenia, (c) Junonia 
almana, (d) Junonia coenia. 

Highlights: 

Phenotypic plasticity in butterfly wings is 
widespread, and different wing pattern traits 
evolve plastic responses independently. 

Seasonal plasticity in butterflies is mediated 
by the hormone ecdysone. 

Ecdysone signaling has been shown to affect 
the chromatin landscape in other insect 
species.
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Epigenetics is the study of phenotypic effects of changes in gene expression 
caused by mechanisms other than changes in the underlying DNA sequence, 
such as inherited changes to DNA structure and packaging including DNA 
methylation and histone modifications.
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It has been suggested that understanding genetic change in populations requires 
the incorporation of cultural inheritance: the part of the phenotypic variation that is 
inherited socially or learned from others (Danchin et al. 2011).

Humans aren’t the only primate species with cultural differences: even in the same 
environment, different groups of chimpanzees use different tools (Luncz et al. 2012). 

 Chimps living in a national park in Cote d’Ivoire like eating Coula nuts. They hammer 
them open with stone or wood. At the beginning of the season, the nutshells are harder. 
So you might expect all the chimps in the forest to initially use stone hammers and then 
switch to easy-to-find wooden tools when the nut-cracking requires less force. 

But researchers examined the tool use of three different chimpanzee communities and 
found that despite sharing genes and a habitat, each group chose their hammers 
differently.
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Sexual (size) dimorphism
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Polygenic trait refers to a trait that is controlled by multiple non-allelic genes. These 
genes are called polygenes. They are a group of genes that, when turned on, are 
expressed as a unit. Each of them produces an effect that adds up to the trait. 
Nevertheless, the effect of an individual gene is hard to distinguish, especially since a 
polygenic character involves several genes. Because multiple genes are involved, 
polygenic traits do not follow the patterns of Mendelian inheritance. Many polygenic 
traits are also influenced by the environment and are called multifactorial. In humans, 
height, skin color, hair color, and eye color are examples of polygenic traits. 
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Polygenic Traits
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In many genetic diseases, including those that are autosomal dominant, 
specific mutations associated with the same disease present in different 
families may be uniform, such that every affected individual carries exactly 
the same molecular defect (allelic homogeneity), or they may be 
heterogeneous, such that tens or even hundreds of different mutations, all 
affecting the same gene, may be seen in the affected population (allelic 
heterogeneity). In some cases even mutations in different genes can lead 
to the same clinical disorder (genetic heterogeneity).
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Homo- and Heterogeneity
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Differentiation 
VG or VE or VG+VE
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Populations from different geographic areas are detectably different for many phenotypic attributes 
in almost all species. Gradual changes across geographic or environment gradients are found in 
many species. However, there is no simple way to determine if such a cline for a particular 
phenotype results from genetic or environmental differences between populations. One way to test 
for genetic differences between populations is to eliminate environmental differences by 
raising individuals under identical environmental differences in a so-called common-garden 
experiment. 

Representative clones of yarrow plants originating from five 
different altitudinal locations grown at 30 m above sea level 
at Stanford.

sea level    - - - Altitude  - - -   3,000m

Clausen (1951) Stages in the Evolution of Plant Species.

VE ≈ 0
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VP =VG +VE
local clone
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Gradient variation

Environmental Gradient
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native phenotype: N1 and N2 
transplanted phenotype: T1 and T2

local adaptation
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In biology and ecology, an ecocline or simply cline describes an ecotone in which a series of biocommunities display a 
continuous gradient. The term was coined by the English evolutionary biologist Julian Huxley in 1938. (source: WIKIPEDIA)
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← Size Variation

← Local Adaptation

← Local Climate
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Counter gradient variation
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native phenotype: N1 and N2 
transplanted phenotype: T1 and T2
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← Mate choice
← Sexual coloration

← spot size and ratio
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What are the limits of a 
common-garden experiment?
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Diagram from Alfred Russel Wallace of variation in body 
dimensions of 40 red-winged blackbirds in the United States. 
From Wallace (1923, p. 64).
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Ernst Heinrich Philipp August Haeckel 1834-1919) German zoologist 
and evolutionist who was a strong proponent of Darwinism and who 
proposed new notions of the evolutionary descent of human beings.
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Variation between Species
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Chiroptera Lichenes Coniferae
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Variability among individuals is essential for adaptive evolutionary change. In other 
words, natural selection cannot operate unless there are phenotypic differences 
between individuals.

Ahlgren et al.  2013, Biol. Lett. Vol. 9

Alfred Russel Wallace (co-founder of the principle of natural selection) was perhaps 
the first biologist to emphasize the extent and importance of variability within 
natural populations. His idea was in opposition to the commonly held view of 
naturalists in the 19th century that individual variation was comparatively rare in 
nature.
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Morphological Phenotype
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https://www.sdbonline.org/sites/fly/dbzhnsky/dichaet1.htm
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Color-Pattern Phenotype
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Behavioural Phenotype
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> Organism : Drosphila melanogaster 
> Gene : ADH 
> Size : 768nt (256aa) 
> Number of segregating sites : 14 
> Number of alleles : 7

The 1983 paper “Nucleotide polymorphism at the 
alcohol dehydrogenase (Adh) locus of Drosophila 
melanogaster,” by Marty Kreitman, was a milestone in 
evolutionary genetics because it was the first to 
describe sequence variation in a sample of alleles 
obtained from nature. 

Genetic Phenotype
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A Primer of Ecological Genetics 
Chapter 2 - Genetic variation - Page 9-22
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----AGAGAG-------
----AGAGAG-------

----AGAGAG-------
----AGAGAGAG-----

----AGAGAGAGAG---
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Molecular markers : Microsatellites (simple sequence repeats, usually 1-6bp long)

codominant
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homozygote 
heterozygote 
homozygote
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The genetic sequences of even non related people are remarkably 
similar. When the chromosomes of two humans are compared, their 
DNA sequences can be identical for hundreds of bases. But at about 
one in every 1000 bases the sequences will differ.

SNPs refer to DNA sequence variation occurring when a single 
nucleotide in the genome differs between members of the same 
species (or between paired chromosomes in an individual) - a SNP 
is a single base-pair substitution (mutation) at a specific locus.

SNPs (Single-Nucleotide Polymorphism)

Association studies (e.g. QTL) can determine whether a genetic 
variant (SNP) is associated with a disease or trait.
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Association between genotypes at a SNP at phytochrome B and the 
date of bud set in the Eurasian aspen (Populus tremula).

Ingvarsson et al.(2008) Genetics.

Genotypic effects of phytochrome B
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Threonine ⇾ Asparagine

Thr Asn
ACC AAC

Homozygote 
CC

Homozygote 
AA

Heterozygote 
AC 

T608N Genotype

SNPs T608N


