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Abstract

Lineages are genealogical sequences of genes, cells, organisms, or other biological entities. They
populate the natural world and are discussed in various fields in biology. However, they barely
receive philosophical scrutiny. In this dissertation, I explore philosophical issues regarding the
nature of lineages, as well as their conceptualization and representation in science.
First, I offer a historical overview of lineages in biology. I describe how biologists characterize
lineages in evolutionary biology, developmental biology, paleontology, and other areas. This
overview reveals the importance of lineages to theorization, experimentation, modeling, and
other scientific practices. These diverse practices motivate the philosophical issues discussed in
the following chapters.
Second, I address the question of what is a lineage. Biologists and philosophers define them as
genealogical sequences of biological entities (De Queiroz, 1999; Hull, 1980; Mishler, 2010).
This broad definition reveals a belief that many of those scholars share: lineage is a single
unified category in science or, in other words, a single type of entity in biology. I argue against
this position and, instead, defend pluralism: the existence of a plurality of lineage types in
biology.
Third, I analyze the very concept of lineage. This concept is imprecise, and this imprecision may
be harmful to scientific communication and reasoning. Similar concerns apply to the concepts of
molecular gene and evolutionary novelty (Brigandt & Love, 2012; Kitcher, 1992; Waters, 2014).
I compare the concept of lineage with these concepts. While all of them play beneficial roles in
scientific integration, I argue that the concept of lineage facilitates a distinctive type of
integration among scientists.
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Finally, I discuss how biologists represent lineages and why these representations matter to
science. Biologists typically represent lineages in a simplistic, idealized way. Most philosophers
consider these representations important to science only insofar as they result in improved
theories and representations of nature (Potochnik, 2017; Velasco, 2012; Weisberg, 2013;
Wimsatt, 2007). I argue that this view is limited. Representing lineages also results in
collaboration among scientists and other social, non-representational activities that are central to
science.

Keywords: Lineages; pluralism; scientific integration; models; representation; phylogenetic trees;
scientific practice
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1. Introduction

The living world seems more complex than humans can normally observe. Biologists tell
us about genes, prokaryotic and eukaryotic cells, microbiomes, organismal colonies, cryptic
species, and many other entities. Often, these entities challenge our perception of nature and
common-sense intuition. For example, the Portuguese man o’ war (Physalia physalis) seems like
a single, well-delimited individual to the naked eye, but its complex life-cycle and composition
might suggest otherwise (Godfrey-Smith, 2015; Gould, 1985).
These entities also present challenges to philosophers and biologists. A recent example is
the controversy over what is a biological individual (Bouchard & Huneman, 2013; Bueno et al.,
2018; Guay & Pradeu, 2015). Scholars use different criteria and approaches to answer this
question. So, while some authors consider the Portuguese man o’ war to be a colony, others
consider it an individual (Clarke, 2010). Another issue concerns what is a biological species
(Wilson, 1999; Ereshefsky, 2017; Coyne and Orr, 2004). Biologists define ‘species’ in
conflicting ways and there is no indication they will eventually agree on a single, unified
definition. Motivated by this disagreement, some scholars argue that the living world contains
many different types of species, such that various definitions of species are equally adequate
(Dupre, 1993; Ereshefsky, 1992). Similar debates concern the definition and individuation of
genes (Brigandt, 2010; Kitcher, 1992; Waters, 2014).
While scholars discuss about individuals, species, and genes, they do not grant the same
attention to biological lineages. A lineage is a sequence of entities connected by ancestor-descent
relations (De Queiroz, 1999; Hull, 1980). They are genealogical lines of descent that can occur at
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different levels of biological organization. For example, the genealogical sequence connecting all
human beings and tracing back to the first Homo sapiens organism is a human lineage. This
lineage is a sequence of organisms and, thus, an organism-level lineage. However, as cells
replicate, they also form lineages. For example, all the cells in my body are connected by
ancestry-descent relations starting with my zygote. Moreover, each of these cells contains genes
that constantly replicate. For this reason, genes also form lineages. Finally, sequences of species
are species-level lineages. These sequences are particularly relevant in paleontology (Gould &
Eldredge, 1993).
Scientists from different areas of biology refer to lineages in their work. For instance,
evolutionists and population geneticists refer to lineages when they theorize about natural
selection and calculate its effects over time (Dawkins, 2006; Maynard Smith, 1998). Many
systematists classify organisms into different lineages (De Queiroz, 1999; Hennig, 1966;
Simpson, 1961). Paleontologists treat lineages as units to measure biodiversity (Raup et al.,
1973). Meanwhile, developmental biologists trace cell-level lineages to study embryological
development, stem cells, among other things (Dröscher, 2014; Gould, 1989; Stent, 1985). In
summary, lineages figure in various scientific practices and research contexts.
Lineages are also present in those previously mentioned controversies over individuals
and species. For example, various definitions of species assume that they are lineages (De
Queiroz, 1999; Simpson, 1961; Wiley & Lieberman, 2011). Part of the debate over species
definition is whether species are necessarily lineages and whether they are the same type of
lineage (Ereshefsky, 1992). The contention over what counts as a biological individual also
depends on the notion of lineage. Scholars often claim that biological individuals are entities that
form lineages, while not being explicit about what these lineages are and how they are formed
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(Booth, 2014; Godfrey-Smith, 2009). Therefore, whether the Portuguese man o’ war is an
individual or a colony, this depends on if they form lineages. Lineage formation is a particularly
contested issue when considering whether microbial communities are individuals (Clarke, 2016;
Ereshefsky & Pedroso, 2013).
The lack of discussion regarding lineages is puzzling. Biologists and philosophers refer to
them in various contexts and controversies, but they rarely attempt to provide a detailed or
systematic account of them (c.f., Haber, 2012, 2016). After all, what are lineages? Are there
multiple, legitimate types of lineage in biology? Additionally, how do biologists define and
represent lineages in their theories and models? How do these definitions and representations
influence scientific practices, and ultimately the success of the biological sciences?
In this dissertation, I examine these questions. I analyze what are lineages, as well as how
they are conceptualized and represented in biology. This analysis helps to clarify the entities and
relations that biologists investigate. It helps to make sense of the scientific image offered by the
biological sciences. Additionally, my analysis contributes to the understanding of how the
biological sciences function. I consider how concepts and representations of lineage are
employed in science, which enables me to reconsider general issues in the philosophy of science.
The first chapter of the dissertation is an overview of how biologists refer to lineages, in
various fields of biology, since the 19th century. This chapter is historical. I present how the
lineage concept matter to the Darwinian theory of evolution, early developmental biology,
paleontology, population genetics, phylogenetics, among other areas. Throughout this overview,
I show how that concept is utilized in discussions about species, natural selection and biological
individuality, macroevolution, cancer biology, stem cell biology, and experimental evolution.
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This overview is not exhaustive. My aim is to describe the main topics in biological
research that make reference to lineages. I show how biologists refer to lineages in diverse and
often conflicting ways. By doing so, I show the need for a careful and systematic philosophical
investigation of lineages. Additionally, this overview provides background information for the
remaining chapters. These chapters compare how biologists use the lineage concept in various
contexts introduced in the overview chapter.
As biologists refer to lineages in various research contexts across biology, one might
wonder whether they are always referring to the same type of thing. In other words, what is a
lineage? Are biological lineages instances of the same type of entity? I discuss this issue in the
second chapter of this dissertation. I examine the dispute between lineage pluralism and lineage
monism. Lineage monists claim that lineages form a single, unified type of entity in biology. In
contrast, lineage pluralists deny this claim and argue that there are many legitimate types of
lineage.
While this dispute is not explicit in the literature, it is strongly suggested by various
philosophers and biologists. My aim in this second chapter is to make these positions explicit. To
do so, I use the controversy over species as a starting point, because it offers a means to
distinguish different varieties of monism and pluralism in the philosophy of science.
Additionally, I provide four arguments in favor of lineage pluralism. These arguments consider
how biologists refer to lineages in evolutionary biology, phylogenetics, and developmental
biology.
Lineage pluralism might inspire a radical view of the lineage concept. If there are many
types of lineage, there might be no need for a broad, overarching concept of lineage in biology.
One might think that this concept is too imprecise or ambiguous to capture how biologists refer
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to lineages in specific contexts. So, biologists might benefit from eliminating this concept and
adopting specific ones, such as ‘developmental lineages’ or ‘evolutionary lineages.’ This
consideration motivates the third chapter of this dissertation.
In the third chapter, I examine whether and how a broad, imprecise concept of lineage is
beneficial to biologists. Philosophers have been examining similar questions regarding the
concept of molecular gene and evolutionary novelty (Brigandt, 2010; Brigandt & Love, 2012;
Waters, 2000, 2014). They argue that these concepts help biologists to connect their work, which
is beneficial to science. The concept of the molecular gene helps biologists to integrate
explanations, while the concept of evolutionary novelty helps them to integrate research
problems. I compare these concepts with the lineage concept and argue that the latter facilitates
scientific integration in distinct ways. This concept facilitates the connection of theoretical
principles, types of data, and methodologies within different research contexts. Hence, this
chapter shows that even very imprecise concepts can be beneficial to science in ways that have
not been appreciated before.
After considering the benefits of the lineage concept to science, I consider the benefits of
representing lineages in scientific models. Models in science usually contain idealizations, i.e.,
assumptions that distort whatever the model is supposed to represent (Potochnik, 2017; Velasco,
2012; Weisberg, 2007; Wimsatt, 2007). The same is true for phylogenetic trees, which represent
the relation among lineages in evolutionary history (Baum & Smith, 2013). Therefore, one might
ask whether and why phylogenetic trees are beneficial to science. In particular, why do biologists
deliberately distort and oversimplify the representation of lineages?
I answer these questions in the fourth chapter of my dissertation. First, I consider how
philosophers explain the usefulness of idealized models in science. The traditional explanation is

6
that idealized models are “means to truer theories”; that is, they help scientists to improve their
theories and knowledge about the world (Wimsatt, 2007). Such models benefit science by
generating certain products (theories, hypotheses, explanations, models) that provides us with a
more accurate understanding of reality.
Second, I argue that this traditional view is deeply unsatisfactory. Models are central to
the social organization of biologists, as they help them to make practical decisions about what to
study, how to divide and coordinate work between different laboratories, and which experts to
recruit to a laboratory. Additionally, models help biologists to test the consistency of their data,
so they can rely on each other’s data banks and produce collaborative work. The lack of attention
to these activities is telling. When theorizing about scientific models, philosophers have focused
too much on how models produce knowledge and improved representations of reality. Therefore,
they have overlooked science as a social practice and how models influence this practice.
In summary, this dissertation investigates lineages as a philosophical topic. It examines
the nature of these entities and how they are conceptualized and represented in biology. This
examination helps clarify the complexity of the living world as characterized by the biological
sciences. This world contains different types of lineages relating to one another in various,
complex ways. During the course of this investigation, I will extract general lessons for the
philosophy of science. I reconsider philosophical views on monism and pluralism, conceptual
imprecision, scientific integration, and scientific models. Lineage is an unexplored topic that can
offer new insights into old issues about the workings of science. In other words, lineages can
function as useful case-studies in the general philosophy of science. In the conclusion of this
dissertation, I summarize the main points of each chapter and highlight directions for future
research.
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2. Lineages: Historical Overview

Lineages are sequences of entities connected by ancestor-descent relations. In this
chapter, I survey how scholars characterize these sequences within different fields of biology.
Biologists use the concept of lineage in diverse ways to support their scientific activities. By
surveying these uses, I show the need for philosophical discussion about lineages.
This survey is not meant to be exhaustive. Instead, I only present key research topics that
refer to lineages. This presentation is historical. In the next three sections, I illustrate how
lineages contribute to the work of evolutionists (2.1), developmental biologists (2.2), and
paleontologists (2.3) in the second half of the 19th century and early 20th century. In the
subsequent sections, I describe how lineages play a role in more recent discussions, which
concern the foundations of population genetics (2.4); the species problem and phylogenetics
(2.5); the nature of selection and individuality (2.6); macroevolution and paleobiology (2.7);
stem cell research (2.8); cancer biology (2.9); and experimental evolution (2.10). These topics
provide background information for the remaining chapters of this dissertation.
2.1 Lineages in Evolution: Darwin’s Origin of Species
Charles Darwin does not use the term ‘lineage’ in his writings. However, he frequently
uses the expression ‘line of descent’ in the On the Origin of Species (1859) to refer to lineages of
organisms and their populations. Indeed, lineages play a key role in Darwin’s theory.
One of the central features of Darwin’s theory is natural selection (Darwin, 1859/2009).
Natural selection is dependent on the existence of variation among organisms; evolutionary
change can only occur if organisms vary. These organisms compete for resources to survive and
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reproduce. According to Darwin, the reason for this competition is that natural environments
have limited resources, such as space and food, which cannot be shared by all organisms. A
consequence of competition is that some organisms will thrive more than others by virtue of their
variations. Some variations give advantages to organisms in specific environments and tend to
contribute to their preservation and reproduction (Darwin, 1859/2009, p. 63). Hence, organisms
with advantageous variations tend to proliferate and spread these variations in the future. Darwin
calls this process ‘natural selection.’1
The notion of lineages underlies Darwin’s characterization of natural selection. The
proliferation of organisms and the spreading of their variations requires the existence of
genealogical sequences that connect organisms across generations. Organisms with advantageous
variations will be able to survive in the environment and generate more offspring than those
organisms with disadvantageous variations. Hence, the organisms with advantageous variations
tend to give rise to lineages, which will spread those variations. Additionally, inheritance
mechanisms must be at work to assure that variations are transmitted from parent to offspring.
Variations will be able to spread to future generations of organisms only insofar as organisms
form and transmit their traits across lineages.
Natural selection explains how evolutionary change occurs through time. What is not
explained is how evolutionary change gives rise to new species. To explain that, Darwin
introduces the principle of divergence (Kohn, 2009). This principle states that the more
diversified organisms become, the better chance they have of successfully occupying new

In describing natural selection, Darwin uses the term ‘individual’ to refer to organisms. Hence, his use of the term
is different from what modern philosophers of biology call an ‘individual’ (Godfrey-Smith, 2009). To avoid
potential confusion, I simply use ‘organism’ to describe Darwin’s understanding of natural selection.
1
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environments. For clarification, consider this example: a group of carnivorous animals occupies
a geographical region that does not support more population growth (Darwin, 1859/2009, pp.
85–87). The only way for these animals to increase in number is if they begin occupying the
region of other animals. To be successful in this venture, the carnivorous group needs to
diversify, adapt to the other animals’ environments, and outcompete the current occupants.
The combination of natural selection and the principle of divergence explains the
formation of new species. Natural selection favors the disbursement of advantageous variations
among organisms in a geographical region. Organisms with these variations tend to increase in
number up to a point allowed by available resources. Then, as the principle of divergence
dictates, natural selection favors organisms that diversify, leading to the formation of distinct
varieties (subspecies) within the same species. As natural selection and divergence continue,
these groups become two distinct species (Darwin, 1859/2009, p. 87). This dynamic persists for
many thousand generations, as represented below (Fig.1):
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Figure 1. Divergence and The Origin of Species. Source: Darwin (1859/2009,
pp. 168-169)

In figure 1, the capital letters A-L represent distinct species from a single genus, while
the small numbered letters represent varieties. Moving from the lower limit of the figure
upwards, the sequence of horizontal lines I-XIV indicates time progression; each line
representing a period of a thousand generations. Hence, from I to XIV, fourteen thousand
generations have passed. The striking feature of Darwin’s diagram is the pattern of dotted lines
that begins with each capital letter and branches out through time. For example, after ten
thousand generations, species A produced a10. This variety is the result of gradual changes from
A to a9. These changes accumulate through lineages of organisms and their populations, i.e.,
population-level lineages.2
Sometimes a variety or a species gives rise to more than one new variety. This means that
a population lineage displays a branching pattern, as observed when a4 gives rise both to a6 and
f6. This branching pattern suggests an increase in the number of varieties and species through
time. For example, consider the species A. After ten thousand generations, this species generates
not only a10 but also f10 and m10. Each of these lineages branch and give rise to a total of eight
species: a14, q14, p14, b14, f14, o14, e14, m14. These species are the result of gradual changes and
branching in population-level lineages.
Lineages are also present in another component of Darwin’s theory: the thesis of
common ancestry (Velasco, 2013). This is the thesis that all life forms descend from a few or

2

A population-level lineage can be understood either as a single genealogical sequence of populations or as a single
population extending through many generations of organisms. These two formulations of ‘population-level lineage’
are equivalent. Both varieties and species are described as population-level lineages in this sense.
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even one single form (Darwin, 2009, p. 360). Darwin’s diagram represents common ancestry
insofar as it connects all species after fourteen thousand generations to a few common ancestors
(A, F, I). The dotted vertical lines in the diagram represent population-level lineages that persist,
change, and branch over time. These lineages connect species and their common ancestors.
Hence, the existence of these genealogical sequences is what allows us to trace the common
origin of varieties and species in the first place. In other words, the thesis of common ancestry
assumes the existence of lineages.
In summary, Darwin refers to lineages when theorizing natural selection, divergence, and
common ancestry. Although he does not apply the term ‘lineage,’ he assumes the capacity of
organisms and their populations to form lineages. Evolution is a process of gradual change in
lineages, which branch and generate a tree-like (bifurcating) pattern of evolution (Fig. 1).
2.2 Lineages in Early Developmental Biology
Ernst Haeckel, a 19th century German biologist, was an enthusiast of Darwinian theory
(Maienschein, 1978; Richards, 2013; Rinard, 1981). Haeckel is known for defending the idea
that evolution has a predetermined direction going from primitive to complex life forms.
According to this idea, humans are the most complex life forms on earth and appear at the top of
Haeckel’s famous representations of evolutionary history (fig. 2). These representations have the
shape of a tree-like bifurcating pattern. Even though Haeckel does not use the term ‘lineage’ in
his work, he refers to lineages in influential ways.3

Haeckel uses a series of German terms that seem related to the English term ‘lineage.’ For instance, he uses
‘Abstammung’ (phylogenetic or genealogical origin), ‘Decendenz’ (descendant), and “continuierlische
Verbindungsstufen” (degrees of relatedness). My thanks to Ariane Dröscher for pointing this out.
3
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Figure 2. Pedigree of Man. Humans as the endpoint of a lineage resulting from
directional evolution. Source: Haeckel (1892, 188)

Haeckel was not so much interested in the evolutionary history per se. Instead, he
focused on how this history relates to ontogeny, i.e., the developmental process from egg to
adulthood in organisms. He argued for the biogenetic law; that is, the view that ontogeny
recapitulates phylogeny (Maienschein, 1978, p. 131). The embryological development of an
organism has phases that resemble different moments in the evolutionary history (phylogeny) of
its species. For example, consider a human embryo. In its early stages, the embryo resembles
undifferentiated cells that existed at the beginning of life on earth. After that, each stage of this
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embryo recapitulates an important phase in the evolution of the lineage leading up to Homo
sapiens (fig. 2).
According to Haeckel, ontogeny also involves lineages. He recognizes that genealogical
sequences of cells underlie the developmental process. Moreover, Haeckel coined the term ‘stem
cells’ (Stammzellen) to refer to primordial cells (fertilized eggs) that initiate development
(Dröscher, 2014, p. 160). He maintained that, throughout development, all body cells derive
from this first cell. In this sense, an important difference between ontogeny and phylogeny
concerns distinct levels of lineages. While phylogeny is primarily about population-level
lineages, ontogeny is concerned with cell lineages.
In works such as Die Kalkswaerme (1872) and Die Anthropogenie (1874), Haeckel
applies the biogenetic law to the development of different organisms. He highlights a particularly
important developmental stage in all multicellular organisms: gastrulation (Hall, 1999, p. 80).
Gastrulation is the formation of a two-layer sac, similar to a sponge. In all multicellular
organisms, this sac forms in the same way.4 As a result, Haeckel claims that gastrulation
recapitulates the common ancestor of all multicellular beings in phylogeny. This ancestor is
called Gastrea (Olsson et al., 2017).
Haeckel’s biogenetic law and Gastrea theory were the sources of empirically testable
hypotheses regarding evolution and embryology. For instance, they suggest that early animal
embryos are composed of undifferentiated cells showing no sign of how the mature organism
will develop (Stent, 1985, p. 3). The hypothesis is that until gastrulation there is no way to tell
which cells will give rise to specific tissues or organs.

4

It results from an endodermal (inner) layer being formed by the ectodermal (outer) layer and then invaginating
within the structure called Blastula (Hall, 1999, p. 80).
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One of the reactions to Haeckel’s hypothesis is a series of empirical studies involving cell
lineages (Guralnick, 2002; Maienschein, 1978; Stent, 1985). Published circa 1890, these studies
are where the term ‘lineage’ first appears, in English, in the developmental biology literature.
The expression ‘cell lineage’ becomes a technical term referring to all cell divisions that occur
from the zygote until the adult phase of an organism’s development (Guralnick, 2002, pp. 537–
538). Embryologists track these cell lineages to test the biogenetic law, several empirical
hypotheses inspired by Haeckel, and to also understand the various phases of development.5
More generally, embryologists began conducting cell lineage studies to better understand the
relationship between phylogeny and ontogeny (Maienschein, 1978, pp. 138–143).
Charles Otis Whitman was a leading embryologist behind cell lineage studies. He
conducted the first study of this type, tracking the cell divisions in the development of the leech
Clepsine (an annelid) from its zygote to the gastrula phase (Whitman, 1878). Contradicting
Haeckel, this study concluded that early cells were already morphologically distinct and could be
related to later tissues or organs of the mature organism. The focus on cell lineages allowed
Whitman to raise fine-grain questions about organism development (Maienschein, 1978, p. 138).
These questions explore the processes and mechanisms behind that development.
Whitman was the first director of the Marine Biology Laboratory at Woods Hole in the
United States. In this laboratory, many other biologists conducted cell lineage studies and were
influenced by him (Maienschein, 1978, pp. 134–136). While these scholars focused on cell
lineages, evolutionists fixated on organisms and population-level lineages. Moreover, Whitman
and his colleagues assumed a more specific concept of lineage than the early evolutionists. Cell

5

The research project of tracing cell lineages was not invented by these embryologists. Rather, botanists in the
1840s were already promoting this sort of project (Dröscher, 2014).
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lineages contain all cells descending from an ancestor cell. In contrast, Darwin and early
evolutionists refer to lineages in a less rigid manner. Lineages are lines of descent, but there is no
specification whether they contain all descendants from an ancestor. Hence, early developmental
biologists and evolutionists define the term ‘lineage’ differently. This difference will reappear
many times throughout this dissertation.
2.3 Lineages in Early Paleontology
During the 19th century, the term ‘lineages’ appears sparsely in the paleontological and
geological literature. Scholars rarely define this term and use it very loosely when referring to
sequences of species and higher groups (higher taxa, such as genera and classes). An example of
this point is the paper ‘On the Skeleton and Lineage of Fregilupus varius’ by James Murie
(1874). Despite ‘lineage’ appearing in its title, this paper neither defines this term nor mentions it
a second time. This term seems to refer to the genealogical sequence containing the species
Fregilupus varius and the presumed species that came before it (Murie, 1874). It is not evident
that the concept of lineage plays an important role in early paleontology.6
An interesting exception is John F. Blake’s (1892) presidential address to the Geologist’s
Association in which he discusses the characterization and role of lineages in paleontology.
Blake discusses contemporary studies about the evolution and classification of Cephalopods.
One advancement made by these studies is a new method for investigating the relationships
among species (Blake, 1892, p. 276). This method involves extracting fossils from a geological
layer of rock or soil (stratum) and then tracing their ancestors and successors. Scientists look in

6

In this section, I do not discuss the work of important American paleontologists, such as Henry Fairfield Osborne.
These paleontologists refer sporadically to lineages in their work, relating it to orthogenesis and the biogenetic law.
Nevertheless, it is unclear how lineages play a relevant and distinct role for these paleontologists besides what I have
already described in Haeckel (section 2.2).
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the geological strata immediately below and above the one where they found the original fossils.
The assumption is that one can reconstruct a sequence of species (a species-level lineage) by
reconstructing its fossil sequence.7 One of the aims of paleontology is to produce these
reconstructions.
Blake distinguishes the concepts of genus, species, and lineage. According to him, the
first two concepts refer to relations between contemporary entities. Species are formed by
organisms existing at the same time, while a genus is formed by species existing at the same
time. Moreover, both species and genera are formed by entities sharing structural similarities.
The relation of similarity is what binds organisms into species and species into genera. In
contrast, lineages bind species into a temporal and genealogical sequence. The concept of lineage
refers exclusively to ancestor-descent sequences of species. For this reason, paleontology is the
science that investigates and reconstructs lineages, while other biological sciences have an
emphasis on species, genera, and other contemporary groupings (Blake, 1892, p. 278). In this
sense, the notion of lineages gives disciplinary identity to paleontology.
During the first decades of the 20th century, paleontologists continue discussing the
relationship between species and lineages. Like Blake, Arthur E. Teuerman is interested in the
genealogical sequences of species. Nevertheless, he describes these species-level lineages in
terms of their component organisms. Teuerman focuses on what happens to organisms within
such lineages. This level of analysis enables him to characterize various features of lineages
related to evolutionary theory. For example, he claims that successive organisms in a lineage
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Based on this methodology, paleontologists began recognizing evolutionary trends in the fossil record, such as a
gradual increase in size in a sequence of species. These evolutionary trends led paleontologists, around 1900, to
defend the idea that evolution has a predetermined direction and resist the idea of natural selection and random
variation (Bowler, 1992).
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differ from each other as their characters (traits) change from one generation to the next. This
point corresponds to the idea of ‘evolving lineages’ or ‘lineages as units of evolution,’ namely
that lineages accumulate and manifest evolutionary changes across time (Teuerman, 1924, p.
356). In other words, evolution is a gradual change in lineages. This idea is present in Darwin
(see section 2.1) and becomes widespread among biologists in the 20th century, as I will discuss
later.
By describing species-level lineages in terms of their component organisms, Teuerman
develops a more complex notion of lineage than Blake. He notices that organisms in the same
population present a lot of variation in characters (Teuerman, 1924, p. 357). Additionally, he
observed that the evolution of many characters (traits) are independent of each other. The
consequence of this is that organisms in the same population have different clusters of
characters. At any particular time, characters are unevenly distributed within populations.
These evolutionary considerations influence Teuerman’s view on lineages. When
described at the level of organisms, species lineages are “bundles of lines, or more correctly, a
plexus of lines with repeatedly branch and re-unite” (Teuerman, 1924, p. 358). Species-level
lineages are sets of interbreeding organisms that form a complex array of succession across
generations (fig. 3). Ancestry lines connect organisms across generations; these lines converge in
sexual reproduction and branch (become two or more lines), giving rise to offspring. Hence, a
species-level lineage contains interconnected ancestry lines of organisms. One finds similar
descriptions of lineages in contemporary biology (Baum & Smith, 2013; De Queiroz, 1999;
Hennig, 1966).
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Figure 3. Lineages. Each one is a bundle of interbreeding organisms. Source:
Hennig (1966, p. 18)

Teuerman’s view of lineages contrasts with his contemporary paleontologists and
developmental biologists. While paleontologists are usually interested in species-level lineages,
they do not describe these lineages in terms of their component organisms. Paleontologists tend
to ‘zoom out’ or abstract details occurring at the organism level. Teuerman offers these details
and, as a result, explores the complexity underlying species-level lineages. He recognizes – as
evolutionists do – that lineages are evolving entities. Furthermore, he describes lineages as
bundles of organisms in complex sexual reproductive relations. These organisms are part of
interconnected ancestry lines (fig. 3). This idea contrasts with the developmental concept of cell
lineage. These lineages have the following pattern – as cells replicate, cell lineages are always
branching.8 One cell gives rise to two or more cells. In contrast, ancestry lines of sexually
reproducing organisms have a different pattern: two organisms come together to reproduce; they
generate one or more organisms, which later will join and reproduce again (fig. 3). These
ancestry lines do not only branch (generate offspring), but also converge (when two organisms
come together in reproduction). This comparison illustrates how entities at different hierarchical
levels (e.g., cell and organism) can form different genealogical patterns.

8

This pattern is analogous to lineages of asexually reproducing organisms. As asexual organisms divide into two or
more, lineages have a pattern of continuous branching.
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2.4 Heredity and Population Genetics
At the turn of the 20th century, many biologists investigate heredity and its relation to
evolution. These biologists develop experiments to measure the inheritance of traits across
generations of organisms. Initially, experiments were organized around a specific notion of
lineage, namely ‘pure lines.’ A pure line is a lineage containing all the organisms descending
from a single self-fertilizing organism (Provine, 1971, p. 92). The concept of pure lines only
applies to the lineages of asexual organisms, contrasting with the interest of early evolutionists
and paleontologists for lineages of sexual organisms. The creation and manipulation of pure lines
are important to the understanding of heredity and evolution.
In 1903, Wilhelm Johannsen publishes the first experiments on the heredity in common
beans, Phaseolus vulgaris. Pure lines offer the simplest cases for the study of heredity because
they derive from the same ancestor and there is no plant hybridization involved. With this
assumption in place, Johannsen investigates whether Galton’s law of regression applies to those
beans. This law states that, as generations pass, offspring tend to exhibit a mean value of their
ancestors’ population trait (Provine, 1971, p. 19). For example, the height of an adult offspring is
not the same as the height of its parents, but is closer to the mean height value found in the
population of its parents, i.e., in the group containing its parents and other pure lines. Likewise,
Johannsen seeks to know whether offspring beans closely resemble their parents or whether they
tend to the mean value of their parents’ populations.
Johannsen produces two rounds of experiments. First, he shows that Galton’s law of
regression applies to Phaseolus vulgaris. The weight of successive generations of seeds tends
toward the mean of the ancestral population, i.e., the mean of all pure lines taken together.
Second, Johannsen investigates what happens within each pure line in the previous experiment.

20
He wants to know how selection and heredity work in these lines. To determine this, he selects,
traces, and measures the seeds of 19 pure lines for three generations. From the 19 selected plants,
524 offspring seeds are selected and sown in the second generation, which gives rise to a total of
5494 offspring seeds in the third generation. Tracking all parent-offspring relations, Johannsen
concludes that variations in weight within pure lines are not heritable and that selection has no
considerable influence within each line. The regression observed in the entire population of lines
is a result of selection between pure lines but not selection within them (Roll-Hansen, 1989, p.
311).9
Years later, Thomas Hunt Morgan revisits the notion of pure line (Morgan, 1919). He
claims that a pure line is a sequence of organisms possessing the same chromosomal complex
with the same genetical composition. Self-fertilization is only a particular case in which this
genetic identity occurs. This genetic identity is also maintained by cases of asexual reproduction
in which there is no reduction in the number of chromosomes. In this sense, Morgan uses his
theory of chromosomes to expand and provide a theoretical ground for the notion of pure lines
(Morgan, 1919, p. 206).
Thomas Hunt Morgan’s main theoretical achievements rely on breeding experiments
with Drosophila melanogaster (Morgan, 1915, 1919). In contrast to Johannsen’s plants,
Morgan’s model organisms reproduce sexually. The lineages created by these organisms have a
specific pattern and mechanism of trait transmission. Every organism is the product of two
different parents, which transmit only half of their genetic material to the offspring. On the one
hand, this implies that an offspring is not a clone of its parent, as in the case of Johannsen’s pure

9

This experiment has important consequences, such as the view that evolution by natural selection is limited when
applied to continuous characters like weight (Provine, 1971).
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lines. This fact complicates the study of heredity. On the other hand, it becomes possible to study
phenomena such as sex determination, and how sex is related to trait transmission. It is due to the
investigation of trait transmission across lineages of sexually reproducing organisms that Morgan
solidifies the theory of sex-chromosomes (fig. 4). The production and manipulation of lineages
of Drosophila enable Morgan to understand how sex chromosomes are replicated during
gametogenesis and redistributed to the offspring.

Figure 4. Distribution of Sex Chromosomes. Gametes are produced containing
only one sex chromosomes and are distributed to zygotes in fertilization. Source:
Morgan (Morgan 1919, p. 84)

The theory of sex-chromosomes has been the basis of many studies on the ancestry,
geographical migrations, and evolution of populations (Bidon et al., 2014; Jobling & TylerSmith, 2003; Oetjens et al., 2016). The fact that only human males transmit the chromosome Y
provides a way to trace the origin of those males. The literature frequently refers to ‘Y
chromosome lineages’ to indicate the genealogical sequences of Y chromosomes that are passed
from male to male. Chromosome-level lineages are the focus of these studies. Hence, Morgan’s
theory provides the foundation for understanding how chromosomes form lineages and help
biologists reconstruct organism-level (male-to-male) lineages.
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In the beginning of the 1920s, gene-level lineages become increasingly significant to the
study of heredity and evolution. Population genetics began focusing on models that help predict
changes in the frequencies of alleles in the future generations of entire populations. The
motivation behind these studies is to understand not only heredity and variation at the genetic
level, but also evolutionary processes. This is the case of the well-known Wright-Fisher neutral
model (Fischer, 1931). This model describes the distribution of alleles in a population without
selection, mutation, migration, and so on. The basic assumption of this and other models is that
genes form lineages that proliferate across organisms over time. Gene-level lineages persist
within organism-level lineages.
In the 1980s, population genetics shifted its focus from allele distribution towards
predicting the genetic ancestry of populations (Ewens, 1990). This shift is driven by the so-called
coalescent theory, a set of mathematical models that helps biologists trace the genealogical
history of genes (DNA segments). Given the nature of DNA replication, a DNA segment always
gives rise to two copies of itself. Small mutations frequently occur in this process. Hence, an
ancestor DNA segment gives rise to lineages of genes that show some variation over time
(Hamilton, 2011, p. 89).
Coalescent models provide hypotheses about coalescent events. These events correspond
to the point in time where gene lineages trace back to a single common ancestral DNA segment.
For instance, the figure below represents four coalescent events as the four points (nodes) where
any two lines meet (fig. 5).

23

Figure 5. Gene Genealogy. It represents the coalescence (nodes) among five
DNA segments A, B, C, D, E, and its times (T1-5). Star (*) indicates the node
between C and the lineage leading to A and B. Source: Wakeley (2009, p. 7)

By estimating coalescent events, biologists can investigate the genetic ancestry of
populations. One can use gene lineages to reconstruct organism-level lineages and even specieslevel lineages. Biologists represent gene lineages in their models of coalescence events. This use
of lineages contrasts with the uses previously described in this section. For instance, Johannsen’s
experiments on pure lines observe and intervene on lineages in the living world. He experiments
on lineages of plants, while Morgan manipulates lineages of fruit flies and studies chromosomelevel lineages. In contrast, the coalescent theory focuses on gene lineages. This theory focuses on
representing lineages rather than intervening in actual ones. In the next section, I offer another
example of how biologists represent lineages.
2.5 The Species Problem and Phylogenetics
Around the 1950s, evolutionary biologists and paleontologists carry parallel discussions
about species in relevant journals, such as Evolution and Journal of Paleontology. George
Gaylord Simpson accepts the challenge of showing how the views of evolutionists and
paleontologists can be combined (Simpson, 1951). To accomplish this, he proposes a definition
of species based on lineages (Simpson, 1951, 1961). His definition inspires new definitions of
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species and spreads the concept of lineage in various fields of biology (De Queiroz, 1999; Wiley,
1978).
Simpson is both sympathetic to and critical of Ernst Mayr’s popular definition of species.
This definition states that species are groups of “actually or potentially interbreeding natural
populations which are reproductively isolated from other such groups” (Mayr, 1942, p. 120).
According to Simpson, this definition rightly alludes to the important evolutionary process of
reproductive isolation. One problem is that it does not apply to some groups of organisms, such
as asexual species. Another problem is that Mayr proposes a “non-dimensional species
definition,” i.e., this definition does not consider species as populations extended in time
(Simpson, 1951, pp. 288–289). Mayr’s proposal is unsuitable for characterizing species as
groups that evolve through generations.
In an effort to solve the problems mentioned above, Simpson defines species as “lineages
(ancestral-descendent sequences of interbreeding populations) evolving separately from others
and with its own unitary evolutionary role and tendencies” (Simpson, 1961, p. 153). This
definition is known as the evolutionary species concept. It considers species as groups extended
in time because they are lineages. Moreover, species are evolving lineages or units of evolution
(Simpson, 1951, p. 289). Each species gradually accumulates evolutionary changes across time.
So, members of the same species tend to share these changes and evolve in a similar way.
The evolutionary species concept makes explicit how evolutionists characterize species in
their work: species are evolving entities. This concept also accounts for how paleontologists
characterize species and higher taxa (such as genera and classes). The inclusion of a temporal
dimension in the species definition speaks to what paleontologists observe in the fossil record
(Simpson, 1951, p. 164). This record reveals a succession of fossils that are different from each
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other but still belong to the same species. Furthermore, the fossil record shows a sequence of
distinct species. This means that, while species themselves are evolving lineages, they are also
part of broader, longer lineages. One of the paleontologist’s challenges is to divide these broader
lineages into distinct species or, as they call it, paleospecies (Simpson, 1961, p. 166).
By the end of the 1970s, Edward O. Wiley reformulates Simpson’s definition. According
to Wiley, a species is “a single lineage of ancestral descendant populations of organisms which
maintains its identity from other such lineages and which has its own evolutionary tendencies
and historical fate” (Wiley, 1978, p. 18). Simpson and Wiley share the idea that species are
population-level lineages, i.e., they are populations extended through time and connected via
ancestry relations. These lineages have their own evolutionary tendency in the sense that
organisms in the same population-level lineage tend to evolve in similar ways. However, while
Simpson talks about “lineages evolving separately,” Wiley prefers the idea of lineages
maintaining their identity. What motivates this change is twofold: first, species can have
extended periods of stasis (non-evolution). Second, independently of evolving or not, species
need to maintain their identity. In this sense, Wiley’s definition is broader than Simpson’s.
Another difference between Wiley and Simpson is the idea of species being segments of
larger lineages. Wiley claims that, by definition, no single lineage can be subdivided into a series
of species (Wiley, 1978, p. 21). This subdivision contradicts two processes in evolution. The first
process is the “continuum,” the persistence or genealogical continuation among all life forms.
The second process is “differentiation followed by divergence,” which produces independent
lineages. This second process is simply speciation. According to Wiley, the formation of new
species is, by definition, the formation of new lineages. Hence, he applies the concept of lineage
to species and rejects the view that a sequence of species is itself a lineage.
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This difference between Wiley and Simpson reveals a deeper disagreement between
them. Wiley has a clear motivation for reserving the concept of lineage to species, but Simpson
does not share his view. Wiley’s motivation stems from his commitment to Phylogenetic
Systematics (Hennig, 1966). Phylogenetic Systematics (also known as Phylogenetics or
Cladistics) is a taxonomy school aiming at a strictly genealogical classification among
organisms, populations, species, and higher taxa. This genealogical classification places
organisms into monophyletic groups, i.e., groups containing an ancestor and all its descendants.
According to phylogeneticists, only monophyletic groups are legitimate evolutionary groups (fig.
6).10

Figure 6. Monophyletic Groups. Source: Baum (2008, p. 190)

Phylogenetics produces representations similar to the above. These representations are
called phylogenetic trees. They represent the evolutionary relations among species and higher
taxa (Baum & Smith, 2013). In the figure above, one notices the relationship between the groups:
mammal, lizard, crocodile, and bird. Each line represents an evolving lineage leading to one
group. The point where two lines connect is called a node and represents a lineage splitting

In contrast to Wiley, Simpson defends the taxonomy school called “Evolutionary Taxonomy.” The main
difference between this school and phylogenetic systematics concerns the acceptance of paraphyletic groups as
legitimate evolutionary units. These are groups containing one ancestor and some, but not all, of its descendants. I
return to this point later in the dissertation.
10
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(branching or bifurcation) event. Phylogenetic trees also contain a temporal dimension. In the
representation above, time runs upwards. Therefore, the lineage splitting event that allowed
crocodiles and birds to emerge is more recent than the event that gave rise to these two groups
and lizards. Crocodiles and birds share a more recent common ancestor than each of them shares
with any lizards or any other group.11
According to Wiley, phylogenetic trees traditionally represent species and speciation
events (Wiley & Lieberman, 2011). Phylogenetic trees depict monophyletic groups as groups
containing all the species following from a node and the ancestor existing at that time. Each
species is a lineage and a monophyletic group is a set of lineages connected by a common
ancestor. In this sense, Wiley uses the concept of lineage to distinguish between species and
monophyletic groups, the two central taxonomic categories represented in phylogenetics. This
distinction motivates the idea that sequences of species are not lineages themselves.
Though Simpson and Wiley defend an evolutionary species concept, the biological and
philosophical literature contains no consensus on how to best define species. More than twenty
definitions have been proposed in this literature (Coyne & Orr, 2004). Scholars do not only
discuss which definition is appropriate, but also whether there can ever be only one legitimate
definition (Ereshefsky, 2017). This discussion is generically called ‘the species problem.’
Kevin de Queiroz divides the species problem into three central questions (De Queiroz,
2005, p. 1263). First, there is a question regarding the definition of the species category, i.e., the
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The representation above can be understood either as a very simplified phylogenetic tree or a cladogram. These
are two different things. Cladograms neither incorporate a time dimension nor entail ancestry-descent relations.
Instead, they simply summarize information regarding the shared traits among groups. So, if one interprets the figure
6 as a cladogram, one cannot infer that crocodiles and birds share the most recent common ancestor. Instead, one
should only infer that these groups have more shared derived traits (synapomorphies) than each of them has with
any other group (Baum & Smith, 2013). I detail the distinction between phylogenetic trees and cladograms in
section 4.3.2. In Chapter 5, I offer more examples and details of phylogenetic trees.
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distinctive features shared by all biological species – the features that define them as species
rather than genera, classes, and so on. Second, there is a question related to how each species
came to exist. This question is answered by citing properties or processes, including reproductive
isolation and ecological specialization, which are important to speciation. Third, there is a
question concerning the criteria and methods for delimiting species in practice.12
Kevin de Queiroz answers these three questions separately. He claims that the question
regarding the distinctive features of the species category has a single answer. According to him,
all alternative definitions of species “either explicitly or implicitly equate species with segments
of population-level evolutionary lineages” (De Queiroz, 1998, p. 60). De Queiroz refers to this
general understanding of species as the general lineage concept of species, explicitly inspired by
Simpson. According to de Queiroz, the alternative definitions of species agree on the idea that
species are segments or chunks of population-level lineages. A species come into existence
during speciation, when a single population-level lineage bifurcates. The new species persists
until the occurrence of a new bifurcation or an extinction event.
De Queiroz argues that population-level lineages cross many thresholds during the
process of becoming distinct species (De Queiroz, 1999, p. 60). As they diverge, lineages
become distinguishable from one another and internally unified in various ways. They gradually
become reproductively isolated, ecologically specialized, morphologically distinct, and so on.
Each of these properties or processes corresponds to a threshold crossed by lineages during
speciation. Importantly, there is no single necessary threshold to be crossed by a lineage.
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It is important to notice that, whereas the first question focuses on species category, the second and the third
questions focus on species taxa, namely the particular groups called species, such as Homo sapiens and Canis
familiaris (Ereshefsky, 2017).
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Different lineages become new species after crossing different thresholds. As a consequence,
different species come into existence in different ways. Another consequence is that delimiting
the boundaries of species, in practice, is a difficult task.
De Queiroz adopts Simpson’s concept of lineage as “single lines of direct ancestry and
descent” (De Queiroz, 1999, p. 50). Since this concept can apply to different levels of
hierarchical organization, de Queiroz also adopts Simpson’s idea of species as segments of
broader lineages. These lineages are formed by populations of organisms persisting throughout
geological time. Species are segments of these persisting populations. Moreover, even though
lineages exist at many different levels, only segments of population-level lineages (species) are
able to evolve and have an independent history. This explains why species are such an important
biological category.
De Queiroz shares with Wiley the theoretical context of phylogenetic systematics.
Similar to Wiley, he aims to establish a strict distinction between species and monophyletic
groups, using the notion of lineages to do so. De Queiroz claims that species are segments of
population-level lineages, while monophyletic groups include all segments that descend from a
common ancestor (fig. 7). Monophyletic groups (or clades) are composed of all branches that
descend from a single ancestor existing at a speciation event. Finally, population-level lineages
are any direct path (sequence) of branches.
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Figure 7. Lineages vs. Monophyletic Groups. Source: De Queiroz (1998, p. 61)

In this section, I discussed the attempts of Simpson, Wiley, and de Queiroz to define
‘species’ in terms of lineages or lineage segments. All three authors share the intuition that a
correct definition should conform to evolutionary theory. Therefore, it is not surprising that they
appeal to the notion of evolving lineages (or units of evolution), which recalls the work of
Darwin and early paleontologists (see sections 2.1 and 2.3). Simpson wants to accommodate the
paleontological use of ‘lineage,’ while Wiley is concerned with phylogenetic systematics and the
distinction between species and monophyletic groups. De Queiroz manages to account for both
aims. He defends a very broad notion of lineages and uses it to draw a sharp distinction between
species and monophyletic groups. At the same time, de Queiroz accounts for the paleontological
use of the term ‘lineage’ as sequences of species.
Most importantly, de Queiroz uses the concept of lineage to propose a solution to the
species problem. He uses this concept to find a commonality among already existing definitions
of species. In this sense, he expands Simpson’s original goal, which aims to provide a common
characterization of species between evolutionists and paleontologists. De Queiroz wants to
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provide a characterization of species that holds for all different areas of biology. Nevertheless, it
is unclear whether de Queiroz’s notion of lineage could be applied to certain research contexts,
such as cell lineages research. As noted in previous sections (2.2), developmental biologists and
evolutionists do not define ‘lineage’ in the same way. I will explore this contrast in the following
chapters of this dissertation.
2.6 Natural Selection and Individuality
Darwin’s characterization of selection has been revised multiple times during the 20th
century. This characterization focuses on organisms competing against each other for resources
that limit population growth. Modern biologists and philosophers consider this focus outdated
because, for example, selection can involve other biological entities, and does not depend on
considerations of resource limitation (Ridley, 2004). Despite these revisions, modern
characterizations of natural selection follow Darwin’s by assuming a concept of lineage.
For example, Richard Lewontin presents a well-known characterization of natural
selection (Lewontin, 1970). According to him, natural selection occurs when three necessary
elements are present: (i) phenotypic variation; (ii) differential fitness; and (iii) heritable fitness.
First, selection requires that individuals in a population have different phenotypes, such as
morphological and behavioral variations. Second, this variation in phenotype must cause a
variation in the capacity of individuals to reproduce and survive in a given environment. This
capacity is called ‘fitness.’ Third, given that phenotypes are inheritable, there must be a
correlation in fitness between parent and offspring. The fitness of an offspring must somewhat
resemble the fitness of its parent. When these three elements are present, natural selection will
occur and populations will change in phenotype across generations.
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Lewontin’s characterization of natural selection involves lineages, although the term
‘lineage’ does not appear in his work. Two out of the three elements require lineage formation.
The second element, differential fitness, implies that individuals have the capacity to reproduce
and, therefore, the capacity to form lineages. Lineages are, after all, the result of reproductive
events. The reference to lineages is more explicit in the third element of natural selection,
namely heritable fitness. Lewontin describes this element in terms of parents and offspring
having correlated fitness. It only makes sense to talk about heritable fitness if there is a lineage, a
genealogical sequence, through which traits could be inherited.
Lewontin’s notion of lineages is broad and refers to genealogical sequences of
individuals. This notion is broad because many entities can count as ‘individuals’ (Lewontin,
1970, p. 1). In the context of natural selection, entities at different levels can form lineages and
transmit their phenotypic variation and fitness to future generations. These individuals are the socalled units of selection. These units form lineages relevant to natural selection, i.e., parentoffspring sequences in which fitness is inheritable.
David Hull (1980) agrees with Lewontin that natural selection is a process involving
individuals. Hull defines individuals as any spatiotemporally localized entity that has a
reasonably sharp beginning and ending in time (Hull, 1980, p. 313). Individuals exist
continuously from beginning to end and maintain an internal organization. So defined,
individuals can exist at different levels of biological organization. Building on Dawkins’ work,
Hull conceives selection as an interplay between two kinds of individuals (Dawkins, 2006). First,
there are replicators, individuals capable of passing their structure directly and with highfidelity. These individuals need to be able to produce copies of themselves and transmit their
structure via these copies. Second, there are interactors, individuals that interact with the
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environment in such a way that it affects the replication process (Hull, 1980, p. 317). These
individuals contain replicators, which can replicate successfully depending on how interactors
cope with the environment.
An example will help clarify the interplay between replicators and interactors as a
selection process. Genes are a clear example of replicators (Dawkins, 2006). They produce
copies of themselves with high fidelity inside an organism’s body. This organism counts as an
interactor because it contains genes and interacts with the environment in multiple ways. Imagine
that one organism is well-adapted to its environment, while another organism is not. The first
one will survive and reproduce, favoring the continuous copying process of its replicators. In
contrast, the replicators inside the other organism will not be able to proliferate as much. Hence,
the differential survival and reproduction of interactors affect the differential survival and
reproduction of replicators.13
As with Lewontin, Hull refers to lineages when characterizing natural selection. The
difference between them is that Hull’s framework allows for two kinds of individuals and, thus,
it seems to allow for different kinds of lineage. On the one hand, selection only occurs if
replicators can form lineages. These lineages are genealogical sequences of extremely similar
entities. On the other hand, natural selection also relies on interactors being able to reproduce
and form lineages. These lineages are composed of entities that do not need to be similar, but
that respond to their environment’s pressure. Through the proliferation of their interactor’s
lineages, replicators can proliferate and form lineages as well. Imagine, again, the case of
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In this example, interactors and replicators are instantiated by different biological entities, namely organism and
genes respectively. Hull assumes that, in some cases, the same biological entity can be, at the same time, both
interactor and replicator.
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organisms as interactors and genes as replicators. The organism lineages will contain the gene
lineages, such that the proliferation of the former influences the proliferation of the latter.
In further contrast to Lewontin, Hull is explicit about the role that lineages play in
evolution (Hull, 1980, p. 327). He claims that lineages are entities that change indefinitely
through time as a result of the interplay between replicators and interactors. Lineages are
genealogical sequences that manifest evolutionary changes resulting from replication and
interaction. It is interesting to note that these evolving lineages, or units of evolution, do not need
to correspond to lineages of replicators or interactors necessarily. Replicators form lineages that
manifest change, just as interactors do. However, when using the term ‘lineage’ or ‘units of
evolution,’ Hull also refers to lineages whose individuals are neither replicators nor interactors.
This is the case of species-level lineages, which might be considered an evolving lineage (Hull,
1980, p. 328).
In summary, Hull’s framework seems to allow for three kinds of lineages, namely
replicator’s lineages, interactor’s lineages, and lineages formed by populations or species.
Nevertheless, these lineages are unified in the sense that they are units of evolution. Hull is
explicit about defining lineages as such units (Hull, 1980, p. 327). In this sense, his
characterization of lineages does not differ from Lewontin. Both scholars characterize lineages
as entities that evolve gradually as the result of selection and other evolutionary processes.
More recently, Peter Godfrey-Smith proposes a new characterization of natural selection
(2009). Godfrey-Smith characterizes selection in terms of Darwinian populations. These
populations are collections of “causally connected individual things in which there is variation in
character, which leads to differences in reproductive output (differences in how much and how
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quickly individuals reproduce) and which is inherited to some extent” (Godfrey-Smith, 2009, p.
39). These populations evolve over generations because their ‘Darwinian individuals’ reproduce,
form ancestor-descent sequences, and have traits that are transmitted and selected across time. In
this sense, Darwinian populations are population-level lineages (Booth, 2014).
The notion of reproduction plays a central role in Godfrey-Smith’s approach to selection.
Darwinian individuals are reproducers and are therefore able to form population lineages.14
Godfrey Smith presents a novel notion of reproduction in terms of three variables: bottleneck,
integration and germ-soma separation (Godfrey-Smith, 2009, pp. 91–95). ‘Bottleneck’ refers to a
narrowing that separates two consecutive generations of individuals. For example, consecutive
generations of human organisms are divided by a narrowing to a single cell, the zygote. This is
an extreme case of narrowing, and therefore a case of high “degree of bottleneckishness”
(Godfrey-Smith, 2009, p. 91). Integration is a variable that combines features such as a division
of labor within an individual, mutual interdependence of parts of an individual, and the existence
of external boundaries. The higher the degree of division of labor, interdependent parts and clear
boundaries, the more an individual is integrated. Finally, germ-soma separation refers to the
degree to which reproduction is a result of specialized parts of an individual. A clear case of
reproduction is when an individual has a high degree of bottleneck, integration, and germ-soma
separation.
Based on this view of reproduction, Godfrey-Smith emphasizes a specific
characterization of lineages. First, lineages are sequences of individuals who reproduce only in

Godfrey-Smith use the term ‘Darwinian individuals’ to refer to those individuals that take part in natural selection
as he describes it. This term should not be confused with ‘biological individual,’ a general term that can apply to
different types of individuals in biology. Many authors refer to individuals in natural selection as ‘evolutionary
individuals’ (Clarke, 2010, 2016).
14
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the sense of having some reasonable degree of bottleneck, integration, and germ-soma
separation. Second, as noted by Austin Booth, lineages can be distinguished between
paradigmatic and non-paradigmatic ones (Booth, 2014). The former is composed of individuals
who score high on the three variables of reproduction, while the latter is composed of individuals
who score low. This difference between paradigmatic and non-paradigmatic lineages is one of
degree. In this sense, Godfrey-Smith defends a single kind of individual and lineage, but he
admits degrees of individuality and ‘lineageness.’
Lewontin, Hull, and Peter Godfrey-Smith characterize lineages as genealogical sequences
formed by individuals. Yet, there are others, like Matthew Haber, who inverts this reasoning
(Haber, 2012, 2016). According to him, biological individuals are “lineage generating entities
that are both constituted by and constitutive of other biological individuals” (Haber, 2016, p.
923). This definition treats individuals as entities that can generate lineages, but also as entities
composed of lower-level lineages. For example, I am a human organism. I am part of the human
lineage, and my offspring will also be part of it. At the same time, my body is composed of
genealogically related cells. As a result, I am composed of cell lineages. I am constituted by and
constituted of cells and other biological individuals that form lineages.
Haber’s view on lineages and individuality explores the idea of levels of organization in
biology. He stresses that biological entities form a hierarchy (Haber, 2012, p. 611). Genes are
part of cells, which are part of organisms, which belong to populations and species. Additionally,
each of these entities produces more of themselves and, thus, form genealogical sequences.
Genes form gene-level lineages; cells form cell-level lineages, and so on. The consequence is
that the living world contains a hierarchy of lineages. Gene lineages persist within cell lineages,
which persist within organism lineages, and so on. Higher-level lineages contain lower-level

37
lineages. Hence, Haber coins the term ‘multi-level lineages’ to refer to these hierarchically
organized lineages.
In summary, Lewontin, Hull, and Godfrey-Smith present different characterizations of
natural selection, but they all converge at the idea that selection requires lineage formation.
Lineages play the role of units of evolution: evolutionary change accumulates and manifests
itself throughout many successive generations of individuals. The scholars adopt an abstract
characterization of natural selection, individuals, and lineages that can apply to various levels of
biological hierarchy. Haber emphasizes the existence and entanglement of individuals and
lineages at different levels. The living world contains complex, interrelated hierarchies of such
entities. As I discuss in later chapters, these hierarchies raise issues in biological classification
and metaphysics.
2.7 Paleobiology and The MBL Model
Around the 1970s, paleontologists started to seriously study the intersection of
paleontology and evolutionary biology (Sepkoski & Ruse, 2009). The discipline Paleobiology is
born out of that intersection, especially when paleontologists begin adopting methods of
evolutionary biology and rethinking evolution based on their paleontological research.
Paleobiology also incorporates technical and methodological advances from other parts of
biology. These advances allow paleontologists to develop quantitative models to study topics
such as mass extinctions and other macroevolutionary patterns.15
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Macroevolution refers to evolution at the scale of species and higher taxa. Species radiation would be an example
of a macroevolutionary pattern. It contrasts with microevolution, which considers evolutionary processes involving
organisms and populations, such as selection at local groups.
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An example of a model developed by paleontologists is the MBL model.16 Initially
published in 1973, this model simulates evolutionary dynamics over time (Raup et al., 1973).
More specifically, MBL simulates the history of life as if it were the result of stochastic
processes, i.e., processes to which a random probability is assigned (Sepkoski, 2012, p. 223).
This model removes natural selection or any other specific evolutionary process of the
simulation. Instead, it creates evolutionary patterns by attributing a random probability to events
such as extinction and the branching (splitting) of lineages. The importance of this model is in
showing how stochasticity can generate certain patterns observed in the fossil record. This is
important because it challenges the assumption that patterns observed in the fossil record are
necessarily the result of selection and non-stochastic evolutionary processes.
The basic unit in the MBL model is a lineage. Raup et al. (1973) do not present a proper
definition of lineages, but characterize them as genealogical sequences that can do three things:
persist in time, branch, and go extinct (Raup et al., 1973, p. 528). Branching processes are
speciation events. Nevertheless, this should not imply that lineages are necessarily species.
Rather, Raup et al. (1973) claim that ‘lineage’ can apply to various taxonomic levels, from
breeding populations to phyla. The MBL model aims at generality, and, for this reason, its
concept of lineage applies to different levels.
The MBL model attributes a few important characteristics to lineages. First, all lineages
derive from a single ancestral lineage. This point is not controversial because it derives from the
common ancestry thesis. Second, new lineages arise only by branching from a pre-existing
lineage. As a consequence, the model does not accommodate cases in which two lineages
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MBL stands for the Marine Biology Laboratory in Woods Hole, US, where the model started to be developed.
This is the same laboratory where cell lineage research was developed in the end of 19 th century.
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hybridize to generate a new one. These cases are called ‘hybrid speciation’ (Mallet, 2007).
Finally, a lineage does not evolve into a new lineage. This means that cases of ‘phyletic
evolution,’ when a species is transformed into another without branching, are not incorporated
into the model (Gould & Eldredge, 1993). Additionally, the idea that a branching event
necessarily results in the extinction of the ancestral species is not accepted.
This last point creates a divide between lineages in the MBL model and phylogenetic
systematics. Some phylogeneticists assume that a branching event marks the extinction of an
evolving lineage (species) and the rise of two new ones (as discussed in section 2.5 and also
Wiley, 1978; Wiley & Lieberman, 2011). Each branching event gives rise to two new entities.
Rather, according to the MBL model, a branching event is the persistence of the ancestral lineage
and the origin of one (not two) lineages, as we can see below (fig. 8):

40

Figure 8. Lineages in the MBL Model. Lineages are vertical dotted lines. Dots
represent time units and indicate how long lineages persist. Time runs upwards.
Lineages are numbered in chronological order of appearance. Raup et al. (1973, p.
529)

One of the MBL model’s aims is to simulate and predict patterns of diversity across time.
The simulation starts with a single lineage and an arbitrary unit of time (fig. 8). The lineage
persists through a unit of time, and then random probability decides whether the lineage (i) goes
extinct, (ii) persists until the next time unit and branches to produce a second lineage, or (iii)
persists to the next time unit without branching (Raup et al., 1973, p. 528). The same procedure
applies to all lineages that arise from the first one. In this vein, diversity will increase when the
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probability of branching is higher than the probability of extinction. It will decrease when
extinction is more probable than branching. Hence, diversity is measured in terms of the increase
or decrease of lineages.
In the MBL model, lineages are units in the simulation and help scientists arrive at
mathematical results regarding the increase or decrease of biodiversity. Similar to how
coalescent theory treats gene lineages (section 2.4), MBL focuses on lineages as representations
within models. This focus on representation is also present when biologists create phylogenetic
trees (section 2.5). Nonetheless, as I have shown, MBL contains assumptions about lineages that
are controversial (or rejected) in phylogenetics. MBL also contrasts with how biologists make
reference to lineages in other contexts. Biologists are not only interested in representing lineages
but also in conceptualizing or even manipulating them. For instance, evolutionists frequently
assume the concept of lineage in theories of natural selection and biological individuality, while
embryologists and population geneticists manipulate lineages of cells and organisms in
experimental settings.
2.8 Cell Lineage Tracing and Stem Cells
As I discussed early in this chapter, cell lineage studies became prominent during the
second half of the 19th century. Recent decades show a proliferation of these studies in the
examination of different subject matter, such as neuronal development, heart organogenesis, and
diseases (Youssef et al., 2010; Zahn, 2017). Cell lineage studies rely on a group of methods or
techniques known as ‘cell lineage tracing’ (Kretzschmar & Watt, 2012). These techniques use
various means to trace all and only all the progenitors of an original cell. They provide
information about the number of progenies, location, and differentiation of cells, revealing how
development unfolds at the cellular level.
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Since the 1960s, biologists have become particularly interested in stem cells. These cells
are the starting point of cell lineages in general. In fact, stem cells “are defined by [their]
reproductive abilities rather than by standard parts and [...] enclosing membrane[s]” (Fagan,
2017, p. 5). This definition of stem cell makes reference to the cells’ capacity to form lineages.
Every stem cell has to be able to self-renew and also differentiate, respectively, producing both
undifferentiated and differentiated cells (fig. 9). Hence, at each new generation, a stem cell is
able to branch into two cells.

Figure 9. Stem Cell Branching. The black circles represent stem cells’ capacity
for self-renewal and the white circle represents the capacity for differentiation.
Source: Fagan (2017, p. 9)

The very concept of stem cells relies on assumptions about cell lineages (2017, p. 9).
‘Stem cells’ is defined by the characteristics of stem cell lineages. First, a stem cell lineage starts
with an ancestor stem cell. Second, the persistence of this lineage depends on the number and
rate of self-renewing stem cell replications. When the stem cell loses its capacity to self-renew
(to generate another stem cell), the stem cell lineage ends or becomes a regular cell lineage (fig.
9). Third, a stem cell lineage contains cells that differ from one another in their cell properties.
This difference depends on the sequence of cell replication and has a predictable order. Cells at
different generations of a cell lineage manifest different traits. Finally, this difference in
properties, throughout cells, tracks and contributes to developmental processes. As offspring
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cells differ from their parents, they influence the formation of tissues and organs in a
multicellular organism.
The concept of lineage lies at the basis of the theory and practice of stem cell research.
For instance, what distinguishes types of stem cells is that stem cell lineages result in different
types of tissues and cell properties (Fagan, 2013, 2017). Some stem cell lineages can result in
any kind of cell tissue, while others cannot. To identify the capacity of stem cells to result in
different kinds of tissues, biologists study how they replicate and form lineages in the laboratory.
In other words, biologists use cell lineage tracing to understand stem cells and their dispositions
to generate further cell types. In this sense, the importance of cell lineage tracing is not just to
understand the development of organisms and their parts, as emphasized by early embryologists.
This technique is important to the understanding of what is a stem cell.
In summary, understanding stem cells depends on manipulating (tracing) lineages, but
also conceptualizing (defining them). In contrast to other contexts, stem cell research explores
both the theory and practice aspects of lineage. Additionally, the characteristics of stem cell
lineages do not apply to lineages in other research contexts. For instance, while successive
generations of cells have to display predictable changes in a stem cell lineage, predictable
changes are not a requirement for lineages in evolution or paleontology. The contrast between
lineages in evolutionary and non-evolutionary contexts will be explored throughout this
dissertation. This contrast is particularly interesting when considering the phenomenon of cancer.
2.9 Cancer
Cancer is a group of diseases that result from abnormal cell proliferation (Lean &
Plutynski, 2016). During the lifetime of a multicellular organism, cells replicate and die. The
pattern and rate of these events are regulated by developmental mechanisms, such that cells
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proliferate in a controlled and predictable manner. Cancer happens when this proliferation
becomes de-regulated, causing cells to replicate in abnormal ways. For instance, sometimes cells
take longer to die, become damaged, and generate defective cells. These cells become tumors
and might spread throughout the body. In this sense, cancer is traditionally investigated and
understood at the level of the cell (Garraway & Sellers, 2006). The concept of lineage is central
to theorizing cancer and deciding how to treat it.17
Cancer is an evolutionary process (Breivik, 2001; Cairns, 1978; Germain, 2012; Germain
& Laplane, 2017; Navin et al., 2011). This process involves variation, replication, and natural
selection among somatic cells in an organism. For instance, cancer relates to the degree of
genetic instability of cells, i.e., the rate of DNA mutation in them (Breivik, 2001). Cells with
high genetic instability are the ones with a high rate of mutation. This mutation rate increases
and activate oncogenes, i.e., genes that can lead to cancer. Additionally, a high rate of mutation
causes cells to lose tumor-suppressor genes (Breivik, 2001, p. 5379). Hence, as cells with high
genetic instability continue to replicate and form lineages, the chances of tumor formation in the
organism increases.
Genetic instability is selectively advantageous for cells in certain environments.
Experiments show that instability is favored in mutagenic environments, such as ones with the
presence of methylating agents (Breivik, 2001, p. 5380). In these environments, the cost of
repairing DNA for cells is higher than the probability of successful replication. The consequence
is that the rate of DNA mutations increases in cells, which are selected for genetic instability in
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This section focuses on non-transmissible cancers. Therefore, I do not consider cases in which cancerous cell
lineages move from one organism to another, such as the cases of cancers in Tasmanian devils (Cheng et al., 2019).
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those environments. Genetically unstable cells form lineages that outcompete genetically stable
ones.
The concept of lineage underlies the theory of cancer as a selection process. Cancer
depends on the lineages of unstable genetic cells, which outcompete other cell lineages and
branch in an uncontrolled way that leads to tumor growth. Normal organism development is
disrupted by cancer because unstable genetic cells are selectively advantageous. This
development depends on a regulated proliferation of cell lineages and the execution of
developmental pathways (sequences of programmed cell changes). In contrast, genetically
unstable cells form lineages that change or nullify these developmental pathways (Garraway &
Sellers, 2006, p. 594). These cells might even co-opt such pathways to favor cancer progression.
This theorization of cancer in terms of cell lineages is important. For one, it reveals how
development and evolution intersect at the level of cells. Cell lineages are responsible for
executing developmental pathways, as successive generations of cells manifest different,
predictable changes. These changes occur in a particular order that, for instance, results in
mature cells composing a specific tissue or organ in the adult body. Nonetheless, cell lineages
are also units of evolution. They can evolve as a result of random mutations and selection acting
on cells. As I have described, cancer is an evolutionary process in which certain cell lineages
outcompete others. Therefore, cancer is a paradigmatic example of how evolution at the cellular
level can interfere in developmental processes.
The concept of lineage also underlies human cancer classification and, as a result, has
practical consequences. The distinction among types of human cancer is based on different,
cross-cutting criteria (Plutynski, 2019). Yet, most of these criteria assume that cells form
ancestor-descent sequences, such that different cancers depend on different ancestor cells
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(Garraway & Sellers, 2006). In other words, cancers are classified based on ancestry. For
example, some cancers are distinguished based on the location of their ancestor cell. This is the
case of the distinction between lung versus breast cancer. Lung cancer is one that starts with a
cell in the lung, while breast cancer starts with a cell in the breast. Other types of cancer are
distinguished based on embryological differences among their respective ancestor cells. An
example of this distinction is carcinoma versus sarcoma. Carcinoma has its origin in ancestor
cells that form internal organs of the body, while sarcoma starts with ancestor cells that produce
connective tissues in the body.
These classifications have practical consequences for treatment. For example, cancerous
germ-cell lineages are much more responsive to chemotherapy than types of cancers originating
in other types of ancestor cells (Garraway & Sellers, 2006, p. 594). Hence, cancer originating at
germ cells might be more successfully treated with chemotherapy than others. As a consequence,
the classification of cancer based on ancestry influences decisions on how to treat cancer. Given
that the concept of lineage underlies these classifications, it has an impact on these treatment
decisions.
In summary, theoretical and practical aspects of cancer rely on the concept of lineage. As
an evolutionary process, cancer gives an example of how cell lineages can be units of evolution.
While evolutionists and paleontologists usually discuss units of evolution as sequences of
organisms and species, oncologists consider units of evolution at the level of cells within an
organism. Development and evolution intersect at this level. Cancer is also an example of how
biologists create classifications based on ancestry. Previously, I noted that phylogenetics is
interested in an ancestry-based representation of lineages at the level of species (section 2.5). The
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striking difference is that cancer classification has a medical application and, thus, a direct
influence on the treatment of patients.
2.10 Microbiology and Experimental Evolution
The field of experimental evolution grew rapidly during the last decades of the 20th
century (Kawecki et al., 2012). This field studies evolutionary processes and patterns in
experimental settings. It usually uses organisms that are easy to control in the laboratory, such as
bacteria and other microorganisms, to cultivate and manipulate populations across generations.
Biologists study how these populations respond to evolutionary factors artificially imposed by
them in the laboratory. In this sense, experimental evolution investigates how lineages evolve
and give us information about the properties of these evolving lineages.
Since 1988, the laboratory of Richard Lenski, at Michigan State University, has carried
on well-known studies of experimental evolution with Escherichia coli bacteria (Lenski et al.,
1991). These studies have been published for decades, many under the title “Long-Term
Experimental Evolution in Escherichia coli.” Their starting point was the selection of 12 initially
identical populations of that bacteria in identical microenvironments. These bacteria replicate
continuously, and Lenski’s team keeps track of how evolution occurs generation after generation
throughout this process. The scientists collect samples of each population at different generations
and freeze them. This allows scientists not only to track evolution but to create and repeat
experiments with particular bacterial generations.
These experiments enable scientists to investigate the properties of evolving lineages.
One of these properties is evolvability. This property refers to the disposition of a lineage X to
evolve a character or trend Y relative to a time interval Z (Brown, 2014; Sterelny, 2007). For
example, one might consider the disposition of the primate lineage to evolve a non-1:1 hindlimb
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to forelimb ratio after several generations (Young et al., 2010). Within primates, it is noteworthy
that apes have evolved such a ratio, while Old and New World Monkeys have not. This
difference in evolution might be explained by a difference in evolvability: the characteristics of
apes and monkeys in the past were such that apes had a higher likelihood to evolve a non-1:1
hindlimb to forelimb ratio.
It is difficult to investigate the evolvability of lineages. Typically, it is hard to test the
following counterfactual: if the lineage X were to evolve again under the exact same past
conditions, it would have most likely evolved the trait or trend Y relative to time Z. This
counterfactual is true if the lineage X has the disposition to evolve Y relative to Z. Interestingly,
studies with bacteria can test this counterfactual and thus enable us to investigate the evolvability
of lineages.
A recent study considers the influence of evolvability in the evolution of E. coli, focusing
on the disposition of those bacteria to increase their fitness across generations (Woods et al.,
2011, p. 1433).18 In the first round of experiments, the analysis of samples at 500 generations
shows that two different groups of E. coli in a common environment evolved a slightly different
set of mutations. The first group had a fitness deficit of 6.3% when compared to the second
group. Based on these values, the first group was expected to be extinct after another 350
generations. Surprisingly, samples at 1,000 and 1,500 generations showed a radical change: the
first group took over the common environment and led the second one to extinction.
To understand the observed change in the first experimental round, biologists design a
second experiment (Woods et al., 2011, p. 1434). They take samples of both groups at 500
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In this study, however, evolvability is operationalized as the disposition of populations to increase in fitness
during a certain number of generations.
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generations, isolating twenty populations of each group. The bacteria replicated during 883
generations under the same environmental conditions as the first round. As a result, the
descendants of the first group overcame their initial fitness deficit and evolved to a higher fitness
than the descendants of the second group by an average of 2.1%. This result was obtained by
isolating random members from each of the forty populations at the 883-generation endpoint and
comparing their fitness. Such a comparison shows that the great majority of members of the first
group have higher fitness than the members of the second group. Given this robust pattern,
Woods et al. claim that the radical change observed in the first experimental round is not due to
chance. According to them, the first group outcompetes the second one after 1,000 generations
because it is more evolvable. The first group is more likely to increase in fitness in the long-term
than the second one.
This study provides us with an idea of how fruitful experimental evolution can be. The
possibility of manipulating generations of a lineage and putting them in the same environment
many times gives scientists the opportunity to test evolvability. This test gives us information
about lineages and helps biologists explain evolutionary events. Traditionally, one might
explain the evolution of lineages as a result of random mutations, stochastic processes, and
natural selection. Evolvability enables scholars to explain the evolution of lineages in a
different, complementary way (Brown, 2014). This explanation appeals to the dispositions of
lineages to change in certain ways based on their morpho-genetic and developmental
characteristics in the past.
In other studies, Lenski and his group investigate how the order of random mutations
can affect the evolutionary trajectory of bacteria (Blount et al., 2012). Here, they observe the
12 identical groups of E. coli evolving for 31,500 generations. After this time, one group
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evolved the capacity to metabolize citrate. The scientists were puzzled as to why only one
group evolved this trait, given that all 12 lineages were evolving under the same initial
conditions and environment. Moreover, it was perplexing as to why it took so many
generations for that trait to arise. To solve this puzzle, scientists conduct experiments to test
two hypotheses. The first hypothesis claims that the capacity to metabolize citrate depends on
a very rare mutation, while the second hypothesis claims that this capacity depends on specific
earlier mutations that should arise in the lineage.
Experiments show that the second hypothesis is the correct one. The scientists take
frozen samples of the group that evolved the capacity to metabolize citrate. These samples
correspond to different generations of this lineage. Scientists replay the original experiment
with these frozen samples and notice that the capacity to metabolize citrate repeatedly evolved
in later generations. This observation suggests that this capacity relies on a series of previous
mutations (Blount et al., 2012, p. 7903). As Marc Ereshefsky realizes, this suggestion has an
important consequence for the notion of lineage and species (Ereshefsky, 2014). The
evolution of lineages is often path-dependent; i.e., this evolution depends on the particular
order of mutations that occur across generations. Vary the order of mutations, and the
evolutionary outcome (e.g., the capacity to metabolize citrate) might not be the same.
As in the case of evolvability, path-dependence is an important property of evolving
lineages. Evolution is not only the result of gradual changes in lineages, but also the specific
order of these changes. For this reason, path-dependence motivates discussions about
contingency and historicity in biology (Beatty, 2006; Desjardins, 2011; Ereshefsky, 2014). In
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summary, studies in experimental evolution are attractive because they enable scholars to
empirically investigate those properties and explore such discussions.
Experimental evolution is not the only field in which lineages were used in an
experimental setting. Previously, I described the technique of cell lineage tracing (section 2.8).
I also discussed the idea of ‘pure lines’ as one example of testing and manipulation of lineages
in experiments of heredity (2.4). In those experiments, Johannsen and others create lineages of
self-fertilizing plants and their seeds to hypothesize about inheritance patterns. T.H. Morgan
manipulate lineages of fruit flies to investigate sex-chromosomes. In the case of experimental
evolution, the manipulation of lineages serves as a starting point to investigate evolutionary
processes and the properties of evolving lineages. This investigation is only possible after
biologists acquire knowledge of genes and modern techniques for dealing with bacterial
replication, resources that were unavailable at the beginning of the 20th century.
2.11 Conclusion of the Chapter
The concept of lineage does not receive systematic analysis from philosophers. In most
circumstances, philosophers briefly refer to lineages when discussing issues related to
evolution, individuality, species, and phylogenetics (Barker, 2019; Booth, 2014; Ereshefsky,
2017; Haber, 2012, 2016). However, the historical overview presented here encourages a
systematic and broader investigation of this concept. The reasoning is as follows.
My overview shows that lineages are important to the work of biologists in various
areas. At the same time that early evolutionists refer to lineages when theorizing evolution and
common ancestry, other biologists use them to study the embryological development and
cellular phenomena (Dröscher, 2014). Cell lineage studies became prominent in the 19th
century, but they are still very important, as cell lineage tracing techniques continue to be
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developed. The concept of lineage appears in stem cell biology, the classification of cancer,
measurements of diversity in paleobiology, among other areas of research (Fagan, 2013; Lean
& Plutynski, 2016; Raup et al., 1973). In this sense, this overview demonstrates how
widespread the notion of lineage is in biology.
My overview also highlights the existence of lineages at various levels of biological
hierarchy. Lineages are not only sequences of organisms in ancestry-descent relation. For
instance, population genetics is interested in gene-level lineages and even chromosome-level
lineages. In paleontology, the concept of biological lineage usually refers to sequences of
entire species. The recognition of these various levels of lineage is important. For instance, it
enables us to investigate how these levels relate. Gene lineages exist within cell lineages,
which exist within organism lineages, and so on. Once biologists and philosophers pay
attention to the relationships between levels of lineages, they become aware of certain
complex phenomena in the living world that might challenge certain metaphysical views and
biological classification practices (Degnan & Rosenberg, 2006, 2009; Haber, 2012). One such
phenomenon is phylogenetic discordance, as I discuss in the following chapters.
This overview shows that biologists refer to lineages when accomplishing diverse
tasks. Biologists conceptualize, manipulate, and represent lineages according to research
purposes. One uses this concept when formulating and explaining how evolution works, how
individuals and genes partake in this process, how evolution produces diverse life forms, and
how cancer arises. The concept of lineage is key to many definitions of species. Furthermore,
biologists use this concept when trying to define species in a way that serves different areas,
such as paleontology and evolutionary biology (Simpson, 1951, 1961). The concept of lineage
also gives rise to cancer classifications that have a direct impact on the medical practice.

53
Biologists are also frequently interested in manipulating lineages in controlled
environments. Biologists intervene on cell lineages, usually placing a biomarker on cells to
identify their parent-offspring sequences (Kretzschmar & Watt, 2012). In the beginning of the
20th century, biologists were creating and intervening on lineages of plants and seeds to study
how heredity works. More recently, lineages of Escherichia coli evolve in the laboratory.
They are frozen and manipulated in many ways, so biologists can study evolutionary
properties (Blount et al., 2012).
Biologists also study the living world by representing lineages as part of their scientific
models. Phylogenetics is a paradigmatic example. This area creates representations of
evolutionary history, which usually contain lineages branching and giving rise to species and
other groups. Additionally, the coalescent theory allows for the representation of gene
lineages. The models of phylogenetics and coalescent theories focus on the study of ancestry
and evolutionary history. This emphasis is in contrast to how paleobiology uses scientific
models that represent lineages (Raup et al., 1973). These models calculate lineage branching
as a way to measure and predict diversity due to contingent events in nature. Moreover,
models in paleobiology adopt assumptions about lineages that other models refuse.
As biologists conceptualize, manipulate, and represent lineages, they often attribute a
different definition or characterization to them. When tracing cell lineages, developmental
biologists count all the descendants of an ancestor cell as part of that lineage (Stent, 1985). In
contrast, evolutionists rarely offer a precise characterization of the boundaries of a lineage
(Darwin, 2009). In phylogenetics, lineages contain some (but not all) descendants of an
ancestor population (De Queiroz, 1999). In several contexts, lineages are synonymous with
units of evolution, while in others, they are not (Fagan, 2013; Hull, 1980). In some domains of
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life and hierarchical levels, lineages have a strictly branching pattern, while in others, they
have not.
In summary, biologists use the concept of lineage in diverse ways for various
purposes. This diversity encourages a systematic investigation of lineages. First, it encourages
the philosophical analysis of what lineages are in biology. For example, when biologists talk
about lineages, are they referring to the same type of entity? This question becomes pressing
once one realizes the diverse definitions, representations, and uses of lineage in biology. More
generally, what does this diversity reveal about the complexity of our natural world and
scientist’s metaphysical commitments? Second, this diversity encourages revisiting general
issues in the philosophy of science. By investigating the uses of lineages in biology, one might
reveal new or unforeseen uses of concepts and representations in science. For example, how
do concepts and representations benefit scientific activities? How do they contribute to the
social aspects of science, such as integration across disciplines and collaborations? The
diverse approaches to lineage surveyed in this chapter offer new insights or answers to these
questions. More generally, what does this diversity of uses reveal about the practices of
scientists? These two sets of questions deserve philosophical attention. I discuss them in the
following chapters.
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3. In Defense of Lineage Pluralism

The diverse uses of lineages in biology give rise to philosophical questions. One central
issue concerns the metaphysical nature of these entities. If we agree that the concept of biological
lineage refers to a type of entity in the world, the first question that arises is in regard to the
defining features of this type of entity. What set of creatures (cells, genes, organisms) form a
lineage? What is the relation between these creatures? What are the boundaries between
lineages? Are different lineages instances of the same type of thing?
In this chapter, I will discuss these questions. I will argue for lineage pluralism; that is,
the view that lineages are not a single, unified type of entity. This view goes against the monistic
assumption shared by philosophers and biologists. Monism says that lineages form a single type
of entity in the world. I begin this chapter with a discussion on the nature of biological species
(3.1). This discussion might seem like a detour, but it will prompt questions about lineages and
help to identify different types of pluralism and monism in the philosophical literature. I will
then examine the nature of lineages (3.2). First, I will describe how the monistic assumption
figures in the views of some biologists and philosophers (3.2.1). Second, I will present four
arguments for lineage pluralism (3.2.2 - 3.2.5). Finally, I compare these arguments to the
discussion concerning the nature of biological species (3.3). This comparison enables me to
identify the type of pluralism subscribed by each of my arguments and respond to possible
criticisms.
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3.1 The Nature of Species
The nature of biological species is controversial among philosophers and biologists. One
of the controversial points concerns the defining features of these entities (Ereshefsky, 2017).
Why should a set of organisms (e.g., modern humans) be treated as a species, rather than a subspecies, genus, and so on? This question receives many conflicting answers because biologists
and philosophers define ‘species’ differently. Each definition is considered a species concept and
provides a specific set of defining features for biological species. For instance, Coyne and Orr
identify nine different species concepts in modern literature (Coyne & Orr, 2004, p. 27). Other
scholars, such as Hey (2001) and Wilkins (2009), identify more than twenty species concepts in
this literature. More importantly, philosophers and biologists debate which of these concepts is
adequate.
The choice over species concepts has theoretical and practical consequences. This is
because different species concepts generate different classifications of organisms. For example,
the biological species concept defines species as groups of interbreeding populations that are
reproductively isolated from other such groups (Coyne & Orr, 2004; Mayr, 1942). In contrast,
one of the versions of the phylogenetic species concept defines species as an irreducible cluster
of organisms that is diagnosably distinct from other such clusters, and within which there is a
paternal pattern of ancestry and descent (Coyne & Orr, 2004, p. 27). These two concepts specify
different defining features for biological species. For this reason, biologists using these concepts
will disagree on how to classify organisms into separate species.
For example, most biologists recognize only one tiger species (Panthera tigris) in nature
(Ludwig, 2016, p. 1255). They argue that the Bengal Tigers (Panthera tigris tigris) and
Sumatran Tigers (Panthera tigris sumatrae) are subspecies rather than different species of tiger.
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The biological species concept supports this conclusion. Bengal Tigers and Sumatran Tigers can
breed and produce fertile offspring, such that they form a group of interbreeding populations and,
thus, form a single species. However, proponents of the phylogenetic species concept would
disagree. Bengal Tigers and Sumatran Tigers are the smallest diagnosable clusters of tigers
within which there is a parental pattern of ancestry and descent. Hence, they should count as
separate species.
This example shows that disagreements over species concepts lead to discrepancies in
classification. These disagreements might hinder science. As biologists adopt conflicting
classifications, they are prone to talk past each other and to generate inconsistent scientific
results. Furthermore, conflicts over classification impose practical challenges to society. Imagine
that Sumatran Tigers are experiencing rapid extinction and conservation societies want to alarm
citizens and the government. If conservation organizations assume the biological species
concept, they will claim that only a subspecies of tiger is under the threat of extinction. By
comparison, if those organizations assume the phylogenetic species concept, they will claim that
an entire species of tiger is going extinct. These two claims have very different practical effects
on society and government, given that governmental policies frequently give more attention to
the conservation of an entire species rather than a subspecies. Hence, the choice over species
concepts will have an impact on conservation.
Another practical impact of the species concept is on decisions regarding public health.
Ernst Mayr (1942) presented the famous case of malaria and its vector, the mosquito Anopheles
maculipennis. The significant phenotypic similarity among adult mosquitos led biologists to treat
Anopheles maculipennis as a single species. In 1934, biologists discovered that many populations
of mosquitos do not interbreed and concluded, following the biological species concept, that
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these populations form at least seven different species. The adoption of the biological species
concept made biologists divide Anopheles maculipennis into these different species. With this
new classification, biologists realized that only a few species of mosquito were causing the
malaria epidemic in Europe. This allowed them to target these problematic species and
efficiently fight this epidemic. Consequently, malaria virtually disappeared from Europe.
Interestingly, Robert Attenborough (2015) studied malaria in Africa and concluded that
the biological species concept does not provide the best classification to fight malaria in that
region. Populations of mosquito differ only in a few molecular traits and the biological species
concept fails to identify these differences. In contrast, the phylogenetic species concept would be
able to identify these differences and, thus, help distinguish the dangerous populations of
mosquitos from others (Attenborough, 2015, p. 147; Conix, 2019). If Attenborough is correct,
choosing between the biological species concept and the phylogenetic species concept has a
practical influence on the capacity of doctors to fight malaria in Africa. This example shows that
the choice over species concepts is important for public health issues and might differ according
to where in the world these issues arise.
While the choice over species concepts impacts science and society, there is no
consensus over which concept best describes the nature of species (Ereshefsky, 2017). This longlasting controversy prompts the question of whether there is only one adequate species concept.
On the one hand, one might think that if biologists and philosophers carefully investigate the
nature of biological species, they will eventually converge on a single, correct definition of
species. There is only one adequate species concept. This view is called species monism. On the
other hand, one might think that the controversies over species reveal something about the nature
of biological species, namely that these entities cannot be unified into a single species concept.
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Some (or many) species concepts can be correct because different biological species have
different defining features. This view is called species pluralism.
The debate between species monism and pluralism is metaphysical. This debate centers
on whether biological species have a single set of defining features, such that one could define
these entities using a single species concept. Two clarifications are necessary at this point. First,
monism does not commit one to the idea that the correct species concept is already present in the
literature or will even be recognized in the future. Monism claims that only one species concept
is ultimately correct, even if biologists and philosophers never reach a consensus. Second,
pluralism is not a view about the current state-of-affairs in the literature. Pluralism claims that
there is no hope for reaching a consensus in the literature because the nature of biological species
is too diverse. In the following, I describe a prominent species monism position and a few
variants of pluralism.
3.1.1 Species Monism
Kevin de Queiroz (1998, 1999, 2005) is currently the main proponent of species monism.
According to de Queiroz, a careful analysis of all species concepts in the literature reveals that
monism is true. These concepts “either explicitly or implicitly equate species with segments of
population-level evolutionary lineages” (De Queiroz, 1998, p. 60). He claims that all species
concepts are committed to the same nature of biological species, namely species are segments of
population-level lineages that evolve separately from one another (see section 2.5). To better
understand his view, I begin with his definition of lineage.
Kevin de Queiroz defines lineages as a series of entities forming a single sequence of
direct ancestry and descent (1999, p. 50). Lineages exist at different levels, but species are
lineages at the population level. They contain organisms and these organisms generate offspring,
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forming a sequence of populations over time. In other words, a species is a sequence of
populations connected by the ancestry-descent relations of organisms. More specifically, a
species is a segment of the total sequence of populations. A species starts when a population
diverges from other populations in genetics, morphology, and evolutionary tendencies.
Gradually, this population becomes reproductively isolated, ecologically specialized,
morphologically distinct, and so on. In figure 10, point A represents the beginning of a species.
This species persists until point D, when it divides into two new species. Notice that a
population-level lineage persists from point A towards point D and beyond. Yet, a species is only
a segment of this lineage and goes from point A to D.

Figure 10. Lineages vs. Species. Species are lineage segments, as the line from A
to D represent. Source: modified from Cellinese et al., (2012, p. 886)

De Queiroz calls his definition of species the general lineage concept of species.
According to the author, this species concept underlies all the others. Current species concepts in
the literature describe contingent features of species, identifying properties and processes that
apply to these evolutionary lineages (De Queiroz, 1999, p. 79). Some species concepts
emphasize reproductive isolation, whereas others emphasize ecological specialization,
morphological distinction, and so on. While these concepts emphasize different properties and
processes, all of them would agree on the underlying nature of species.
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De Queiroz concludes that the debate over species concepts only persists because of a
mistake made by most biologists and philosophers. The error is to assume that each species
concept in the literature describes a necessary rather than a contingent property of species.
According to de Queiroz, the only necessary property of species is that they are segments of
population-level lineages.19 While some biologists accept this idea, many biologists and
philosophers do not. Species pluralism is the favored position on the debate over species
concepts. There are different versions of this view, as I show next.
3.1.2 Species Pluralism
According to species pluralism, the natural world is such that species have different sets
of defining features. There is no single correct species concept because the nature of species is
too diverse. Mishler and Brandon (1987) develop a version of this view. According to them,
species come into existence and persist due to different processes. Some of them rely on
reproductive processes, while others rely on ecological or other types of processes. For example,
one might claim that what makes humans a species (rather than a subspecies or genus) is that
human organisms can interbreed with one another. In contrast, one might argue that the species
of bacteria Pseudomonas fluorescens is a species (rather than a subspecies or genus) because of
certain genetical traits that its bacterial organisms possess. Different groups of organisms count
as species for different reasons because they are formed by different processes.
This first version of species pluralism has an important characteristic. Mishler and
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The only necessary property of biological species is the defining feature of the species category. In contrast, the
contingent properties of biological species are the processes and properties that bring these species into existence. In
this sense, the debate about species only persists because scholars conflate two different questions concerning
species, namely the question about the defining features of the species category and the question about how species
taxa come into existence (see section 2.5).

62
Brandon adopt pluralism only in regards to the ranking criteria of species. Ranking criteria tell us
about the conditions under which a group of organisms belongs to the taxonomic category of
species rather than subspecies, genus, family, classes, and so on. For example, the criteria that
make Homo sapiens and Pseudomonas fluorescens species are different. The first is based on
interbreeding, while the second is based on genetic traits. In this sense, there is no single ranking
criterion for the species category. There is no single set of features that make all species belong
to this taxonomic category.
Despite pluralism, Mishler and Brandon claim that there is only one adequate way to
classify organisms into species. This criterion is called monophyly. It assumes that a species is a
monophyletic group (or clade), i.e., a set containing all organisms descending from a single
ancestor, originating from a single evolutionary event (1987, p. 409). Hence, to identify whether
organism X belongs to species A or B, one should investigate the ancestor of this organism. All
humans belong to Homo sapiens because they descend from the same ancestor organism.
Likewise, the bacteria that belong to Pseudomonas fluorescens necessarily descend from the
same ancestor bacteria. In this sense, Mishler and Brandon adopt monism regarding the grouping
criteria of species. Monophyly is the only adequate criterion for grouping organisms in the same
species.
Therefore, as described, the position of Mishler and Brandon is both pluralist and monist.
This position is pluralist in relation to the species ranking or category, but it is monist regarding
how to group organisms into species taxa (natural groups). This monism leads the authors to
defend a version of the phylogenetic species concept, which defines a species as groups of
organisms with a degree of monophyly (1987, p. 406). This definition treats species as lineages
explicitly. Monophyly is a genealogical relation and, for this reason, organisms of a species form
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genealogical sequences of parent-offspring. In summary, all species are monophyletic lineages.
Philip Kitcher (1984) proposes a second version of species pluralism. In contrast to
Mishler and Brandon, Kitcher argues that there are numerous correct ways to classify organisms
into species. Kitcher argues for pluralism regarding the grouping criteria for species (1984, p.
309). The reason for his claim is twofold. First, different types of organisms might require
different grouping criteria. For example, while human organisms might be classified into Homo
sapiens based on interbreeding, bacterial organisms might be classified into Pseudomonas
fluorescens based on genetics. Second, biologists have different purposes when classifying
organisms and there is no single grouping criterion that is useful for all purposes. Hence, even if
one argues that all species can be classified using monophyly, Kitcher would contend that
monophyly might not always be useful to classify them.
Imagine that biologists are investigating whether there are signs of speciation in human
populations. The purpose of these biologists is to discover whether some human populations are
evolving towards becoming a new, separate species. For this purpose, classifications based on
monophyly are not optimal. If human populations are becoming a new species, then there should
be a process of reproductive isolation occurring in these populations. To best account for the
effects of this process, the classification of humans into species should use the criterion of
interbreeding rather than monophyly. In summary, depending on the research goal of scientists,
the same organisms can legitimately be classified in different ways. As a consequence, there is
no single, correct way to tell whether organism X belongs to species A or B.
Kitcher’s pluralism is also a departure from Mishler and Brandon in another sense.
According to Kitcher, there are two different types of legitimate species concepts, namely
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historical and structural (Kitcher, 1984, p. 309). Historical species concepts assume, implicitly or
explicitly, that species are lineages, while structural concepts do not make the same assumption.
For instance, the phylogenetic species concept is historical, but a concept that classifies bacterial
organisms solely in terms of genetic similarity is not. This is a structural concept. These different
types of species concepts contribute to different classifications and are adequate for different
uses. Moreover, they indicate that species are not necessarily lineages. Depending on the type of
organism and the purpose of the classification, species should not be treated as lineages but mere
sets.
Before proceeding to the next version of species pluralism, one should consider a final
contrast between Kitcher (1984) and Mishler and Brandon (1987). Both versions of pluralism
take the word ‘species’ as a theoretical term in biology. Both versions of pluralism only consider
how biologists use the species concepts. The difference between these versions is whether any
field or theory of biology takes precedence over the other in describing the nature of species.
Mishler and Brandon prioritize evolutionary theory over other areas of biology. According to
them, evolution dictates the adequate ranking and grouping criteria for species. In contrast,
Kitcher’s pluralism does not center around evolutionary theory. Biologists have various interests
besides evolutionary theory and biology comprises a series of processes (e.g., development) that
are not evolutionary. Pluralism follows from considering the variety of purposes and processes in
biology. For this reason, species are not necessarily lineages.
John Dupré (1993) proposes a third version of species pluralism. Dupré highlights that
evolutionary theory is not the only important context for species concepts and classifications
(1993, p. 43). This means that different contexts within biology will require different concepts
and classifications. For example, Dupré shows that ecological theory requires classifying
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organisms into species based on ecological functions, such as predator and prey. This
classification does not assume that species are lineages. Therefore, Dupré agrees with Kitcher
that there is no single, correct way to tell whether organism X belongs to species A or B.
Yet, Dupré’s pluralism is more radical than Kitcher’s view. This is because his pluralism
does not focus on biological theory. Dupré does not prioritize biology over non-scientific
domains. He claims that species concepts and classifications based on non-scientific purposes
and methods are legitimate (2002, pp. 42–43). This means that there is a plurality of legitimate
classifications both within and outside biology.
Take the example of lilies (1993, p. 28). Species of lilies belong to different genera within
the lily family (Liliaceae). Some species of lilies belong to the genus Calochortus. However, this
genus is shared with various species of mariposa tulips and star tulips. In other words, this genus
contains lilies but also non-lilies, which makes the category ‘lily’ a non-scientific one. This
category is neither a genus nor a family according to standard biological classification.
Nonetheless, this category includes organisms based on distinct phenotypical characteristics,
such as shape and odor. Dupré argues that classifying these organisms based on these
characteristics is legitimate. These classifications reflect both the natural cluster of those
properties and human interests. Hence, ‘lily’ is a legitimate category in classification.
Marc Ereshefsky (1992, 2001) proposes a version of pluralism that departs from all
previous versions. Ereshefsky differs from Mishler and Brandon in that he claims that there is no
single, correct way to group organisms into species. The phylogenetic species concept offers a
legitimate classification of species, but this classification is not the only legitimate one. Yet,
Ereshefsky considers that all legitimate classifications assume that species are lineages
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(Ereshefsky, 2001, p. 154). Hence, he accepts various historical species concepts but refuses
structural species concepts. He departs from Kitcher (1984) in this sense. Finally, Ereshefsky
does not accept, as legitimate, non-scientific classifications of species. Unlike Dupré, he
considers ‘species’ primarily a theoretical term to be defined by biology.
Ereshefsky’s pluralism is situated between the other versions of pluralism (2001, p. 154).
His pluralism is not as permissive as the views of Kitcher and Dupré. Ereshefsky only allows
species concepts that treat species as lineages, excluding species as sets and non-scientific kinds.
By treating species as lineages, Ereshefsky preserves an insight from Mishler and Brandon
(1987). This insight is that evolution dictates that species and other natural groups are lineages.20
At the same time, contrary to Mishler and Brandon, Ereshefsky does not commit to the view that
one must use the criterion of monophyly in order to group organisms into these lineages. Species
are lineages, but they are not necessarily monophyletic lineages.
The pluralism of Ereshefsky appeals to the existence of different types of lineage in
nature (1992, 2001). He argues that various evolutionary forces act at the same time on
organisms. These forces are reproduction, ecological pressures, and ancestry, among others.
Each of these forces contributes to the formation of a different type of lineage. For example,
organisms capable of interbreeding form a type of lineage, namely an interbreeding unit.
Organisms that occupy the same ecological niche form another type of lineage, namely an
ecological unit. Finally, organisms related by monophyly form a monophyletic unit (Ereshefsky,
1992, pp. 676–677). Each of these units is a distinct type of lineage, i.e., a genealogical sequence
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This insight appears repeatedly in the works of various other scholars, such as Simpson (1961), Hull (1980), and
de Queiroz (1999). Both monists and pluralists, about species, agree on this point. I discuss this insight later in the
chapter.
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of organisms delimited by a distinct process. These units overlap because they contain many of
the same organisms. For instance, I am part of the human lineage, if one considers Homo sapiens
as a monophyletic lineage. I am also part of the human lineage if one considers Homo sapiens as
an interbreeding unit. These two lineages overlap extensively, but they are not identical. For
example, it is not clear that early members of Homo sapiens could potentially interbreed with
modern humans and produce fertile offspring. Early humans belong to the monophyletic lineage
of Homo sapiens, but they might not belong to the interbreeding unit of humans.
At this time, I want to offer a final point of comparison among the versions of pluralism
that are previously discussed. In the edited volume Scientific Pluralism (2006), Kellert, Longino,
and Waters provide a distinction between modest and radical pluralism in science. One kind of
modest pluralism claims that different phenomena in nature require different approaches, but that
there is a single, best account for each phenomenon (2006, p. xii). Mishler and Brandon (1987)
adopt this kind of pluralism (see also Mishler & Donoghue, 1982). They claim that different
species come into existence and persist due to different evolutionary processes. Hence, they
accept that, for each species, there is a set of defining features (processes) that determine the
nature of that species. By comparison, Kitcher (1984) and Dupré (1993) adopt a radical form of
pluralism. They argue that there is no single, best approach for defining and classifying each
species. Each way to define species is responsive to a different interest and no interest is more
adequate than others. The problem with this radical form of pluralism is that it becomes difficult
to distinguish it from species relativism (2006, p. xiii).
Kellert et al. (2006) have their preferred kind of pluralism. This pluralism shares some
commonalities with the pluralism of Ereshefsky. The shared idea is that a single phenomenon
might result from a complex interaction of factors, such that a complete scientific investigation
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and description of this phenomenon might require multiple accounts (2006, p. xiv). Furthermore,
one might not be able to integrate these accounts without the loss of content. In the case of
species, Ereshefsky highlights that evolution is a complex process that influences the same
organisms in various ways. For example, during the evolution of Homo sapiens, numerous
processes lead to changes in humans. There is no single, satisfactory way to classify humans into
Homo sapiens that considers all these processes at once. Hence, humans are legitimately
classified in different, overlapping types of lineage. The evolution of species is so complex that
its complete investigation and description requires multiple classificatory accounts of each
species.
In the remainder of this chapter, I rely on this survey of species monism and pluralism to
investigate what is a lineage. This survey enables me to introduce lineage monism and pluralism.
After arguing for lineage pluralism, I will show how my arguments parallel and contrast with
some types of species pluralism above. In particular, my defense of lineage pluralism is similar
(but not identical) to the pluralism of Ereshefsky and Kellert, Longino, and Waters.
3.2 The Nature of Lineages
The concept of lineage is part of the long-standing controversy over the nature of species.
Some species concepts define species explicitly as lineages (e.g., Simpson, 1951; Templeton,
1992; Van Valen, 1976; Wiley, 1978). Moreover, many monists and pluralists disagree on the
nature of species but still treat them as lineages. De Queiroz (1999) claims that species are
segments of larger population-level lineages. These segments start with a bifurcation event and
end with either a subsequent bifurcation event or an extinction event (see, again, fig. 10).
Interestingly, Ereshefsky agrees that species are population-level lineages or segments of them,
but he distinguishes between different types of lineages. For him, the nature of species is not
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only a matter of organisms forming lineages, but also a matter of the evolutionary forces that
influence the organisms in these lineages.
The contrast between de Queiroz and Ereshefsky is illustrative. De Queiroz treats
lineages as genealogical sequences that lead to successive bifurcations. Lineages are a single
type of entity that generates a specific set of patterns in evolution. In contrast, Ereshefsky
considers lineages as genealogical sequences whose organisms are subject to evolutionary
processes. For him, the difference among processes justifies a metaphysical difference among
types of lineages. In this sense, the dispute between de Queiroz’s monism and Ereshefsky’s
pluralism relies on different views about the nature of lineages. Are lineages defined only by
their patterns (persistence, bifurcation, extinction)? Or are they also defined by the processes that
occur in their members (reproduction, ecological pressure, and so on)? Is there more than one
type of lineage? These questions receive no answer so far.
Questions surrounding the nature of lineage also emerge from other types of discussions.
Recently, philosophers and biologists have been debating extensively about the nature of
biological individuality (Bouchard & Huneman, 2013; Bueno et al., 2018; Clarke, 2010). These
scholars are particularly interested in identifying the defining features of individuals that can
exhibit variation in heritable fitness and, thus, be subject to natural selection. Many analyses
consider that one of the features of individuals is the capacity to form lineages. For example,
scholars argue that biofilms and holobiont associations are not individuals because they do not
form lineages (Clarke, 2016; Ereshefsky & Pedroso, 2013; Skillings, 2016). After all, what are
lineages? How do they form? Are all lineages formed by individuals that undergo selection? It is
difficult to understand the nature of biological individuals without answering these questions and
investigating the nature of biological lineages. We turn to this investigation next.
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3.2.1 Lineage Monism
Lineage monism is the view that lineages are a single, unified type of entity in nature.
According to this position, all lineages share the same set of defining features and fall under a
single category. This view is neither explicitly described nor assumed in the philosophical and
biological literature. Nonetheless, this perspective is present and deserves to be taken seriously.
Throughout his discussion of the nature of species, Kevin de Queiroz assumes lineage
monism (De Queiroz, 1998, 1999, 2005). All species are population-level lineage segments, and
figure as branches in a phylogenetic tree. The segmentation of population-level lineages is based
on branching (bifurcation) and extinction. This bifurcation might occur when populations split
and start becoming reproductively or ecologically isolated. The origin of two or more species
occurs at this moment. Additionally, lineage segments also have an endpoint. This endpoint
might be population (or mass) extinction or a new bifurcation event that turns the ancestor
species into new ones.
Segmenting population-level lineages generate units of the same type (species); however,
this is only the case if the segmentation of these lineages is itself commensurable. Consider the
following case. Bifurcations of the lineage Homo (genus) produce different species, such as
Homo neanderthalis and Homo sapiens. Likewise, bifurcations of the lineage Pseudomonas
(genus) produce different species, such as Pseudomonas aeruginosa and Pseudomonas
fluorescens. Segmentation contributes to a common nature among all these species; however,
one can ask whether these bifurcation events are similar enough to generate the same type of
segment. The reasoning is that the unified nature of species cannot only result from segmenting
population-level lineages, but it also must rely on the idea that different segmentations have
something in common. This commonality between segmentations would justify treating different
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population-level segments as the same type of entity.
Lineage monism is the assumption justifying this treatment. De Queiroz does not
explicitly defend this assumption, but his argumentation suggests that he is committed to lineage
monism. He assumes that there is something in common among population-level lineages, such
that, if one segments them, these segments will have a unified nature. In other words, populationlevel lineages have a unified nature and, thus, segments of these lineages also have a unified
nature. In summary, his reasoning is that, given the monistic nature of population-level lineages,
segmenting them will generate the monistic nature of species.
De Queiroz’s lineage monism becomes clearer when he compares lineages at different
levels. De Queiroz does not only assume that population-level lineages are of the same type, but
also that lineages are a single, unified type of entity (De Queiroz, 1999, p. 50). Lineages are
ancestor-descent sequences that exist at various levels of biological organization. These
sequences are a single type of pattern that one can observe in genes, cells, organisms, and so on.
Each lineage persists only if its components (e.g., genes, or cells, or organisms) keep generating
more of themselves. Moreover, lineages proliferate because they branch, and this branching
creates new lineages. Hence, de Queiroz implies that lineages are a single type of entity because
they correspond to, and create, specific genealogical patterns in nature. This type of entity allows
commensurable segmentations based on branching and extinction.
De Queiroz’s monism is appealing when one considers the idea of phylogenetic trees.
Phylogenetics is a field in biology that is interested in representing evolutionary history – a
representation that usually takes the form of a phylogenetic tree, or a tree-like structure, in which
lineages branch and generate new lineages (Baum & Smith, 2013, see also section 2.5). The tree-
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like structure is divided into monophyletic groups or clades, which are groups containing a
common ancestor and all its descendants. One assumption in phylogenetics is that evolution
naturally produces clades, and thus evolutionary history is a history of clade formation (Hennig,
1966, pp. 154–155). Lineages are the entities responsible for branching, which leads to the origin
of clades. The assumption present in phylogenetic trees is that all represented lineages can form
clades (fig. 11).

Figure 11. Hierarchy of Monophyletic Groups. The numbers 1 to 7 indicate
seven monophyletic groups. Each group contains an exclusive common ancestor
and all its descendants. Each group has an assigned number from 1 to 7. Clade 7
contains all other clades. Clade 6 contains clades 3, 4, and 5. Clade 5 contains
clades 3 and 4. Clade 2 contains clade 1. Source: Jonathan Hendricks
https://www.digitalatlasofancientlife.org/learn/systematics/phylogenetics/treesclassification/

It is appealing to think that what unifies lineages is the fact that they can branch and lead
to clades. Otherwise, if lineages are various types of entities, some of them might not be able to
form clades. If not all lineages can generate clades, then not all evolutionary history can be
divided into clades. In this case, evolutionary history would not be a tree-like-structure entirely
divided into clades. This would be an undesirable consequence for many phylogeneticists (Baum
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& Smith, 2013; c.f., Doolittle & Bapteste, 2007). The division and representation of evolutionary
history into clades, as done by phylogenetic trees, suggest that evolutionary history is made of a
type of entity that can generate clades. The nature of lineages is monistic because all lineages
would have this capacity.
Prominent characterizations of evolution also suggest that lineages are a single type of
entity because they play a single role in evolution, namely, units of evolution (Hull, 1980;
Lewontin, 1970). Lineages are units that ‘evolve’ in the sense that they accumulate and manifest
evolutionary changes over time. This idea of lineage as units of evolution is supported by how
biologists and philosophers describe natural selection and other evolutionary processes
(Ereshefsky, 2001; see also section 2.6). These processes require reproduction, trait transmission,
and, therefore, the formation and persistence of lineages. Biological entities form lineages, which
allow traits to pass along to future generations. As selection acts on different generations of a
lineage, the transmitted evolutionary changes are selected and accumulate. The result is that
lineages will change as they persist. The traits present in the lineage will change generation after
generation. Hence, lineages are the entities that display the effects of evolution by natural
selection and other evolutionary processes.
As I have shown in the previous chapter, the idea that lineages are the units of evolution
is widespread among philosophers and biologists (Hull, 1976; Simpson, 1951; Teuerman, 1924;
Wiley, 1978). In the context of David Hull’s replicator approach to natural selection, he makes it
clear that only lineages are units of evolution. According to Hull, this is part of their definition
(1980, p. 327). He defines lineages not simply as ancestor-descent sequences, but as sequences
that accumulate and manifest changes due to natural selection. Other biological entities such as
genes, cells, and organisms cannot play this role. These entities do not persist long enough to
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accumulate evolutionary changes and then manifest these changes. Rather, selection occurs
across generations of genes, cells, and organisms. These entities form lineages and they carry
traits that have been passed on throughout the lineages. While these entities might be units of
selection, but only their lineages can be units of evolution.
The same idea of lineages as units of evolution underlies other recent and popular
approaches to evolution by natural selection. For example, Peter Godfrey-Smith offers an
approach that suggests lineage monism (2009). He characterizes selection as a process involving
“Darwinian individuals.” These individuals include any reproducing biological entities.
Reproduction is a complex phenomenon involving bottleneck, integration, and germ-soma
separation (2009, pp. 91–95). The definition of these features does not matter for the purposes of
this chapter (see section 2.6). Still, an important aspect of Godfrey-Smith’s approach is that
bottleneck, integration, and germ-soma separation vary in degrees. The degree to which
individuals have these features determines the degree to which they are clear cases of
reproducing entities. Selection acts more clearly on some entities than others depending on how
much these entities satisfy those features of reproduction.
This variation in the degree of reproduction and selection is connected to the notion of
lineage. When describing Godfrey-Smith’s account, Austin Booth shows that variation in the
degree of reproduction entails variation in how lineages are individuated (2014). Biological
entities that are paradigmatic cases of reproducing entities will form paradigmatic cases of
lineages. For example, humans are clearly reproducing entities, and, for this reason, it is very
apparent how they form lineages and what the boundaries are of such lineages. Human lineages
have clear boundaries and are clear cases of evolving lineages. In other words, Booth shows that
paradigmatic reproducing entities (individuals) form paradigmatic units of evolution.
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This analysis illustrates that, under Godfrey-Smith’s account, lineages are units of
evolution. Moreover, it shows that lineages might vary in the degree to which they function as
such units. Godfrey-Smith and Booth emphasize that, alongside individuals and selection,
lineages vary in degree rather than type. This emphasis is a mark of monism. These philosophers
characterize lineages based on the single role of units of evolution; furthermore, they indicate
that relevant differences among lineages are differences of degree.
Lineage monism is not explicitly argued for in biology or philosophy. Rather, lineage
monism is either an assumption or a suggestion drawn from how biologists and philosophers
characterize species, phylogenetic trees, evolution, and natural selection. De Queiroz (1999),
Hull (1980), Godfrey-Smith (2009), and Booth (2014) are examples of scholars who are
committed to the monistic view. These examples showcase two basic motivations for lineage
monism. First, lineage monism underlies the idea that evolutionary history is entirely divided
into clades. Lineages are a single type of entity, namely an entity that branches and leads to clade
formation. If evolutionary history is a history of clade formation, then it is a history of lineages
persisting and branching. Second, lineage monism is appealing because lineages perform a role
as units of evolution. This role is widely accepted by philosophers and biologists, such that
lineages are defined as units of evolution (Hull, 1980).
The two motivations for lineage monism are interrelated and complementary. They link
the nature of lineages to evolutionary processes and history. Lineages persist and branch as units
of evolution. While persisting, lineages accumulate and manifest evolutionary changes.
Evolutionary processes occur through them. When branching, lineages create clades and the
diversity patterns observed throughout evolutionary history. This monistic characterization of
lineages centers around evolution, but it does not center around any specific level of biological

76
organization. This is because lineages, at different levels (e.g., genes, cells, organisms), can
persist, accumulate change, and branch. These defining features of lineages are multiply
realizable, which means that they can be produced by different mechanisms. Hence, lineages of
genes, cells, and organisms are, at least in principle, units of evolution and can form
monophyletic groups. They are a single type of entity. In what follows, I challenge this monistic
characterization of lineage. I provide four arguments for lineage pluralism.
3.2.2 The Species Argument
As mentioned previously, Ereshefsky argues that species are different types of lineages
(Ereshefsky, 1992, 2001). His species pluralism is a version of lineage pluralism. As such, he
offers an argument for the plurality of lineages. I reconstruct and expand his argument in this
section. Before this, it is important to recognize two features of Ereshefsky’s view. First,
Ereshefsky is interested in species. For this reason, he discusses lineages at the level of
populations, and his main claim is that there are different types of population-level lineages. He
briefly argues for different types of gene-level lineages, but he remains silent about other levels
(Ereshefsky, 1992, p. 679). Second, Ereshefsky’s pluralism centers around evolutionary theory.
The idea is that contemporary evolutionary biology suggests species pluralism and thus lineage
pluralism. In this sense, he opposes the lineage monism described in the previous section but still
shares the focus on evolutionary theory.
According to Ereshefsky, evolutionary theory suggests a basic picture of the organic
world. This theory leads us to accept two basic ideas about nature. First, all organisms on this
planet belong to a single genealogical tree. In other words, all organisms on earth descend from a
few common ancestors and thus are genealogically related. Darwin (1859/2009) made this idea
popular, which then became a core view of evolutionary thinking ever since. Attempts to
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reconstruct and represent the genealogical relations motivate biologists to create phylogenetic
trees and the ‘single genealogical tree,’ the so-called tree of life.
The second idea coming from evolutionary theory has to do with the processes of
evolution. According to Ereshefsky, various processes act on the same organisms and shape
evolution and diversity (1992, p. 676). Some of these processes are interbreeding, selection,
common ancestry, developmental canalization, and genetic homeostasis. For example, imagine a
population of polar bears in North Alaska. Organisms of this population will interbreed and
spread their genes throughout the population. At the same time, environmental conditions will
drive the selection of certain genes and phenotypes in that population. The common ancestry of
organisms also influences the genes and phenotypes they will have, as the organisms in the
population might have the same or a distinct ancestor. The result is that, for any given organism
and population, it is highly probable that various evolutionary processes are happening at the
same time and influencing that organism and population.
The combination of the two ideas above suggests lineage pluralism. If all organisms
belong to a single tree, organisms are all genealogically connected. They form a huge, complex
set of interconnected lineages – the tree of life. At this point, one might ask how one should go
about partitioning the tree of life into different lineages. As evolutionary processes act on
organisms, they will establish various relations among the organisms in the tree of life. So,
depending on which evolutionary process one considers, one will partition the tree of life in
different ways (1992, p. 677). The idea is that each process generates a partition, and each
partition is as natural or legitimate as the other.
For example, consider the population of polar bears again. They are genealogically
related and might form a lineage. Still, how should we partition or set the boundaries of this
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lineage? How many lineages are there? While using the interbreeding criterion might lead to
include all members of the population into the same lineage, using the criterion of selection
(environmental) pressure might lead to excluding some members. For example, imagine that a
few polar bears migrate, occupy a new ecological niche, and thus fall under different
environmental conditions. In this case, the population of polar bears does not form a single
ecological unit. So, if one uses the ecological criterion to demarcate lineages, one will end up
with more than one lineage. The partition of polar bears into lineages can be made in different,
incompatible ways.
Ereshefsky’s main claim is that there are different, equally legitimate ways to partition
the tree of life into lineages. Each way of partitioning privileges one of the evolutionary
processes that are acting on organisms. Moreover, each way of partitioning determines a
different type of lineage. So, a single organism belongs legitimately to different lineages at the
same time, each one defined by a main evolutionary process. Hence, classifying organisms into
lineages will generate cross-classification, as the different types of lineages will share some (but
not all) of its organisms.
At this point, someone defending lineage monism might object. One might claim that the
different lineages are of the same type because they are units of evolution. The difference
between lineages concerns the main processes leading evolution, but this difference just
reinforces the monistic view of lineages as the entities that evolve. Ereshefsky has no clear
answer to this criticism. Nevertheless, his pluralism contains elements that allow for a reply to
that criticism. I highlight these elements and expand his argument before considering other
arguments for lineage pluralism.
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As I noted, Ereshefsky’s pluralism centers around evolutionary theory. His starting point
is what contemporary evolutionary biology tells us about the organic world. Nonetheless,
Ereshefsky does not simply rely on the theoretical principles (e.g., the existence of a
genealogical tree) that follow from evolutionary theory. His pluralism also considers how
evolutionary biologists and taxonomists construct and use classifications. According to
Ereshefsky, biologists use inconsistent taxonomies because they are interested in understanding
different aspects of evolution and, hence, focus on different evolutionary processes. Ereshefsky
is not explicit, but he suggests that there are different goals for constructing and using
taxonomies. He argues that classifications rely on certain motivating principles – principles that
justify classifying organisms one way or another (2001, p. 179). So, one might say that biologists
with different research goals rely on different motivating principles and construct different
taxonomies aligned to such aims and principles. These classifications are legitimate because they
track one or a few evolutionary processes that are relevant from the point of view of biological
research.
This discussion about the construction of taxonomies is suggestive. Ereshefsky is
interested in arguing for a version of pluralism that aligns with the theoretical principles of
evolutionary biology, but also that makes the most sense of the taxonomic practices of biologists.
This approach gives us a reason to reject lineage monism. Distinguishing types of lineage is a
way to recognize how biologists work and what they consider to be important when studying
evolution. They work by partitioning lineages based on equally relevant evolutionary processes,
such that these partitions help biologists to achieve relevant goals with their taxonomies. Hence,
to claim that these classifications track different types of lineage rather than a single type is a
way to make sense of biological practice. In other words, when constructing classifications,
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biologists are not focused on the idea that lineages are units of evolution but rather on the idea
that there are equally legitimate ways of partitioning such units. Hence, if one takes this focus as
a basis for metaphysics, one will distinguish different types of lineage. Lineage monism
overlooks these differences and, thus, it is removed from what biologists consider important in
their practices.
This reply to lineage monism allows me to reformulate Ereshefsky’s pluralism into a
straightforward argument. I call this the species argument for lineage pluralism because it is
based on a discussion about species and, thus, it focuses on lineages at the population-level. This
argument begins with a general premise: ontological distinctions among lineages should only be
assumed insofar as they reflect important distinctions for biological theory and practice. I will
discuss this general claim later in the chapter, as this premise also appears in the other arguments
for lineage pluralism. I will postpone this discussion for now. The second premise of the
argument is the recognition that distinguishing the different types of lineage at the populationlevel (e.g., interbreeding, ecological, monophyletic) is justified by the claims and activities of
biologists. These distinctions are justified not only because evolution acts with multiple
evolutionary processes at the same time, but also because biologists have different goals when
constructing taxonomies. In other words, distinguishing types of lineage is warranted by
biological theory and practice. The conclusion of the argument is that there are different types of
lineages at the population-level. Hence, lineage pluralism is correct.
3.2.3 The Open Lineage Argument
Prokaryotes are unicellular organisms that do not contain membrane-bounded nuclei and
organelles. These organisms are receiving increasing attention from biologists and philosophers
(O’Malley, 2010, 2014; Zhaxybayeva & Doolittle, 2011). For example, prokaryotes are useful
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organisms to experiment and test evolutionary hypotheses (Blount et al., 2012; Lenski et al.,
1991; Woods et al., 2011). Moreover, the ways in which evolution occurs in prokaryotes has
consequences for how biologists and philosophers think about lineages and phylogenetic trees
(Boucher & Bapteste, 2009; Doolittle & Brunet, 2016). Prokaryotes inspire another argument for
lineage pluralism, as I show next.
Prokaryotes form lineages by dividing into identical copies and, thus, constantly branching.
These lineages become genetically diverse because of two processes: mutation and lateral gene
transfer (LGT). Mutations create genetic variation in the DNA due to the insertion and deletion
of nucleotides, replication errors, and various other processes (Boucher & Bapteste, 2009). Such
genetic variation is then transmitted from progenitor to offspring within a lineage. By contrast,
LGT does not create genetic variation, but it promotes genetic diversity because it transmits
genetic material between lineages (Zhaxybayeva & Doolittle, 2011). Due to LGT, a prokaryote
lineage will receive new genes coming from prokaryotes of another, separate lineage. This
transmission usually occurs by physical contact between prokaryotic organisms or using a
vector.
According to Yan Boucher and Eric Bapteste (2009), genetic diversity in prokaryotes
produces two types of prokaryotic lineages. Some lineages accumulate more changes due to LGT
than mutation over generations. Most genes within these lineages do not have a common origin
(an ancestor bacterium in past generations of the lineage), and thus the patterns of prokaryote
ancestor-descent do not match the patterns of gene transmission. Most genes that exist within
these lineages came from other lineages and not through the ancestor-descent transmission.
These prokaryotic lineages are called “open lineages” (2009, p. 532). The term ‘open’ captures
the idea that these lineages receive an abundance of material from each other and do not have
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clear boundaries. Given that lineages constantly exchange material, there is no clear separation
between them.
In contrast, some lineages are called “closed lineages” (2009, p. 532). These lineages
accumulate more changes due to mutation than LGT over generations. As a result, most genes
within these lineages have a common origin and result from a genetic transmission going from
ancestor to descent. The patterns of prokaryote ancestor-descent match the patterns of gene
transmission. The term ‘closed’ in “closed lineages” conveys the idea that these lineages have
clear boundaries. These lineages persist and change without receiving significant genetic
material from other lineages, such that the boundaries of each lineage are relatively distinct.
The contrast between open and closed lineages might seem too abstract and difficult to
picture. One reason for this might be that the term ‘lineage’ is often associated with only closed
lineages. In fact, if one considers the previously mentioned characterizations of lineages in this
chapter, such as Hull’s (1980) and de Queiroz’s (1999), one will notice that these are
characterizations of closed lineages. These characterizations treat lineages as ancestor-descent
sequences that are relatively separate from each other. Once lineages bifurcate, they persist and
change independently from each other. Evolutionary changes occur within each lineage, but do
not transit among lineages. As a result, each lineage is a single, reasonably independent unit of
evolution (see section 2.6).
Open lineages defy this view of lineages as separate units of evolution. Evolutionary change
is not necessarily happening in each lineage separately, as mutations accumulate and pass to the
next generations of each lineage. Evolution does not necessarily happen within the boundaries of
each lineage. Instead, open lineage exchange genes constantly and directly influence the
evolutionary change of each other. They are too interconnected to evolve independently.

83
Consequently, if one wants to track how evolution is happening in open lineages, it is not enough
to track how mutations accumulate and separately pass to the next generations of each lineage.
Mutations spread throughout the set of interconnected lineages, which are interdependent units
of evolution.
The distinction between closed and open lineages explains features of evolution. For
example, empirical studies show how open and closed lineages have very distinct ways of
evolving through time (Andam & Gogarten, 2011). LGT allows genes to move in and out of
open lineages through time and this movement favors highly dynamic genomes and rapid
evolutionary changes (Doolittle & Brunet, 2016). Prokaryotes forming open lineages tend to
adapt faster to different environments because they tend to have a high genetic diversity.
Additionally, the genes carried by open lineages tend to react positively to many new genes
entering these lineages. Due to the constant influx of new genes into lineages, one might be
concerned that these genes will destabilize or act against the genes that already exist. This action
could lead to prokaryotic phenotypes that are selectively disadvantageous. For this reason, there
is a selection pressure for genes in open lineages to react positively to various genes. Thus, genes
within open lineages tend to be more tolerant to new genes than the genes within closed lineages.
Genes within closed lineages tend to interact with a narrow set of other genes. This is because
closed lineages have clear boundaries and thus constrain the ways in which genes can move; as a
result, they tend to disfavor dynamic genomic and fast evolutionary changes.
The distinction between open and closed lineages was originally applied to prokaryotes;
however, it can be very useful when applied to eukaryotes. One the one hand, the majority – if
not all – of eukaryotic lineages are closed ones because mutations are more important than LGT.
This fact explains why eukaryotic lineages mainly display the evolutionary pattern of successive
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bifurcations. Closed lineages tend to remain independent from each other after branching, such
that the evolution of these lineages look like a branching tree. On the other hand, many
prokaryotic lineages generate complex evolutionary patterns because they are open lineages
(Doolittle & Bapteste, 2007). These lineages do not just bifurcate but keep exchanging genetic
material after that, such that their evolution is not independent. So, the pattern of these lineages
resembles more a network than a branching tree. In summary, there is a clear difference in the
evolutionary patterns of closed and open lineages. This difference maps reasonably well with the
distinction between eukaryotes and prokaryotes. Eukaryotes form closed lineages, while
prokaryotes do not. This explains why representations of prokaryote lineages tend to be much
more complex than the branching trees of eukaryote lineages.
Boucher and Bapteste (2009) claim that current phylogenetic methods are limited in
representing evolutionary history because they do incorporate the distinction between open and
closed lineages. More specifically, such methods do not allow for the representation of open
lineages in traditional phylogenetic trees, which tend to misrepresent open lineages as closed
(2009, p. 533). Phylogenetic methods start with a matrix of characters, i.e., with a set of traits
that will help biologists to determine how closely related are different lineages. For any matrix of
characters, the assumption is that the number of homologies (i.e., characters that signal a
common origin between lineages) must exceed the number of homoplasies (i.e., characters that
do not indicate a common origin). In other words, it is assumed that most traits in the matrix are
evidence of recent common ancestry among lineages (Sober, 1991). Based on this assumption,
phylogeneticists will consider how many traits are shared by lineages as evidence of how these
lineages are closely related.
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However, this methodological assumption is at odds with the nature of open lineages. For
any matrix of characters of open lineages, one should expect more homoplasies than homologies.
This is because LGT produces homoplasies, and open lineages are characterized by rampant
LGT. Hence, most of the traits shared by open lineages are not evidence that they have a recent
common ancestor. The consequence is that phylogenetics has an elevated risk of incorrectly
understanding evolutionary relationships among prokaryotes (Boucher & Bapteste, 2009, p.
533). Due to that methodological assumption, phylogenetic methods tend to treat shared traits
among prokaryote lineages as homologies and, as a result, they might often produce the wrong
classification of these lineages. In summary, phylogenetics is biased towards closed lineages, and
thus it is prone to making errors when it comes to representing the evolutionary history of many
prokaryotes.
These considerations ground my second argument for lineage pluralism. I call this argument
The Open Lineage Argument for Lineage Pluralism. As we have seen, open and closed lineages
differ in many respects and these respects are of importance to biological theory and practice.
Remember that open and closed lineages are associated with distinct sources of genetic diversity,
distinct characterizations of units of evolution, and distinct patterns of evolution. Additionally, if
biologists distinguish between open and closed lineages, they can recognize and explain the
limitations of the phylogenetic method, and why this method tends to work better for eukaryotes
(closed lineages) than prokaryotes (many of which form open lineages). Hence, the first premise
of my argument claims that the distinction between open and closed lineages is relevant for
biological theory and practice, especially evolutionary theory and phylogenetics. The argument
continues with the general claim that ontological distinctions among lineages should only be
assumed insofar as they reflect important distinctions for biological theory and practice. Since
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the distinction between open and closed lineages is important for biology, open and closed
lineages are distinct types of lineages. Therefore, lineage pluralism is correct.
This argument for lineage pluralism is similar in several respects to the argument presented
in the last section (3.2.2). First, both arguments center around how evolutionary theory
characterizes lineages and their consequences for classificatory practices. The argument in the
last section focuses on how different processes generate different types of lineage. These
processes or forces are interbreeding, ancestry, ecological pressure, among others. The argument
of this section has a similar focus. It argues that mutation and LGT processes generate different
types of lineage. Second, both arguments concern population-level lineages. The argument
presented in the last section shows that the very same organisms might belong to different
population lineages. The argument in this section indicates that prokaryote organisms might form
either open or closed lineages, while eukaryote organisms usually just form the latter. Finally,
both arguments treat lineages as units of evolution. They conclude that there are different types
of such units.
In the next section, I present an argument that still centers around evolutionary theory and
classification. This argument concerns lineages at different levels of biological organization.
3.2.4 The Discordant Lineage Argument
Biologists study lineages at various hierarchical levels, such as gene lineages, organism
lineages, and species lineages. Biologists also explore how these lineages relate to one another
and produce complex multi-level patterns (Maddison, 1997; Degnan & Rosenberg, 2009; 2006).
The idea of a biological hierarchy of levels assumes that genes are nested in cells, which are
nested in organisms, which are nested in species, and so on. The consequence is that gene
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lineages are nested in cell lineages, which are nested in organism lineages, and so on (Haber,
2012).
The nesting relationships among lineages ground the practice of phylogenetic reconstruction.
These relationships suggest that lineages at various hierarchical levels will run in tandem or
mirror one another to a certain extent. Organisms in a lineage will contain genes that derive from
the ancestor organism in that same lineage. This means that gene and organism lineages should
each have parallel histories and, as a result, genes can be used as data to reconstruct the organism
lineages. In other words, ancestor-descent relationships at lower-levels give information about
ancestor-descent relationships at higher-levels. So, genes and organisms can be used to
reconstruct higher-level lineages, such as species lineages.
However, lineages at various levels often do not run in tandem (Avise & Robinson, 2008;
Degnan & Rosenberg, 2006, 2009). Many lineages at lower-levels do not mirror lineages at
higher-levels. When this happens, lower-level lineages will be discordant. Discordance is the
phenomenon of nested lineages, such that lower-level lineages give conflicting information about
the history of a higher-level lineage. Consider the discordance between genes lineages when one
aims to reconstruct species lineages. This discordance happens when some genealogical
sequence of genes is not parallel to the genealogical sequence of species, which contains those
genes (Maddison, 1997). While some gene lineages will give the correct information about
species, other gene lineages will not. As a result of this, discordance poses a challenge for
phylogenetic reconstruction because it complicates the inference from genes to species lineages.
Since the genealogy of genes does not always give the correct information about species, the
inference from genes to species requires a careful analysis of which gene lineages count as
evidence for species lineages.
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Discordance is a central topic in phylogenetics (Haber, 2012, 2019). The more studies are
conducted, the more we learn about the prevalence of discordance among lineages. Discordance
complicates phylogenetic inference, and biologists have developed new methods to address the
issue (Maddison & Knowles, 2006; Yu et al. 2011; Degnan & Rosenberg, 2009). Biologists want
to understand and measure the causes of discordance, and they want to improve their inferential
methods to generate reliable reconstructions of species lineages. By pursuing these goals,
biologists implicitly discuss key differences among lineages existing at different levels.
For example, ‘gene lineage’ usually refers to sequences of (homologous) copies of a DNA
segment. Although a gene lineage branches continuously, it becomes a new gene lineage only
when its copied gene (DNA segment) begins coding for a different allele (see section 2.4). This
change occurs by either mutation or recombination of the DNA. Mutations are permanent
alterations in the DNA due to various biochemical processes, while recombination is a process in
which different DNA segments exchange parts. Because mutation and recombination occur
regularly, new gene lineages also arise constantly. Gene lineages persist, change, and branch as
cells divide and organisms reproduce. Still, gene lineages frequently go extinct by the failure of
organisms to reproduce or by the relevant allele not being passed on to offspring. This extinction
of gene lineages over time is called lineage sorting (Baum & Smith, 2013, p. 143). This lineage
sorting is inevitable and it compensates for the rise of new gene lineages due to mutation and
recombination.
A central cause of discordance is incomplete lineage sorting. Incomplete lineage sorting
occurs when gene variation persists within a species lineage after its branching (Baum & Smith,
2013, p. 149). In other words, gene lineages split prior to or after the branching of a species, such
that two or more gene lineages persist within a species lineage. For example, in the figure below,
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there are three species: A, B, and C (fig. 12). Each species has a distinctive gene lineage
(represented as the thin lines). Gene lineages do not split at the same time as the species lineage.
First, a species lineage split leading to species A/B and species C. Second, the lineages A/B
splits into species A and species B. Nonetheless, gene lineages split in a different order. First, a
gene lineage split leading to gene lineage A and gene lineage B/C. Second, this gene lineage split
into gene lineage B and C.

Figure 12. Incomplete Lineage Sorting. Gene lineages split prior to the species
lineage. Source: Haber (2019)

Incomplete lineage sorting depends on the idea that gene lineages and species can branch at
different times. Among other things, this possibility results from gene lineages and species
having different persistence conditions. There are diverse conditions determining when such
lineages remain the same and when they bifurcate. In this sense, the biological phenomenon of
incomplete lineage sorting depends on the idea that those lineages have different persistence
conditions. Let me explain this point.
A gene lineage only persists if it copies the same DNA segment and it branches when a
mutation or recombination occurs. Hence, the persistence of a gene lineage depends on the
fidelity of gene replication and events that might disrupt this fidelity. Genes belong to the same
gene lineage if they are copies of the same allele (see section 2.4). In contrast, a species is an
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ancestor-descent sequence of populations. The persistence of a species depends on the organisms
reproducing and forming different generations. Persistence might also depend on ecological
factors, selection, and so on. Importantly, this persistence does not depend on gene replication
fidelity, i.e., on the similarity among DNA copies. Persistence also does not depend on the
similarity among organisms and populations that form species-level lineages. Hence, the
persistence of species and gene lineages is different.
Part of what explains incomplete lineage sorting and discordance is that the persistence
conditions of gene lineages and species are different. Incomplete lineage sorting occurs because
the persistence of these lineages is independent of each other. This difference and its role in
biological explanation motivate an argument for lineage pluralism. I call this argument the
Discordant Lineage Argument for Pluralism. Remember, lineages exist at various levels of
biological organization, and lineages at different levels are often discordant from one another. In
particular, gene lineages and species (population-level lineages) are discordant. The argument
begins with the following claim: to explain discordance and some of its causes (e.g., incomplete
lineage sorting), one has to notice differences among lineages at different levels, such as the
difference in persistence conditions. Gene lineages and species persist in different and
independent ways, and, for this reason, they can split at different times. Discordance is only
possible because of this difference in splitting and, thus, persistence conditions. This argument
continues with the claim that ontological distinctions among lineages should only be assumed
insofar as they reflect important distinctions for biological theory and practice. Since the
distinction between persistence conditions in gene and species lineages is central to the
conceptualization and explanation of discordance, gene and species lineages are two distinct
types of lineages. Thus, lineage pluralism is correct.
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It is important to note that this argument for lineage pluralism is distinct from the previous
ones. This argument states that entities at different organization levels, genes and species, form
different types of lineage. This difference is implicit when biologists investigate complex, multilevel phenomena such as discordance. By comparison, the previous arguments only focused on
the level of populations and their organisms. Now I turn to my last argument for lineage
pluralism.
3.2.5 The Developmental Lineage Argument
So far, I discussed the nature of lineages by focusing on evolutionary theory and its
consequence to classificatory practices such as phylogenetics. This evolutionary and taxonomic
context provides a basis for how many biologists and philosophers characterize biological
lineages. I focused on evolution and classification because characterizations of lineages often
relate to discussions about species, as illustrated early in this chapter. Nevertheless, the concept
of lineage is not limited to these discussions. For example, historical evidence shows that
lineages play an important role in developmental biology since the 19th century (Dröscher, 2014).
This developmental characterization of lineages differs from the evolutionary one (see section
2.2). I will explore this difference below.
Developmental biology investigates the processes and phases that organisms undergo from
birth to maturity (Slack, 2012). In this context, biologists are particularly interested in lineages at
the cellular level, and they use them to analyze cellular processes and phases of the
embryological development. This analysis relies on the practice of cell lineage tracing, which
consists of keeping track of sequences of cell divisions (Kretzschmar & Watt, 2012). Biologists
employ biomarkers and other techniques to trace every cell division that shares a common
cellular ancestor (see section 2.8).
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To better understand the role of cell lineage tracing in developmental biology, consider the
following example. Cell lineage tracing is frequently used to describe the history of cellular
changes from an undifferentiated cell (i.e., a stem cell) to a set of specialized descendant cells in
the mature organism. This is the case when biologists track the origin of adult epidermal cells in
mammalian organisms (Jensen et al., 2010). Epidermal cells are unable to divide and are
continuously lost during adult life. For this reason, they are repeatedly produced by stem cells.
Cell lineage tracing helps biologists understand which groups of stem cells give rise to epidermal
cell layers. It helps them understand the properties of particular groups of stem cells, such as
their potentiality—the capacity for specialization. Therefore, cell lineage tracing is not simply a
way to map cell divisions, but rather a way to study features of stem cells and how they
determine development.
Contrast these experiments of cell lineage tracing with the so-called long-term evolutionary
experiment (LTEE) conducted by Richard Lenski at Michigan State University. As I described in
the previous chapter of this dissertation, Lenski and collaborators have been tracking the
evolution of twelve initially identical lineages of Escherichia coli bacteria (Lenski et al., 1991,
see section 2.10). A series of studies have been published that explore various aspects of the
evolution and ecology of each of these lineages. For example, a popular study concerns the
capacity of such lineages to exploit the citrate in their environment (Blount et al., 2012).
Scientists noticed that a single lineage evolved this capacity after 31,500 generations. To
understand why this capacity evolved in only one lineage (hereafter, Ara +3) after so many
generations, Lenski and collaborators investigated samples of that Ara+3 collected when at
previous generations. Their aim was to investigate two hypotheses: (i) the capacity to exploit
citrate evolved from an extremely rare mutation; and (ii) this capacity evolved from a common

93
mutation, but one whose phenotypic expression depends on prior mutations within the lineage.
After letting those samples of Ara+3 evolve again, scientists concluded for the second
hypothesis. This conclusion is significant because it shows that adaptations (e.g., the capacity to
exploit citrate) are contingent on the specific historical sequence of prior changes within a
lineage. Adaptative evolution is path-dependent (Desjardins, 2011).
These experiments illustrate how scientists use bacterial lineages to investigate evolution. As
the study involving citrate shows, lineages are taken as entities that evolve due to random
mutations and other factors. To understand some features of evolution, such as contingency and
adaptations, one should track lineages and investigate how evolutionary changes accumulate
over different generations. These changes might occur in a specific sequence, such that they lead
to a new or significant change later.
The contrast between the practice of cell lineage tracing and LTEE is important. Cell lineage
tracing reveals a specific role for lineages in the study of development (Stent, 1985, 1998). These
lineages trace the cellular origin and development of tissues, organs, and so on. Cell lineages
manifest the properties of the stem cells that initiate development (Fagan, 2013, 2017). In other
words, lineages reveal how developmental processes unfold throughout generations of cells. This
role differs from how lineages are depicted by evolutionary biology as units of evolution. In the
evolutionary context, the function of these lineages is to track changes resulting from random
mutation, selection, and other evolutionary processes. This role is explicit in LTEE. Lenski and
collaborators track cellular (bacterial) lineages to track how evolution occurs and to study its
different processes and outcomes. In contrast, developmental biologists treat cell lineages as
entities that follow certain predictable and robust sequences of changes leading to specialized
adult cells. When developmental biologists track cell lineages, they are not keeping track of the
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order of random mutations and adaptations to the environment. Rather, they monitor how cells
become more specialized and how this specialization is orchestrated by the genome and other
mechanisms internal to cells.
Cell lineage tracing and LTEE involve lineages at the cellular level. Cell lineage tracing
concerns the proliferation of cell lineages in animal development, while LTEE concerns the
proliferation of cell lineages of bacterial species in controlled environments. Cell lineages play
distinct roles in separate research contexts. Nonetheless, certain research contexts require
conceiving lineages both as units of evolution and units of development. Cancer research is such
a context.
In the last few decades, cancer progression is increasingly understood as an evolutionary
process (Germain & Laplane, 2017; Lean & Plutynski, 2016; Navin et al., 2011). Cancer is a
process involving variation, replication, and natural selection within the body of an organism
(see section 2.9). For this reason, the study of cancer involves investigating how these processes
occur between cells. As in the LTEE experiments, oncologists might trace lineages of
carcinogenic cells and explore how the environment favors their selection. At the same time,
developmental biologists might use cell lineage tracing to identify the lineages of cells leading to
the formation of a specific organ or tissue. These two lineages might overlap because cells
carrying carcinogenic mutations can still contribute to development. As Breivik et al. (2001)
indicate, carcinogenic cells might co-opt developmental pathways usually executed by normal
cell lineages (p. 5379). The result is that cell lineages evolving cancer might overlap with those
executing developmental processes. Nevertheless, they have different characteristics: while the
cell lineages in evolution manifest stochastic processes of mutation and evolve by natural
selection, cell lineages in development manifest properties of predictable and robust sequences
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of changes leading to specialized adult cells. Depending on which type of process we are
interested in (evolution or development), cell lineages might have different properties and cell
members. These lineages might overlap but are not necessarily co-extensive.
This comparison between cell lineages in development and cell lineages in evolution is far
from exhaustive. Nevertheless, it is enough to offer another argument in favor of lineage
pluralism. I call this argument The Developmental Lineages Argument for Pluralism.
Developmental lineages are sequences that track development, whereas lineages in evolutionary
biology are units of evolution. This difference is important for both theory and practice in
biology. For example, because evolutionists are interested in units of evolution, they rarely focus
on somatic cell lineages. By comparison, developmental biologists focus on somatic cell lineages
because development occurs in these cells. The difference between developmental lineages and
lineages as units of evolution also explains why developmental biologists, when conducting cell
lineage tracing, are not particularly interested in random mutations and contingent environmental
changes. These factors are important when understanding how lineages evolve but are not central
to the understanding of how cell lineages contribute to development. The discrimination between
lineages in evolution and development is implicit when studying cancer and other phenomena
that involve both types of lineage.
Given these important differences between lineages, the argument infers that developmental
lineages are a type of lineage distinct from units of evolution. Again, a central premise of the
argument is that ontological distinctions among lineages should only be assumed insofar as they
reflect important distinctions for biological theory and practice. Since the distinction between
developmental lineages and lineages as units of evolution is important, I conclude that these are
two different types of lineage. Therefore, lineage pluralism is correct.
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At this point, I must clarify one potential misunderstanding with this argument. I articulated
this argument by using examples in cellular biology. However, the distinction between
developmental lineages and lineages as units of evolution does not only apply to cell lineages. At
least in principle, this distinction can occur at other levels of biological organization. Whether a
lineage is a developmental or evolutionary one, this fact depends on the set of processes (i.e.,
evolutionary versus developmental ones) that are under consideration. As with other previous
arguments, different processes determine different types of lineage.
3.3 Qualifying Lineage Pluralism
After presenting the arguments for lineage pluralism, I now identify the version of lineage
pluralism that these arguments instantiate. To do so, I compare these arguments to the versions
of species pluralism discussed in the beginning of this chapter. This comparison allows me to
evaluate the extent to which my defense of lineage pluralism, based on those arguments, can be
considered a radical or moderate kind of pluralism in the philosophy of science. Finally, I
anticipate and reply to some criticisms of my view.
3.3.1 Comparing Species and Lineage Pluralism
The four arguments for lineage pluralism have various similarities and dissimilarities.
Some of them resemble arguments for species pluralism, while others do not. Most notably,
many of these arguments share features of Marc Ereshefsky’s version of species pluralism.
According to this kind of pluralism, various evolutionary processes act on organisms at the same
time and determine equally legitimate ways to group these organisms into lineages. Different
processes determine different types of lineage.
The species argument for lineage pluralism (3.2.2) is an expansion of Ereshefsky’s
version of species pluralism. This argument assumes that the same organisms are involved in
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different evolutionary processes, such as interbreeding, environmental pressure, and ancestry. As
a result, organisms can form interbreeding units, ecological units, and monophyletic units. The
distinction among these units (and respective processes) is important to the practice of
constructing classifications. These units group organisms in ways that are suitable for different
goals and activities in biology. Hence, if one takes scientific aims and practices as a guide to
metaphysical claims about lineages, one should conclude that interbreeding, ecological, and
monophyletic units are distinct types of lineage.
As an expansion of Ereshefsky’s view, this argument falls into his version of pluralism.
First, this pluralism centers around evolutionary theory and its consequence to the classificatory
practice. The idea is that evolution suggests species and lineage pluralism. Second, each type of
species and lineage relates to a different evolutionary process. Third, this pluralism entails crossclassification. One can legitimately classify the same organisms in different ways because
different processes act on these organisms at the same time.
The open lineage argument for lineage pluralism (3.2.3) adopts most features of
Ereshefsky’s pluralism. According to this argument, there are two main processes of genetic
diversity and they produce two different types of prokaryote lineage. Mutation contributes to
closed lineages, while LGT leads to open ones. As with Ereshefsky’s pluralism, the open lineage
argument centers around evolutionary theory and its consequence to classification. The idea is
that the evolution of lineage takes two different forms depending on which of those processes is
more prevalent.
The open lineage argument is ambiguous regarding cross-classification, and this point is
a slight departure from Ereshefsky. On the one hand, the same prokaryote organisms can belong
to both open and closed lineages. Depending on the number of generations, a lineage will be an
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open or closed one. As a result, the same organism can belong to both types of lineages at the
same time (Boucher & Bapteste, 2009, p. 533). Hence, cross-classification applies to prokaryote
organisms. On the other hand, the open lineage argument does not entail the cross-classification
of eukaryote organisms. These organisms mostly (if not always) form closed lineages and, thus,
cannot belong to both open and closed sequences at the same time.
It is important to highlight a similarity between the species argument and the open
lineage argument. Both arguments distinguish types of lineages according to processes that are
relevant to evolutionary theory. In this sense, these arguments explore distinctions among
lineages as units of evolution. Interbreeding, ecology, monophyly, mutation, and LGT influence
the way in which lineages accumulate evolutionary changes over time. Hence, these arguments
concur that, even though lineages are units of evolution, they are different units of evolution.
These arguments challenge the monistic view according to which lineages are a single type of
entity because they are units of evolution (section 3.2.1). These arguments show that different
types of lineages are different units of evolution.
The discordant lineage argument for lineage pluralism (3.2.4) differs considerably from
the two previous arguments and Ereshefsky’s version of pluralism. The discordant lineage
argument claims that lineages at different levels of biological organization are different types of
lineage when they have different persistence conditions. While this argument centers around
evolutionary theory and classification, it does not rely on different evolutionary processes. The
argument relies on the notion of lineage persistence, namely on what counts for a lineage to be
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numerically the same lineage.21 Furthermore, the argument does not entail cross-classification
because it discusses lineages formed by different entities.
The discordant lineage argument for lineage pluralism does not fall under Ereshefsky’s
version of pluralism, but it resembles the pluralism advocated by Mishler and Brandon (1987).
These authors claimed that species vary in their defining features, but there is still a single
correct way to group organisms into them. As a result, they defend a pluralism without crossclassification. Likewise, the discordant lineage argument concludes that lineages vary in
persistence conditions, but does not commit to cross-classification. As I will discuss in the next
section, the lack of cross-classification might raise an objection to pluralism.
The developmental lineage argument for lineage pluralism (3.2.5) is the final argument
for pluralism in this chapter. This argument is both similar and dissimilar to Ereshefsky’s
pluralism. This argument entails cross-classification and shares a general assumption with
Ereshefsky: various biological processes act on the same entities at the same time, such that there
are legitimate ways to classify these entities. The difference between the developmental lineage
argument and Ereshefsky’s view relates to what processes one is talking about. Ereshefsky
focuses only on evolutionary processes, while my argument considers evolutionary and
developmental processes. For this reason, the developmental lineage argument does not center
around evolutionary theory and its consequence to classification. This fact makes the argument
distinct from Ereshefsky’s view and all the previous arguments for lineage pluralism.

21

One might argue that lineages have different persistence conditions because they rely on different processes. For
example, gene lineages depend on gene replication, while species lineages depend on organism reproduction and
speciation. In this sense, the metaphysical distinction between gene and species lineage is based on a distinction
between processes rather than persistence conditions per se. This line of argument is appealing, but I am not
convinced by it. At least in principle, persistence conditions (numerical identity criteria) are multiply realizable.
Different processes can instantiate the same conditions. Hence, different persistence conditions do not necessarily
rely on different processes.
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Instead, the developmental lineage argument resembles Phillip Kitcher’s version of
pluralism. Kitcher (1984) claims that species do not have to be lineages. He argues that
evolutionary theory should not have the privilege of determining the nature of species. In other
words, Kitcher accepts that there are many equally legitimate ways to classify species even
outside the scope of evolution. Similarly, the developmental lineage argument concludes that
there are legitimate ways to classify lineages in developmental biology.
Do any of the arguments for lineage pluralism resemble Dupre’s kind of species
pluralism? Yes and no. Dupre argues that species cross-classify. Aside from the discordant
lineage argument, all the arguments for lineage pluralism indicate that lineages cross-classify as
well. However, Dupre also argues that non-scientific classifications of species are legitimate.
None of my four arguments for lineage pluralism maintains something similar. My arguments
concern the existence of different types of lineage in the scientific field of biology. Three
arguments vindicate the existence of different types of lineages within evolutionary biology and
taxonomy. The fourth argument concludes that evolutionary and developmental biology have
different types of lineage. Hence, I do not claim that there are legitimate classifications of
lineages outside biology.
3.3.2 What Kind of Lineage Pluralism is this?
The comparison between species pluralism and lineage pluralism might seem puzzling.
Different arguments for lineage pluralism resemble different versions of species pluralism. They
agree on various features with Ereshefsky’s pluralism, but they also depart from it in various
ways. At this point, one might ask whether my arguments for lineage pluralism create a single,
coherent version of pluralism in the philosophy of science. I address this concern before
considering some criticisms of my approach.
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Lineages that exist at the same and different levels are related to various biological
processes. The four arguments for lineage pluralism highlight these differences in levels and
processes. The kind of pluralism defended in this chapter proposes that differences in level and
processes justify ontological distinctions among lineages. First, lineages at various levels might
have different persistence conditions and, thus, be different types of lineages. This conclusion is
true, at least for the case of species and gene lineages. Second, lineages at the same level might
relate to different biological processes and, thus, be different types of lineages. This conclusion
is true, at least at the level of organisms (and their populations) and cells. At the level of
organisms, prokaryotes can form open and closed lineages. Eukaryotes likely form only closed
lineages. Still, they can form different types of lineages as either ecological units, monophyletic
units, or interbreeding units. At the level of cells, evolutionary and developmental processes
produce different types of cell lineages.
In summary, I defend a lineage pluralism based on distinctions of levels and processes.
This pluralism is more radical than Mishler and Brandon’s (1987) pluralism. These authors
assume a moderate kind of pluralism because there is a single, adequate way to classify
organisms into species. My arguments show that there are multiple, adequate ways to classify the
same organisms (and cells) into lineages. In this sense, my pluralism follows the type of radical
pluralism of Ereshefsky and also Kellert et al. (2006). Evolution is too complex to allow for a
single, adequate classification of lineages. There is no single way to classify lineages without the
loss of content. Yet, my pluralism is more radical than the one proposed by Ereshefsky because I
make a distinction between evolutionary and developmental lineages. I contend that biology
(rather than just evolutionary biology) is too complex to allow for a single adequate classification
of lineages.

102
It is hard to pin-point whether my lineage pluralism is more or less radical than Kitcher
(1984), but my pluralism is certainly less radical than the views of John Dupré. Kitcher accepts
any classification of species legitimized by theoretical biology, so he would accept any
classification of lineages legitimized in this field. Kitcher’s pluralism might be more or less
radical than mine depending on how one characterizes ‘theoretical biology.’ My lineage
pluralism claims that lineages are either units related to evolution (e.g., by interbreeding,
ecology, monophyly, mutation, LGT, and so on) or related to development. It is not clear
whether Kitcher’s pluralism would be more liberal than that. Finally, my pluralism is not as
radical as the one proposed by John Dupre. As I mentioned before, my arguments do not accept
non-scientific classifications of lineages.
3.3.3 Reply to Critics
The four arguments for lineage pluralism share two basic features. First, they are arguments
for metaphysical, rather than epistemological, pluralism. The conclusion of these arguments is
about the world, rather than about the limits of human knowledge. Second, the arguments share
the premise that ontological distinctions among lineages are only justified if they reflect
important distinctions for biological theory and practice. Biologists rely on important distinctions
when constructing classifications, studying the processes of genetic diversity, developing
methodologies to track biological processes, and so on. I propose that these distinctions reveal
how biologists are committed to lineage pluralism.
I have shown that biologists: (i) distinguish between lineages as units of interbreeding,
ecology, and monophyly; (ii) distinguish between open and closed lineages; (iii) attribute
different persistence conditions to gene and species lineages; and (iv) treat developmental
lineages separately from lineages as units of evolution. Given the importance of these
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distinctions to biological theory and practice, biologists are ontologically committed to them, and
thus, to lineage pluralism.
The first criticism one might raise against my view is to claim that the distinctions (i)-(iv) are
not important to the theory and practice of biologists. However, I disagree. When exploring each
of the arguments for pluralism, I highlighted how those distinctions matter to evolution, methods
of classification, the characterization of biological phenomena such as genealogical discordance,
and the capacity to track cancer correctly. Those distinctions also guide experiments with
bacteria, allow biologists to identify limitations in classification, and understand why
prokaryotes and eukaryotes have such distinct evolutionary patterns, among many other things.
In summary, the distinctions made in each argument are important enough to be deemed
ontological distinctions that reflect biological practice.
The second criticism of my view claims that lineages form a single type of entity: sequences
of entities in an ancestor-descent relationship. The point of this criticism is to suggest that
lineages can vary in levels and processes, but that there is still some commonality among them.
In this sense, this criticism presumes that lineages are multiply realizable patterns. Lineages are
formed by different processes and at different levels, but these processes and levels are only
different means that accomplish the same common pattern. Hence, there are different ways to
realize one and the same type of entity.
However, this criticism is not very convincing. It is not wrong to claim that different
processes and levels realize patterns of ancestor-descent relationship. However, this monistic,
general characterization of lineages ignores important distinctions that are found in both
biological theory and practice. For example, the distinction between open and closed lineages is
biologically relevant and explains facts about the patterns of evolution, adaptation, and the
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limitations of classification in phylogenetics. This distinction indicates that methods of
classification are biased in an important way. This distinction also demonstrates why the
evolutionary patterns of eukaryotes and prokaryotes are so different. If we adopt a monistic
notion of lineage, we run the risk of overlooking those salient differences (Boucher and Bapteste
2009). The price of adopting a monistic view of lineages is that it allows the metaphysics of
lineage to stray from biological theory and practice.
I close this section with a third criticism against my view. One might claim that the central
motivation for pluralism is the idea that biologists legitimately classify the same organisms into
different groups. Biologists produce cross-classifications and this practice inspires the adoption
of pluralism. The problem is that at least one of my arguments for lineage pluralism is unrelated
to cross-classification. The discordant argument for lineage pluralism proposes that gene and
species lineages are distinct types of lineages (3.2.4). As these lineages contain different entities
(genes and species), there is no cross-classification. Hence, one might conclude that the
argument does not defend any philosophically interesting type of pluralism.
This criticism is based on a weak assumption. The assumption is that cross-classification is a
necessary motivation for a philosophically interesting pluralism. It is not clear that this
assumption is true for species pluralism and it is even less clear that it is true for lineage
pluralism. The discordant argument for lineage pluralism claims that gene and species lineage
have different persistence conditions and, thus, form different types of lineage. Why is it
important to take gene and species lineage as different types of lineage, if this distinction is not
justifying the cross-classification of lineages? This is because biologists are prone to mistakes
when they use gene lineages to reconstruct species lineages. If biologists do not acknowledge the
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difference in persistence conditions, they might fail to identify discordance. Therefore, they
might reconstruct species lineages using the wrong gene lineages.
In summary, the discordant argument for lineage pluralism has a two-fold motivation. First,
the motivation is to explain why a certain biological phenomenon might occur. Genealogical
discordance relies on lineages at different levels having different patterns. What explains this
difference, at least in part, is the persistence conditions of gene and species lineage. Second, the
motivation of that argument is to prevent mistakes in the reconstruction of species lineages. By
highlighting the difference between gene and species lineages, one will be less prone to use the
wrong gene lineages to reconstruct species lineages. Hence, the discordant argument is wellmotivated, despite not justifying cross-classification.
3.4 Conclusion of the Chapter
In this chapter, I argued for lineage pluralism using four arguments. My starting point
was the discussion about the nature of species. I relied on this discussion because it offers
different versions of pluralism in classification. I used these versions as scaffolding for
determining the type of lineage pluralism that I am advocating.
Ereshefsky’s view on species pluralism supports my first argument for lineage pluralism.
This argument concludes that organisms form different types of lineage depending on the
evolutionary processes that act on them. Some lineages are interbreeding units, while others are
ecological or monophyletic units. These are three different units of evolution. In addition to
them, my second argument for lineage pluralism made a distinction between open and closed
lineages. Each type of lineage is a different unit of evolution relying primarily on either
mutations or LGT. The third argument also treats lineages in an evolutionary context, but it
distinguishes between two levels: species and gene lineages. Finally, the fourth argument
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suggests that not every lineage is a unit of evolution. Some lineages are units of development
instead.
These arguments inspire a lineage pluralism based on levels and processes. This
pluralism claims that distinctions among levels (e.g., gene, cells, and organisms) and processes
(e.g., interbreeding, mutation, LGT, and so on) are often relevant enough to biologists that they
are ontological distinctions. If ontological distinctions should be based on the best practices of
science, then lineage pluralism is the correct metaphysical view. Now I turn to a possible
consequence of this view.

107

4. From Lineages to Scientific Integration

Lineage pluralism encourages discussions about the very concept of biological lineage.
Assuming that there are many types of lineage, why should we keep using a single, general
concept of lineage? Why not replace this concept for various, more specific notions that capture
the difference between types of lineage? In other words, if one accepts lineage pluralism, one
might be tempted to eliminate the general concept of lineage.
Lineage pluralism aside, there are other motivations for eliminating this concept. As my
historical overview chapter has shown, biologists use the concept of lineage in diverse contexts
for different purposes. Biologists rarely define this concept and, when they do, their definitions
are notoriously broad. Kevin de Queiroz defines lineages as “a series of entities forming a single
line of direct ancestry and descent” (1999, p. 50). This definition can apply to many types of
entities and generate conflicting classifications of the same sets of entities. For instance, a
lineage can be a sequence containing a single ancestor and all of its descendants, or a sequence
containing a single ancestor and only some of its descendants (Boucher & Bapteste, 2009; De
Queiroz, 1998).
Such variations in meaning might create problems. The concept of biological lineage is
so broad that, one might think, it could lead to miscommunication among scientists. Biologists
might talk past each other and even produce inferential mistakes when developing theories and
interpreting results. So, it is tempting to eliminate a general, overall concept of lineage.
Biologists might adopt different terms when referring to distinct types of lineage, so as to assure
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precision in their concepts. This precision might have beneficial effects for biological practice, as
scientists can avoid the potential problems listed above.
In the past, similar objections were raised against the category of species (Ereshefsky,
1992, 2001). According to Marc Ereshefsky (1992), the concept of species is ambiguous because
it refers to different types of species (p. 688). Removing this ambiguity from scientific discourse
would be beneficial to science and replacing the term ‘species’ for more specific ones would be
advisable. Similar discussions about the polysemy and elimination concern the concepts of gene
and evolutionary novelty, among others (Brigandt & Love, 2012; Kitcher, 1992).
A recent trend in the philosophy of science offers a new way to move forward with these
discussions. For decades, philosophers have investigated the meaning and reference of scientific
concepts. This inquiry was often focused on how concepts relate to theories and unobservable
entities (Carnap, 1950; Kuhn, 2012; Quine, 1951; Van Fraassen, 1980). More recently,
philosophers of science started to pay close attention to how, and for what purposes, scientists
use concepts in various activities. For instance, concepts help scientists to distinguish types of
experiments, patterns of scientific reasoning, and to organize interdisciplinary research (Feest &
Steinle, 2012; Nersessian, 2008; Waters, 2014). Philosophers want to understand the specific role
that concepts play in these activities.
This type of investigation helps philosophers to evaluate the importance of general
concepts in science, such as the concepts of biological lineage, species, molecular gene, and
evolutionary novelty. These concepts might play important, but overlooked, roles in scientific
practice. Hence, they might be more beneficial to science than one might think. While those
concepts seem limited or even harmful to science, this view might be incorrect if one considers
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how such concepts facilitate biological practice. This consideration might reveal that
eliminativism is not justified.
This investigation of general concepts and biological practice can also help to solve a
related, philosophical puzzle. According to the common-sense view, scientists seem to use
concepts precisely. They often define concepts with technical language to give them a specific,
unambiguous meaning. Scientists can thus avoid problems in communication and reasoning,
which, in turn, allows them to rigorously carry out their work. Concepts such as mass,
acceleration, and oxygen are paradigmatic examples of this view (Weast and Astle, 1984). These
notions seem not only univocal but also receive precise mathematical formulations (c.f., Wilson,
2006).
Common-sense suggests that scientists define and use concepts consistently and
precisely. However, this common-sense view is not always correct. Many scientific concepts are
imprecise in some way or another. Some concepts are imprecise in the sense that they are
ambiguous, such as the concept of species (Ereshefsky, 1992). Other concepts are imprecise
because they are vague or have a too general, under-specified meaning (Gillon, 1990; Sennet,
2016). As I have noted, imprecision typically leads to miscommunication, inferential errors, and
similar problems in science. For these reasons, imprecise concepts seem to be obstacles to
scientific knowledge, and thus scientists should avoid them. Nonetheless, imprecise concepts are
rampant in science, and scientists do not attempt to amend them. Although this imprecision does
not bother scientists, it seems that it should. In summary, it is puzzling as to why imprecise
concepts are so widespread in science, despite allegedly harming it.
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A close investigation of how scientists use concepts in scientific practice might help
solve this puzzle. This investigation might reveal why imprecise concepts are not as potentially
harmful to science as one might think. More precisely, concepts with a broad, vague, or
ambiguous meaning might benefit science because they have these semantic characteristics.
Hence, the imprecise nature of these concepts might be a reason why they are useful and, thus,
widespread in science.
In this chapter, I consider how the broad, general concept of biological lineage is
beneficial to biology. This concept has a type of imprecision often called “sense generality”
(Gillon, 1990; Sennet, 2016). Sense generality is the idea that a concept has a very broad, underspecified meaning or content. For example, the definition of ‘lineage’ is so general that it can be
specified in various ways. Depending on the specification, the concept can refer to conflicting
sets of entities. Other examples of sense generality are the concepts of evolutionary novelty and
molecular gene. Biologists share a general, under-specified meaning of evolutionary novelty,
namely a novel trait in evolutionary history. However, there are different ways to specify this
meaning depending on how one defines ‘novel’ (Hallgrímsson et al., 2012; Leys & Riesgo,
2012). Similarly, the concept of molecular gene has an under-specified meaning (Brigandt, 2012;
Waters, 2000, 2014). Molecular genes are linear DNA sequences that code for certain products
in specific cellular contexts. As a result, there are different ways to specify this meaning
depending on what products (e.g., polypeptide, RNA) biologists aim to investigate.22
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The concept of species does not have the same type of imprecision (i.e., sense generality). This concept does not
have an overarching meaning, such that biologists debate the best ways to specify it. The debate over species
concerns how to define this category in the first place. For this reason, the concept of species is ambiguous and
polysemous rather than sense general.
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In what follows, I discuss how the imprecision (sense generality) of the concept of
biological lineage is beneficial to biology. I consider how this imprecision influences the
practices of biologists. To do so, I compare this concept with the aforementioned imprecise
notions of molecular gene and evolutionary novelty. The concept of molecular gene helps
biologists to integrate their explanatory practices: geneticists recognize their shared explanatory
goals and react to each other’s work as a community (Brigandt, 2010, 2012). The concept of
evolutionary novelty also facilitates integration in science. According to Brigandt and Love
(2012), this concept helps biologists to integrate their different research questions into a problem
agenda – an interdisciplinary research problem. This problem requires explanations deriving
from different areas and methodologies. As a result, biologists from different areas recognize
how their work connects and thus can develop collaborations.
My thesis is that the concept of lineage benefits science by facilitating different types of
scientific integration in different research contexts. These types of integration differ from those
promoted by the notions of molecular gene and evolutionary novelty. Instead of integrating
explanatory practices or research questions, the concept of lineage can integrate theoretical
principles, data, and methodologies in specific contexts across biological fields. By advancing
these points, this chapter has three goals. First, I explain how the concept of lineage is imprecise
and contrasts it with other widely-discussed imprecise concepts in biology. Second, I identify
and analyze different types of scientific integration. Third, I provide a detailed account of how
the imprecision of a concept influences its use and benefits scientific integration.
In the next section, I present the notions of the evolutionary novelty and molecular gene.
I explain why these concepts have general, under-specific meanings and how they contribute to
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integration in science (Sections 4.1.1 and 4.1.2). Then, I introduce the concept of biological
lineage and explain why it is also an example of that same type of imprecision (Section 4.2.1). I
argue that this concept neither integrates a problem agenda nor explanatory practices (Section
4.2.2). Finally, I explain and illustrate the types of integration promoted by this concept (Section
4.3). This concept contributes to the integration of evolutionary principles into classification
practices and paleontology (Section 4.3.1). I hinted at this point in my historical overview in the
beginning of the dissertation, but now I thoroughly develop it (see section 2.5). Additionally, the
concept of lineage helps to integrate different types of data in phylogenetics and to apply
phylogenetic methodologies in developmental cell biology (Section 4.3.2 and 4.3.3). My
conclusion highlights the relation between imprecision and scientific integration. This conclusion
shows why eliminativism is not well-motivated. It also shows why imprecision is not as
problematic as philosophers and our common-sense might suggest.
4.1 How Imprecise Concepts promote Integration
4.1.1 Evolutionary Novelty and Problem Agendas
In the last few decades, philosophers and biologists have debated the correct definition of
‘evolutionary novelty’ (Brigandt & Love, 2012, 2010; Moczek, 2008). Evolutionary novelties
are traits considered to be ‘novel’ or sufficiently new in evolutionary history. Yet, what does
‘novel’ mean? Different answers to this question entail slightly different characterizations of
evolutionary novelty. For instance, some authors assume that a novel trait is a non-homologous
one (Wagner & Müller, 1991). This trait first arises in a group of organisms instead of being
inherited from an ancestral group. By comparison, some scholars argue that a novel trait has to
execute a novel function in the organism (Mayr, 1960). The trait enables organisms to behave in
distinctive ways that did not exist before. Additionally, other authors claim that a novel trait
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enables future morphological variation and diversification, which did not previously exist
(Brigandt, 2007). They suggest that a novel trait creates new, unforeseen opportunities for further
change in the populations.
Many other definitions appear in philosophical and biological literature (e.g., see
Hallgrímsson et al., 2012; Leys & Riesgo, 2012; West-Eberhard, 2008). Distinct definitions
categorize different traits as ‘novel,’ which can lead to inconsistencies in how biologists attribute
significance to certain traits and their evolution. The evolution of a specific trait, such as the
wing patterns of butterflies, might be considered a significant evolutionary novelty or not,
depending on the definition (Moczek, 2008). Hence, this diversity of definitions has various
consequences. Disagreements over the definition of ‘evolutionary novelty’ lead to disagreements
over which research projects should receive attention from scientists and support from funding
agencies and institutions.
This diversity of definitions indicates that the concept of evolutionary novelty is
imprecise. This concept has sense generality (Sennet, 2016). Broadly, the concept refers to novel
traits in evolutionary history, but this characterization of evolutionary novelty is too general and
under-specified. There are different ways to specify what counts as a novel trait. Hence, the
concept of evolutionary novelty allows for various, conflicting, specific meanings. In the face of
these different meanings, one might be tempted to keep discussing which are correct. Instead of
following this temptation, Brigandt and Love (2012) want to move beyond definitional debates
over evolutionary novelty and analyze the overall role that this concept plays among scientists.
Brigandt and Love claim that the definitional diversity of the concept of evolutionary novelty is
not a reason for despair. This diversity is not, in itself, a sign that the concept is problematic or
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harmful. Instead, this concept plays an important role in science, namely it enables scientists to
identify a problem agenda.
A problem agenda is a general interdisciplinary research topic. It contains a series of
interrelated questions that have three basic characteristics (Brigandt & Love, 2012, p. 422). First,
the questions of a problem agenda are part of a single historical debate and give rise to new
interrelated questions. The questions in a problem agenda relate to one another because they
concern the same interdisciplinary research topic, but also because they trace back to common
scientific issues in the past. Second, these questions are heterogeneous. Some questions are
empirical and require data collection and testing. Other questions are theoretical in the sense that
they are concerned with the best way to represent the phenomena under study. Moreover, some
questions concern patterns, while others concern processes in nature. Third, these questions are
hierarchically interrelated. For example, some questions are more general than others in the
sense of referring to larger, more inclusive sets of entities. In contrast, some questions are more
abstract than others because they refer to less-specific mechanisms, processes, or patterns. Each
of these questions helps to address aspects of the same interdisciplinary research topic.
The concept of evolutionary novelty sets a problem agenda. According to Brigandt and
Love (2012), evolutionary novelty identifies a general research issue regarding how new traits
arise in evolutionary history. Scientists from different areas of biology investigate this issue
directly or indirectly. This issue has been subject to historical debates since the 20 th century. For
decades, population genetics was considered able to explain the origin of novel traits. NeoDarwinism motivates this view of population genetics (Brigandt & Love, 2012, p. 422). More
recently, however, biologists argue that developmental biology and other disciplines make
indispensable contributions to the explanation of evolution. Biologists recognize that population

115
genetics is not sufficient to explain the origin of novel traits. For example, it is important to
understand the change in developmental mechanisms that underlies these traits (Wagner, 2000).
Developmental biology contributes to the understanding of these mechanisms. In this sense, as
various disciplines contribute to the study of trait evolution, different disciplines investigate
diverse questions regarding the structure of novel traits. These questions have a common history:
they arise as a reaction to Neo-Darwinism and the limitations of population genetics.
Questions about evolutionary novelty are heterogeneous. Some questions are theoretical,
such as how a mathematical model represents the likelihood of a novel trait evolving. Other
questions are empirical, in the sense that they investigate the underlying developmental
mechanism of a certain novel trait. If one wants to understand this mechanism, one has to gather
data and rely on experiments or observation. There are also questions concerning patterns and
processes (Brigandt & Love, 2012, p. 423). Pattern questions include inquiries concerning the
phylogenetic origin of a novel trait, such as the origin of jaws in the evolutionary history. This
history is a pattern, an outcome of evolutionary processes. In contrast, process questions include
inquiries concerning specific changes that enable the origin of novel traits, such as the changes in
cis-regulatory binding sites that contribute to heterotopy (i.e., an evolutionary change in how an
organism’s embryo is spatially arranged). The problem agenda, then, sets up a heterogeneous set
of questions – theoretical, empirical, pattern-oriented, process-oriented – which each call for
different methods to address them. Some disciplines in biology might address some of these
questions, but not others.
Questions about evolutionary novelty are also hierarchically organized. According to
Brigandt and Love (2012), this hierarchical organization has two dimensions: abstraction and
generalization. Some questions are more abstract than others because they refer to more or less
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specific traits or processes. For example, the question ‘how is variation generated’ is more
abstract than ‘how is gene regulatory network variation generated’ because the latter includes
details of how a specific sort of variation is generated in a specific context. Additionally, some
questions are more general than others, such as whether traits apply to a narrower or broader,
more inclusive group of organisms. While a general question concerns the origin of novelties in
all animals (metazoans), a more specific question concerns the origin of novelties in mammals.
Depending on the level of abstraction and generalization of a question, a combination of
methodological approaches is required.
Thus, evolutionary novelty meets the three basic characteristics of a problem agenda.
When biologists refer to evolutionary novelty in their work, they share a general concern about
how new traits arise in nature. The questions raised by different biologists have a common
history, heterogeneity, and hierarchical organization. Different questions involve different areas
of biology and their respective methodologies. For instance, the question ‘how is gene regulatory
network variation generated’ is a question for geneticists, while the question ‘when do vertebrate
jaws arise in evolutionary history’ is a question for phylogeneticists. Yet, given that different
questions about evolutionary novelty are interrelated and hierarchically organized, the answer to
one question frequently contributes to the answer to other questions. For example, explaining
how gene regulatory network causes genetic variation helps biologists to answer the question
‘how is genetic variation generated?’ As some answers contribute to others, the research about
evolutionary novelty conducted by some disciplines will contribute to the research completed by
others.
The characteristics of a problem agenda relate to different “criteria for explanatory
adequacy” (Brigandt & Love, 2012, p. 423; Love, 2008). Given that evolutionary novelty is an
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interdisciplinary topic, adequate explanations of evolutionary novelties have to satisfy specific
standards. These standards are the criteria for explanatory adequacy. First, an adequate
explanation of novel traits must involve both morphological and functional features of the trait.
This criterion for adequate explanations results from the previously discussed historical debate
on evolutionary novelty. Neo-Darwinian population genetics focused on mainly on the function
of traits. As a reaction to this bias, contemporary biologists explain novel traits by also
discussing their morphological aspects. Hence, adequate explanations must involve both features
of traits.
Second, adequate explanations of evolutionary novelties must exhibit sufficient
complexity and balance. It has to be complex in the sense that it contains the answers to
heterogeneous questions: an adequate explanation has to involve empirical and theoretical
information, as well as discussion of patterns and processes related to the novel trait at stake.
This explanation requires balance in the sense that it cannot neglect different types of questions.
As one may notice, this need for complexity and balance derives from the heterogeneity of
questions in the problem agenda.
Finally, the third criterion for explanatory adequacy relates to the hierarchical
organization of questions. An adequate explanation of novel traits must be sufficiently abstract
and general. The explanation has to be somewhat abstract, such that different disciplines can
contribute to it. These disciplines use different methods to study the same trait at different levels
of specificity. For example, to investigate the developmental generation of variation, one must
appeal to methods in quantitative genetics, developmental genetics, among other areas (Brigandt
& Love, 2012, p. 424). Additionally, an adequate explanation has to be general in the sense that
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it should apply to different groups. So, to explain the development generation of variation, one
has to investigate and compare how it occurs in various species and clades.
These criteria for explanatory adequacy indicate how a problem agenda influences
integration in science. Evolutionary novelty is a broad, interdisciplinary topic of research.
Explanations in this area combine information on the morphology and function of traits. They
also combine information about patterns, processes, empirical and theoretical aspects of traits.
This diversity of information results from research in different fields of biology involving
various methodologies and groups of animals. Each field and methodology contributes to
answering one or even several interrelated questions of the problem agenda. These questions
have a hierarchical organization and might connect in various ways. This organization of
questions determines how the respective contributions from different areas and methodologies
relate to one another. In this sense, Brigandt concludes that a problem agenda does not only
promote integration in science, but it structures this integration (Brigandt, 2012, p. 81).
Given these considerations, concepts that identify problem agendas are tools for
integration in science. These concepts identify a research topic that involves interconnected
questions and requires the integration of fields and methodologies. As a result, when biologists
use the concept of evolutionary novelty, they are referring – explicitly or not – to an
interdisciplinary research topic that they investigate. The shared use of this concept is indicative
that the research questions of biologists are interrelated. In other words, the concept of
evolutionary novelty helps biologists to recognize how their work is connected. The concept
function as a label, i.e., a sign that helps to identify the overlap of research questions and
potential collaboration among biologists.
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As I have shown in the beginning of this section, the concept of evolutionary novelty is
imprecise. This imprecision is sense generality, i.e., the concept has a broad, under-specified
meaning. This concept is so broad that it receives alternative specifications. For this reason, the
concept can figure in different areas of biology, methodologies, and can apply to traits in
different types of animals. This concept can refer to both morphology and function of traits.
Additionally, it can apply to different levels of specificity (how specific one describes a trait).
This variety of applications enables biologists to use the concept of evolutionary novelty in a
wide range of contexts. So, as a result of its imprecision, the concept becomes a label used across
biology that singles out interconnected research projects. Given that this label helps biologists to
recognize these connections and potentially collaborate with one another, the imprecision of the
concept of evolutionary novelty facilitates integration in science. Now, I turn to another
imprecise concept that facilitates integration in science.
4.1.2 Molecular Gene and Explanatory Practices
The gene is one of the central concepts in 20th century biology. This concept gives rise to
numerous controversies among philosophers and biologists. Some scholars discuss whether this
concept is still useful or should be eliminated (Keller, 2000; Kitcher, 1992). Scientists define and
use this concept in diverse ways, such that it is unclear why a single, general concept of gene is
needed. Despite all controversies, scholars agree on a distinction between two concepts of gene:
the classical gene and the molecular gene (Brigandt, 2010; Waters, 1994, 2000). This distinction
relates to the history of genetics and heredity studies in the 20th century (see section 2.4). The
concept of classical gene is the one underlying the investigations of heredity pursued by T. H
Morgan and others in the 1920s up until the discovery of the DNA structure in 1953. According
to this concept, genes are stable and discrete units that exist in chromosomes. These units
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influence the phenotype of organisms and are transmitted from generation to generation (Waters,
1994, pp. 169–170). In this chapter, I am not interested in this concept but rather in the concept
of molecular gene.
The molecular gene refers to segments of DNA nucleotide that code for certain cell
products at successive phases of the DNA expression process (Waters, 1994, p. 178). Scientists
assume and share this concept in the context of modern molecular biology (Brigandt, 2010,
2012; Waters, 2014). They agree that a gene is a string of nucleotides that contributes to one or
many phases of DNA expression. Yet, scientists are interested in different phases of this
expression, such as the transcription of DNA nucleotides to primary mRNA or the translation
from mature mRNA to polypeptides. Each phase leads to a different cell product: primary
mRNA, mature mRNA, tRNA (transfer RNA), polypeptides, among others. Depending on which
phase and cell products are at stake, scientists will single out (individuate) the relevant segment
of nucleotides. In other words, a particular segment of DNA nucleotide only counts as a gene
relative to a specific phase and cell product of interest.
These characteristics of the concept of molecular gene have an important consequence.
On the one hand, scientists share a broad, under-specified meaning of this concept. On the other
hand, they use this concept differently depending on the context. For example, if scientists in a
laboratory A are only interested in the transcription phase and primary mRNA, they will specify
this concept in a particular way. Among these scientists, the concept of molecular gene refers to
a sequence of nucleotides that codes for primary mRNA in the transcription phase. In contrast, if
scientists in a laboratory B study the translation phase, they specify the meaning of this concept
differently. The concept of molecular gene might refer to a sequence of nucleotides that codes
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for polypeptides. In this sense, this concept receives different specific meanings depending on
the research context. Therefore, this concept is an example of imprecision (sense generality).
C. Kenneth Waters (2014) highlights the imprecision of the concept of molecular gene.
The broad, under-specified meaning of this concept is analogous to a mathematical equation: this
meaning contains a series of variables (placeholders) standing for the cell product, phase of DNA
expression, and other aspects of the concept that require specification. In different research
contexts, these variables will receive different values and, thus, give rise to specific meanings of
molecular gene. Each specific meaning offers a precise way to single out nucleotide segments. In
this sense, Waters concludes that the concept of molecular gene is flexible because “placeholders
can be filled out in a multiplicity of ways, each of which will precisely pick out different
segments of DNA” (2014, p. 125). The imprecision of this concept makes it flexible for use.
Ingo Brigandt’s (2010, 2012) work on conceptual change helps to explain why such
flexibility or imprecision is beneficial to science. According to him, the concept of the molecular
gene implies that geneticists have a common explanatory practice (2010, p. 34).23 This view has
two parts. First, scientists have a common epistemic goal. This goal is to understand how
different DNA segments code for various genetic products, such as primary mRNA, mature
mRNA, and polypeptides. Scientists study different phases and products of the process of DNA
coding, but the common goal is to understand DNA coding. Second, geneticists tend to react
similarly to the same findings when using the imprecise notion of molecular gene. The example
below illustrates this second point.

Brigandt neither uses the term “imprecision” nor “sense generality” to characterize the concept of the molecular
gene. He also has his own way of characterizing the meaning of concepts. For instance, he might say that, what I
call, “the general, under-specified meaning” of a concept is its “epistemic goal,” which is just one of the components
that determine the content of a concept. However, the specifics of Brigandt’s terminology and theory of concepts
does not influence my analysis.
23
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Newly discovered genetic processes suggest that the same DNA segment can code for
different polypeptides (Fogle, 2000). These processes occur in different phases of DNA
expression. For this reason, the discovery that the same DNA strings can be used for different
polypeptides matters to all, or most, geneticists. In the face of this finding, geneticists reacted
similarly by incorporating it into their work and changing how they define the concept of
molecular gene (Brigandt, 2010, p. 33). Geneticists study interconnected aspects of the same
phenomenon, i.e., interconnected phases and products of the same process of DNA coding. As a
result, the work of geneticists will influence each other. That finding about DNA coding has led
scientists to revise the specific meaning they attribute to the concept of molecular gene. For
example, laboratory A working on mRNA and laboratory B working on polypeptides have to
appropriately revise their definitions of molecular gene to account for the same finding. Both
laboratories are incorporating in their own way the discovery made by other laboratories.
Brigandt’s brief analysis suggests that the broad, imprecise concept of the molecular gene
is beneficial to science. This concept identifies a general explanatory aim among geneticists. So,
when geneticists use the term ‘gene’ in molecular biology, they imply a commonality among
their research. Research projects in genetics have a broad, common goal, and the concept of
molecular gene functions as a label identifying this commonality. This label marks projects that
will react and readjust in the face of each other’s findings. As a label, the concept of molecular
gene helps biologists recognize how their work is connected. Geneticists can easily recognize the
need to revise their definitions, theories, and explanations based on the findings of other
geneticists. The concept of molecular gene helps them to identify which aspects of their work
(definitions, theories, findings, and so on) are relevant and should be incorporated, so they
achieve adequate explanations. In this sense, this concept facilitates integration in science.
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The concept of molecular gene is imprecise. As I have shown, this concept has a broad,
under-specified meaning that accepts various specifications (Waters, 2000, 2014). Given its
imprecision, this concept figures in a wide variety of contexts within molecular biology. This
variety of uses makes the concept an effective label to identify research relating to the overall
phenomenon of DNA coding. As a result, it allows geneticists working on different research to
recognize each other and the influence of their work. In summary, imprecision guarantees the
wide use of this concept, and this use guarantees that geneticists from a wide range of contexts
can realize how their work interconnects. Without recognizing this interconnection, the
individual research of different laboratories will suffer. This realization also opens the possibility
for collaboration and joint efforts in the explanation of DNA coding.
4.2. The Concept of Lineage
So far in this chapter, I have analyzed the concepts of evolutionary novelty and molecular
gene. Both concepts are imprecise, and this imprecision can foster scientific integration. The
concept of evolutionary novelty helps biologists to recognize the integration of research
questions in an interdisciplinary research topic. In contrast, the concept of molecular gene helps
biologists to recognize the need to readjust and integrate their work. Geneticists rely on each
other’s findings, such that they have to revise their work accordingly to carry on adequate
explanations and research.
Thus, the concepts of evolutionary novelty and molecular gene benefit science because
they facilitate scientific integration. In the remainder of this chapter, I examine the concept of
lineage and consider whether it benefits science for the same reason. First, I explain why this
concept is imprecise. Second, I argue that it neither identifies a problem agenda nor integrates
explanatory practice.
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4.2.1 The Imprecision of the Concept of Lineage
The concept of biological lineage refers to a sequence of entities that hold genealogical
relationships, i.e., parent-offspring relations (De Queiroz, 1998; Ereshefsky, 1992; Hull, 1980).
As I have shown in early chapters of this dissertation, this concept is widespread in the biological
sciences. For instance, in developmental biology, it appears in the context of embryology and
stem cell research (Dröscher, 2014; Fagan, 2017; Stent, 1998). Experiments in these areas track
genealogical sequences of cells to explain the formation of tissues and organs. In evolutionary
biology, the notion of biological lineage helps biologists theorize about natural selection and
common ancestry (Baum & Smith, 2013; Darwin, 2009; Dawkins, 2006; Doolittle & Brunet,
2016). Natural selection causes changes in populations across generations and thus across
population-level lineages. The principle of common ancestry assumes that organisms form
lineages that converge in the past towards common ancestors. Finally, the notion of biological
lineage appears in the definitions of some taxonomic categories, such as species (Coyne & Orr,
2004; De Queiroz, 1999; Simpson, 1951; Templeton, 1992; Wiley, 1978).
As the concept of lineage applies to a wide range of biological contexts, it receives a variety
of uses. Developmental biologists refer mainly to cell lineages and assume that a lineage
contains all descendants of a common stem cell (Kretzschmar & Watt, 2012). Evolutionists are
traditionally interested in population-level lineages, but sometimes they also study the evolution
of cell lineages (e.g., the evolution of cancer). Phylogeneticists frequently compare gene and
species-level lineages. Often, phylogeneticists and evolutionists do not indicate whether a
lineage contains some or all descendants of a common ancestor (Simpson, 1951; Templeton,
1992; Woods et al., 2011).
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This variety of uses makes sense when one realizes how the concept of biological lineage is
imprecise. This concept has a broad, under-specified meaning that receives different
specifications in biology. There are two main sources for this imprecision. First, the imprecise
meaning of this concept does not specify what counts as the entities forming a lineage. While
developmental biologists refer to sequences of cells, others refer to sequences of organisms or
species (Baum & Smith, 2013; Fagan, 2013). Sometimes biologists use ‘lineage’ to refer to a
sequence formed by different types of entities. The discussion of how prokaryotic organisms can
evolve into eukaryotic organisms is an example of this case (Godfrey-Smith, 2009; Michod,
2007; Smith & Szathmary, 1997). This discussion assumes that there is a lineage connecting
these two types of organisms. Finally, one can use the concept of biological lineage to refer to
sequences of entities that contain other sequences of entities at lower hierarchical levels (Haber,
2012, see section 2.6). For example, one might refer to a lineage as a sequence of organisms plus
the sequence of genes that persists within generations of such organisms.
The second source of imprecision concerns the notion of ‘sequence.’ The general, underspecified meaning of ‘lineage’ does not specify what counts as a sequence, i.e., it does not
determine the boundaries of a lineage. A sequence can be a single one-to-one succession of
entities, like a sequence of individual gene copies appearing one after another. This
understanding of lineages is also implicit in the idea that each branch of the tree of life is a
lineage. As a branch in the tree, a lineage is a direct sequence of species (De Queiroz, 1999;
Mishler, 2010). ‘Sequence’ might also refer to a one-to-many succession, such as a sequence that
starts with one stem cell leading to a population of mature cells (Dröscher, 2014; Fagan, 2013).
Another example of this type of sequence is a human family tree, which starts with one or more
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ancestors and then includes a set of descendants. Hence, one can understand the ‘sequence’ as a
one-to-one or a one-to-many succession.
Additionally, the one-to-many type of succession is imprecise because one can understand it
in at least two ways. One can count all or only some offspring of an ancestor as part of its
sequence. For example, one might include all descendants from the first Amniote (an animal
which lays eggs) as part of the same sequence (the lineage of Amniotes), or one might include
only some descendants as part of the same sequence (e.g., the lineage of Reptiles rather than
Amniotes).24 Depending on how one uses ‘sequence,’ one will specify and individuate biological
lineages in different ways.
At this point, notice a similarity between the concepts of lineage and Waters’ analysis of
molecular gene (Waters, 1994, 2000, 2014). Waters describes the imprecise concept of molecular
gene as containing placeholders, or variables, as being specified according to the research
context. Biologists interested in different phases and products of the DNA coding process will
attribute different values (specifications) to these variables. Similarly, the imprecise concept of
lineage contains at least two placeholders: ‘entities’ and ‘sequence.’ These variables will receive
different specifications according to the research context of biologists. Hence, while the concept
of lineage is under-specified, it enables biologists to specify it in various ways. This concept is
imprecise (sense generality) and thus flexible.
The imprecision of the concept of biological lineage invites philosophical investigation.
Biological lineage is similar to the concepts of molecular gene and evolutionary novelty. These

24

This ambiguity corresponds to the distinction between paraphyletic and monophyletic groups. While the former
type of group contains only some descents plus their common ancestor (e.g., the lineage of reptiles), the latter type
of group contains all descents and their common ancestor (e.g., the lineage of Amniotes).
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concepts have a general, under-specified meaning that admits different specifications. Therefore,
one should raise the question of whether the imprecise concept of biological lineage benefits
science in the same way as the previous two concepts.
4.2.2 Neither Problem Agendas nor Explanatory Practices
I answer this question negatively. To support my position, I first compare the concepts of
biological lineage and evolutionary novelty. This concept benefits science by integrating
questions of interdisciplinary problem agenda. As I mentioned before, these questions have three
basic characteristics: they are heterogeneous, hierarchically organized, and arise from a single
historical debate. Questions are heterogeneous in the sense that some are theoretical, while others
are empirical. Some questions ask about patterns, while others ask about processes, and so on.
Questions are hierarchically organized in terms of abstraction and generality. Some questions are
more abstract than others in the sense that they discuss a trait without specific details of
mechanisms. For example, to discuss how variation is generated is more abstract than to discuss
how genetic variation is generated. Finally, the questions in a research problem result from a
unified debate in the past. For instance, modern questions about evolutionary novelty are
reactions to the past view that population genetics can explain the origin of traits (Brigandt &
Love, 2012). In what follows, I examine why the concept of biological lineage does not have the
characteristics of a problem agenda.
At first approximation, scientists using the concept of biological lineage might seem to
engage in an interdisciplinary research topic. This topic is genealogical relatedness. When
biologists from different fields use the concept of lineage, they usually are referring to
genealogical relations, ancestry, or related ideas. For instance, evolutionary biologists study
genealogical patterns and processes among animal groups, while developmental biologists study
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patterns and processes of genealogy in cells. Phylogeneticists attempt to reconstruct gene and
species genealogies that evolutionists investigate. Meanwhile, paleontologists are concerned with
processes and patterns involving higher-level lineages. These patterns are also reconstructed in
phylogenetics. Hence, biologists investigate genealogical relations and their investigation seems
interrelated to some degree.
Additionally, questions about lineages are heterogeneous. Some questions are theoretical,
such as whether lineages can diversify without assuming the occurrence of natural selection
(Raup et al., 1973). Other questions are empirical and concern the extinction rate of a lineage, or
whether a particular group belongs to a certain lineage or not (Pardo et al., 2017). Importantly,
the latter question is also a pattern question. Other types of questions are process questions,
which concern the processes that generate or influence those lineage patterns. For example, one
might ask to what extent the process of Lateral Gene Transfer influences the composition and
boundaries of a lineage (Boucher & Bapteste, 2009).
Some questions about lineages also have hierarchical organization. Some questions are
more abstract than others, while some are more general than others. For instance, the question of
how organisms form lineages is more general than the question of how prokaryote organisms
form lineages, which concern a particular domain of organisms (see section 3.2.3). Similarly, the
question of whether Dickinsonian is part of the metazoan lineage is more general than whether
Dickinsonian is part of the bilaterian lineage within the metazoan lineage (Bobrovskiy et al.,
2018). This hierarchical organization among questions also relates to the fact that lineages exist
at different levels. These levels are complex and impact one another. For example, the question
of how sexual organisms form lineages connects to the question of how eukaryote cells divide
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and form lineages (Baum & Smith, 2013). This hierarchy of questions is also evidence of a
problem agenda.
Notwithstanding the evidence above, the concept of biological lineage does not identify a
problem agenda. At the very least, this concept does not satisfy one of the three characteristics of
a problem agenda, namely: questions arising from a single historical debate. If this were the case,
one should expect that current questions about genealogy in different areas would be reactions to
a set of unified historical disputes in the past. However, when current questions about genealogy
are examined, this expectation is not met. Questions about genealogy are too diverse to result
from a single historical debate or to be reactions to a single research direction from the past. I
elaborate on this point in what follows.
Questions about the genealogy of cells in developmental biology do not share a common
history with questions about the genealogy of species in classification and evolutionary biology.
Queries in developmental biological trace back to embryological studies in the 19th century,
while questions about genealogy in evolution and classification (e.g., phylogenetics) trace back
to Darwinian evolutionary theory (De Queiroz, 1996; Dröscher, 2014; see also sections 2.1, 2.2,
and 2.5). Some interaction between these contexts might have happened, but there is no unified
history under the umbrella of ‘genealogy’ that combine the two. There is no single research
direction or controversy that determined the major questions that biologists ask today about the
genealogy of cells and species. As a consequence, questions about biological lineage are not part
of an interdisciplinary problem agenda.
Contrary to the first approximation, genealogical relatedness is not an interdisciplinary
research topic. While biologists study genealogy in various areas of biology, this topic is too
broad to set a unified problem agenda. The interdisciplinary topic of a problem agenda must be
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unified in the sense that its research questions have a common history, can complement each
other, and branch into new, related questions. Nevertheless, the topic of genealogical relatedness
is so broad in biology that the attempt to reconstruct a unified history of interdependent questions
seems artificial and ad hoc at best. Developmental biologists and evolutionists do not share a
common history. The questions posed by these biologists do not have a clear interconnection,
and adequate explanations of genealogy do not necessarily involve various fields and
methodologies in biology.
In summary, the concept of biological lineage does not identify a problem agenda. Thus,
it does not benefit science in the same way the concept of evolutionary novelty does. I end this
section showing that the concept of lineage also does not benefit science in the same way as the
concept of molecular gene does.
The concept of molecular gene identifies a common explanatory practice among
geneticists (Brigandt, 2012). Scientists using this concept have a common epistemic goal. They
investigate the same general phenomenon, namely DNA coding. Additionally, scientists using
the concept of the molecular gene tend to react similarly to the same findings of genes. One
example is the finding that DNA and its products have a many-many relationship (Fogle, 2000).
This discovery had a significant impact on most groups of geneticists and made them revise the
definition of molecular gene. Geneticists react to each other’s work and integrate aspects of this
work, as they aim at explaining the same phenomenon. The work of geneticists will likely be
compromised unless they frequently incorporate findings from other geneticists.
However, nothing similar happens to the concept of biological lineage. On the one hand,
one might claim that this concept indicates a common epistemic goal among scientists, namely
the aim of explaining the genealogical relatedness of biological entities. One the other hand,
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biologists using this concept often do not react to the same, important findings. Hence, biologists
do not share an explanatory practice. I will use an example to further illustrate this claim.
Lateral Gene Transfer (LGT) is the exchange of genes among organisms other than by
parent-offspring relation (Zhaxybayeva & Doolittle, 2011; see also section 3.2.3). Findings of
rampant LGT among organisms of different lineages influence the work of biologists in different
areas. For instance, these findings inspire some biologists to propose a revision of the concept of
biological lineage and how to represent the tree of life (Boucher & Bapteste, 2009; Doolittle &
Brunet, 2016; Kunin et al., 2005). Nonetheless, findings of rampant LGT are not general enough
to inspire similar reactions from many biologists that use the concept. LGT does not influence
the definitions of the concept of lineage in cell lineage tracing or in paleontological models of
biodiversity (Kretzschmar & Watt, 2012; Raup et al., 1973).25 These contexts are too distant
from the contexts of classification and evolutionary biology in which lateral gene transfer is
relevant. Hence, discoveries of LGT in latter contexts likely do not influence definitions, theories
and explanations regarding biological lineages in the former contexts.
The example of rampant LGT illustrates the difference between the concepts of
molecular gene and biological lineage. The latter concept applies to diverse areas and contexts of
biology. Often, discoveries made by one group of biologists will not influence the work of
others. Evolutionary and developmental biologists using the concept of biological lineage tend
not to react similarly to the same discovery. Also, the work of paleontologists and evolutionists
will not always influence each other. The conclusion is that the topic of genealogical relatedness
is too broad to connect work across biology and establish common explanatory practices. While
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However, a change in the concept could be inspired by discoveries of gene transfer among mitochondrial DNA.
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the theories, definitions and explanations of DNA coding are intimately related, the theories,
definitions, and explanations of genealogy are not. In this sense, while the concept of molecular
gene facilitates the integration of explanatory practices in genetics, the concept of biological
lineage does not facilitate the same type of integration. The concept of lineage does not benefit
science in the same way the concept of the molecular gene does.
More generally, the concept of biological lineage does not promote either of the two
types of scientific integration discussed in this chapter. This is because the general, underspecified meaning of this concept is too broad. When biologists use the concept of biological
lineage, they refer to a broad phenomenon or research topic: genealogy. Biologists discuss this
topic in various contexts, from stem cell research to species and fossil groups, and these
discussions are not sufficiently interrelated to generate an interdisciplinary problem agenda or a
common explanatory practice. This concept is too imprecise (sense-general, under-specified) to
promote these types of integration.
4.3 How the Concept of Lineage Promotes Integration
While the concept of lineage does not facilitate scientific integration the same way the
previously mentioned concepts do, it might still contribute to other types of integration. In the
remainder of this chapter, I present examples that demonstrate how this concept facilitates
integration in a different way. This integration neither involves an interdisciplinary issue nor a
common explanatory practice. Instead, the concept of lineage contributes to integration in a caseby-case, or piecemeal, manner: it connects a few principles, data, and methodologies in
particular research contexts without assuming that there is a common issue or goal underlying all
of these contexts.
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4.3.1 Integrating Evolutionary Principles into Classificatory Practices
An examination of 20th century literature on classification suggests that the lineage
concept integrates classificatory practices and evolutionary biology. Often classificatory
practices and their related taxonomic definitions incorporate evolutionary principles (De
Queiroz, 1988, 1996, 2005, 2011). The widespread use of the term ‘lineage’ and the
incorporation of evolutionary principles by systematists in their classification schemas are not a
coincidence.26 As I argue in this section, the concept of lineage is a conceptual tool that
facilitates this integration. I will discuss the historical shift from classification to a systematic
analysis of genealogical relationships, which incorporates a basic principle of evolutionary
theory, namely, common ancestry.
In contrast to other areas of biology, systematics was not immediately influenced by
Darwin’s evolutionary theory (De Queiroz, 1988). The way biologists classify living things did
not initially change as a result of their acceptance of the Darwinian evolutionary theory. These
changes only started to appear around 1960, almost one hundred years after Darwin’s Origin of
the Species. Before 1960, systematists applied an evolutionary interpretation to existing
classifications rather than reconstruct those classifications using evolutionary principles. In other
words, there were no changes in how biologists constructed classifications. They merely used
evolutionary theory to find support for their existing schemas.
Kevin de Queiroz (1988) investigates why considerable changes in systematics
methodology took so long to appear after Darwin’s Origin. He argues that biologists were unable
to
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For current purposes, I understand systematics to be the study of relationships among living things. This study
includes, but it is not limited to, taxonomy and phylogenetics (e.g., Simpson, 1961).
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systematizations. Classification is the grouping of entities into classes according to properties
shared by these entities (Griffths, 1974). In classifications, the defining properties of a class are
properties that entities have in common. These properties are the traits possessed by the members
of the class, and such traits are independent of relationships among those members. In contrast,
systematization is the grouping of entities into more inclusive entities based on some natural
process, through which the least inclusive entities relate to one another (Griffths, 1974, p. 114).
Those relations ground the formation of the more inclusive entities.
According to Kevin de Queiroz, biologists used to create classifications with a superficial
evolutionary interpretation (1988). The methods employed by systematists consisted of grouping
entities based on their traits. In particular, systematists assumed that each group has a set of
‘defining traits.’ These traits define the group, and evolution is relevant only as a cause of those
traits clustering together. Kevin de Queiroz claims that the focus on defining traits prevented
systematists from properly incorporating evolutionary theory. This emphasis on defining traits
determined that the relevant relationship between entities in a group is a similarity relation.
Instead, to incorporate evolutionary theory into their classification practice is to assume
the principle that living things are related through common ancestry (De Queiroz, 1988, p. 245;
Ereshefsky, 2001). Common ancestry is the product of evolutionary processes, and thus it is the
relevant relationship among entities to be captured by systematists. This does not mean that
systematists should ignore traits in practice. However, traits should only be used if they are
evidence for the relations of common ancestry. In this sense, what defines a group is not a set of
defining traits. Rather, a group is defined by relations among entities. It is precisely the grouping
according to common ancestry that turns classification into systematization.
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Systematization is a classificatory practice that groups entities based on common ancestry
(De Queiroz, 1988; Griffths, 1974). Ancestry relations connect entities that form more inclusive
entities or systems. These systems are ‘wholes,’ while the connected entities are their ‘parts.’27
The parts still share traits, but it is not the shared traits that determine their place in the group.
Shared traits are just evidence of parthood relations among the phenomena grouped into wholes.
What defines the wholes are the relations among their parts and not the fact that traits are shared.
This is what distinguishes systematization from classification: the former is concerned with
relationships among parts of the whole, while the latter determines group membership by shared
similar traits. Hence, if biologists incorporate the principle that living things are related through
common ancestry, they are doing systematization and not classification.28
The shift from classification to systematization occurs circa 1960. After that, most
systematists rejected grouping entities together without the presence of a shared and recent
common ancestor (de Queiroz 1987, p. 249). Groups that lack a shared, recent common ancestor
are called ‘polyphyletic taxa’: they fail to incorporate the evolutionary principle of common
ancestry. Instead, most systematists started group entities into either monophyletic or
paraphyletic taxa. Monophyletic taxa contain a recent common ancestor and all its descendants,
while paraphyletic taxa contain a recent common ancestor without all of its offspring (see section
4.2.1).
Common to the two types of taxa is the idea that every group of entities needs to have a
single evolutionary origin. The entities forming the group have to be traced back to a common
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De Queiroz follows the distinction made by Ghiselin (1974) and Hull (1976) according to which classes have
members but individuals (or systems) are wholes with parts.
28
The shift from classification to systematization does not mean that classifications are not useful to taxonomists. It
only means that if taxonomy takes into consideration basic principles of evolutionary theory, then taxonomy should
primarily produce systematizations.
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ancestor via parent-offspring relations. In this sense, monophyletic and paraphyletic groups are
either lineages or arrays (interconnected sets) of lineages. Thus, the ‘wholes’ or ‘systems’ in a
systematization are lineages or arrays of them. The shift from classification to systematization is
a shift from representing similarity-based groups to representing lineages (Ereshefsky, 2001).
This shift marks the integration of evolutionary theory into classificatory practices.
The concept of lineage is part of this integration.29 This concept spreads in the biological
literature around the same time as the shift from classification to systematization. As I discussed
in previous chapters, the term ‘lineage’ appears frequently in debates about what species are
(Simpson, 1951; see also section 2.5). Biologists define species as lineages to explicitly
incorporate evolutionary ideas and the principle of common ancestry into their work. For
example, George Gaylord Simpson (1951, 1961) defined species as lineages to show that
paleontological work aligns with evolutionary theory. This definition enabled Simpson to
emphasize the temporal dimension of species: species evolve through time, give rise to new
ones, and thus form species-level lineages. Paleontologists use fossil records to reconstruct these
lineages. Hence, they assume the principle of common ancestry and the idea that species are
units of evolution (see section 2.5). Defining species as lineages is a way to suggest that
paleontologists share the evolutionary perspective present in systematizations, i.e., the attempt to
group organisms in lineages and common ancestry.
Similarly, the concept of lineage also figures in alternative definitions of species.
According to many phylogeneticists, species are either lineages within monophyletic groups or
monophyletic groups themselves (De Queiroz, 1999; Mishler & Donoughe, 1982; Templeton,
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There was debate over whether taxonomy should only employ monophyletic groupings. This discussion framed
the opposition between evolutionary taxonomists and phylogeneticists, though I will not explore those details here.
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1992; Wheeler & Meier, 2000; Wiley, 1978). The concept of lineage highlights the importance
of genealogy and common ancestry to phylogenetics, which is the main school of taxonomy
today (Hull, 1988; Ereshefsky, 2001). Furthermore, this concept suggests that phylogenetic
patterns result from evolutionary processes taking place in successive generations of lineages. In
this sense, the concept of lineage integrates evolution ideas into the classificatory practices of
phylogenetics. As biologists increasingly define species as lineages, they indicate that their
classificatory practices align with the principle of common ancestry and other evolutionary
views. The explicit use of ‘lineage’ in taxonomic definitions is a sign that biologists adhere to the
shift from classification to systematization. This use is a sign of the integration of evolutionary
principles into classificatory practices.
At this point, it is important to note the role that imprecision has played in the integration
of evolutionary principles into classificatory practices. The concept of biological lineage
contributes to the integration of common ancestry into systematics, at least in part, because it has
a general, under-specified meaning. As discussed in previous sections, one of the sources of
imprecision surrounds what counts as a ‘sequence.’ This imprecision allows a variety of
taxonomists to use that concept to spread the principle of common ancestry in their community.
Recall that ‘sequence’ can refer to a set containing all the descendants of a single ancestor or a
set containing some (but not all) of these descendants. This imprecision allows biologists to
define taxonomic categories in terms of common ancestry but remain neutral about controversial
issues in classification. For instance, biologists practicing evolutionary taxonomy (e.g., Simpson)
and phylogenetics (e.g., Hennig) incorporate common ancestry into their definitions; however,
they disagree on whether common ancestry should be the only defining principle of taxonomic
categories. The broad, under-specified meaning of ‘lineage’ does not take a side on this dispute.
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In summary, the concept of biological lineage is useful to most systematists,
independently of which taxonomic school they adopt. Biologists use this concept to indicate that
their classificatory practices adhere to common ancestry and evolutionary ideas. More precisely,
this concept marks the adherence of biologists to systematization rather than classification. This
concept is a label showing that biologists are committed to grouping organisms based on
common ancestry and, therefore, to seriously incorporate evolutionary ideas into their work.
Now, I turn to a second case of using the lineage concept for integration purposes.
4.3.2 Integrating Temporal Data into Phylogenetics
The taxonomic school of phylogenetics (or systematic phylogenetics) aims to represent
the evolutionary history of living things (Hennig, 1966, see also section 2.5). In this section, I
discuss how the lineage concept integrates temporal data into phylogenetic analysis and
representations.
Phylogenetic produces two types of representations. First, as Niles Eldredge points out,
cladograms are branching diagrams depicting the distribution of the traits among biological
groups (Eldredge, 1979). Suppose one wants to construct a cladogram of vertebrates (fig. 13).
One must consider the shared traits among different groups of vertebrates that derive from the
same ancestral trait. Shared derived traits are called ‘synapomorphies’ (Baum & Smith, 2013).
Each branch of the diagram represents one group, and the proximity of groups in the diagram
results, at least partially, from how many derived traits they share (fig. 13).

139

Figure 13. Cladogram of Vertebrates. This cladogram contains four groups of
vertebrates: Bass, Lizard, Horse, and Monkey. The three horizontal lines represent
synapomorphies. Amphioxus is the outgroup. Source: Ereshefsky (2001, p. 72)

The second type of representation in systematic phylogenetic is the phylogenetic tree. As
I described in previous chapters, a phylogenetic tree is a diagram that depicts the actual patterns
of ancestry and descent among biological groups. These diagrams are usually branching
representations just like cladograms; however, they can exhibit different forms depending on
what biologists take the actual patterns of ancestry to be (Eldredge, 1979). Phylogenetic trees are
supposed to represent how evolutionary history unfolds, and thus provide an interpretation of
how groups are genealogically related. In this sense, phylogenetic trees contain information
about whether a biological group is the ancestor or descendent when compared to another group;
it also informs whether two groups are sister taxa, which are immediately derived from the same
ancestral group. As these relations are specified, phylogenetic trees contain information about
how groups relate across time. Sometimes temporal scales are even an explicit part of the
phylogenetic tree representation.
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Because phylogenetic trees represent relations of ancestry and descent among groups,
they represent lineages. It is not a coincidence that, when describing phylogenetic trees,
biologists very often appeal to expressions such as ‘lineage splitting’ or ‘lineage branching,’
‘lineage birth rate,’ ‘lineage duration,’ lineage diversification,’ ‘lineage fusion,’ and ‘lineage
sorting’ (Baum & Smith, 2013). Lineages are important units of phylogenetic analysis because
they are genealogical sequences or sequences of ancestry-descent relations, which connect
different groups. Evolutionary change is taken to happen within lineages such that they branch,
diversify, and so on. Because phylogenetic trees represent how these changes occur and relate to
ancestry-descent sequences, a phylogenetic tree has lineages as one of its subject matter.
Surprisingly, many biologists actually confuse cladograms and phylogenetic trees.
However, on close inspection, the differences are clear. While cladograms are ways to present
the pattern of shared, derived similarities among groups, they do not carry interpretations about
how the groups are evolutionarily related across time. So, cladograms do not involve lineages.
Alternatively, evolutionary relations across time are presented in the form of phylogenetic trees.
Trees represent actual events of speciation, branching, and evolution. For instance, while a
branching pattern in a phylogenetic tree represents an actual event, where a lineage branches into
two evolving groups, a branching pattern in a cladogram is just a device to represent the degree
of shared, derived similarities among two groups. Despite these differences, cladograms are
frequently used as a preliminary step towards building phylogenetic trees. The patterns of
similarity in cladograms function as the main evidence for discerning the evolutionary relations
among groups in trees. In the next chapter, I discuss in detail how phylogenetic trees represent
these relations. For now, I focus on the data used when constructing them.
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When phylogenetic systematics emerged, many phylogeneticists assumed that data used
to construct phylogenetic trees should not involve temporal components (Eldredge, 1979;
Schaeffer et al., 1972). For example, fossil records that appear in different stratigraphic levels
suggest a temporal order for evolution, as the fossils in lower levels would be interpreted as older
than fossils in higher or more recent levels. The sort of data that mattered for phylogeneticists
was the actual morphological aspects of the fossils, but not any temporal information collected
from their location. Excluding temporal information seemed reasonable to phylogeneticists.
According to them, phylogenetic trees should entail rather than rely on temporal information.
Using this information to build trees would result in a vicious circularity.
Since the late 1970s, there have been attempts to use temporal information combined
with morphogenetic data to infer phylogenetic trees (Norell 1992; Gingerish 1979; Fisher 2008).
In all attempts, the temporal information is useful when contrasted with hypotheses of
genealogical relations in the trees. For example, Daniel Fisher claims that phylogenetic
hypotheses are associated with expectations about temporal patterns of groups. Hypotheses about
the relationship between Homo sapiens and Pan troglodytes (chimpanzees) will generate
expectations about when these groups arose. Temporal information collected from fossils might
corroborate those expectations or not. Either way, this information provides a way to evaluate
those hypotheses that are based on shared, derived traits (synapomorphies). This means that
temporal information might provide evidence in favor or against competing hypotheses.
In phylogenetic inferences, mismatches between data and hypotheses are typical. When
using morphogenetic data, patterns of similarity from that data might not match expectations of
how the tree ought to look. This is because groups that share common ancestry might lack
certain similarities, while groups that are genealogically distant might be similar. To explain this
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mismatch, phylogeneticists often invoke ad hoc hypotheses. For example, one might cite
convergent evolution to explain why distantly related groups share certain similarities.30
When using temporal information from stratigraphic data, this information might also
mismatch the phylogenetic hypothesis. For example, if the fossil record shows groups A, B, and
C appearing in successive strata, it appears as though the group C is more closely related to B
than to A (fig. 14a, b, and c). However, suppose one expects that C is equally close to B than to
A given morphologic and other types of data (fig. 14d). The phylogenetic hypothesis is that A
and B are closely related to one another and equally related to C, but this hypothesis does not
match perfectly with the temporal data.

Figure 14. Stratigraphic Order and Phylogenetic Hypotheses. (a and b)
Groups A, B, and C in the stratigraphic order of appearance. (c) The phylogenetic
hypothesis derived from the stratigraphic order. The group C is closer to B than to
A. (d) Phylogenetic hypothesis that group C is equally close to A and B. The
asterisks indicate the postulation of ghost lineages. Source: Fisher (2008, p. 373)

Phylogeneticists rely on ad hoc hypotheses to deal with mismatches between temporal
data and phylogenetic hypotheses. This mismatch sometimes leads one to revise the original

30

Convergent evolution happens when distinct lineages evolve the same trait independently. This occurs due to
various factors, such as common environmental regimes.
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phylogenetic hypothesis, but many times it leads to explanations of why one should expect the
mismatch in the first place. These explanations are ad hoc hypotheses. They add to the original
phylogenetic hypothesis in order to save it from being falsified.
To construct ad hoc hypotheses, phylogeneticists often assume the presence of what is
known as ‘ghost lineages.’ Ghost lineages are lineages that are predicted to occur based on the
structure (genealogical relations) of the phylogenetic tree, but they are not (yet) observed in the
fossil record (Norell, 1992, p. 105). Consider again the example where the fossil record suggests
that the group C is closer to B than to A, but our phylogenetic hypothesis suggests that C is
equally distant from B and A. One way to account for this difference in C’s relationship to the
other groups is to say that there was a branching event between lineages leading to A+B and C
(fig. 14d). That branching event created a lineage that persists at least up to the point where we
find the group C in the strata. This lineage is a ghost lineage because we do not find traces of it
in the fossil record. While the fossil record suggests that group C appeared in later strata, the
phylogenetic hypothesis indicates that there was a lineage leading to group C. The ad hoc
hypothesis is that the ghost lineage was not preserved. Hence, to explain the mismatch between
the temporal data and our original phylogenetic hypothesis, we postulate a ghost lineage.
The foregoing analysis suggests that the concept of lineage helps the integration of
temporal data into phylogenetic analyses. First, this integration depends on a fundamental
evolutionary assumption when using temporal data. The assumption is that the groups we
observe in the fossil record are lineages with a certain duration, which are each connected by
common ancestry. Without this assumption, we cannot infer that the order of which fossils
appear is indicative of ancestry-relations and parentage. In this sense, the integration of temporal
data in phylogenetic analysis depends primarily on the assumption that temporal data gives us
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evidence about lineages. Hence, the concept of lineage underlies the interpretation of temporal
data.
Second, the integration of temporal data into phylogenetic analysis depends on biologists
dealing with eventual mismatches between the temporal data and phylogenetic hypotheses
(usually based on morphogenetic data). Integration cannot occur if one fails to account for cases
where the temporal data and phylogenetic analysis do not match up. As previously discussed,
biologists appeal to ad hoc hypotheses to explain these mismatches and these hypotheses
postulate ghost lineages. Therefore, the integration of temporal data into phylogenetic analysis
depends on the concept of lineage. Without postulating the existence of lineages, the conflict
between temporal data and phylogenetic hypotheses would often remain and, thus, the use of
these data in phylogenetics would be questioned.
The concept of ghost lineages and the integration that it promotes between temporal data
and phylogenetics have various consequences for evolutionary studies. According to Mark
Norell, ghost lineages are important elements of diversity (1992, p. 107). Hypotheses of ghost
lineages influence the understanding of how much diversity there was in the past, and how the
present diversity developed. Ghost lineages make us re-evaluate hypotheses of extinction,
duration, and origination of lineages. As a consequence, ghost lineages can influence the study of
major events in evolutionary history, such as mass extinctions (1992, p. 110).
More generally, the integration of temporal data in phylogenetics enables a close
connection between the work of phylogeneticists and paleontologists. Phylogenetics can provide
hypotheses about what paleontologists should expect to find in the fossil record, whereas
sequences in the fossil record may or may not support phylogenetic hypotheses. The postulation
of ghost lineages might lead paleontologists to search for new groups in the fossil record. It
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might also lead phylogeneticists to create new hypotheses about the synapomorphies (shared
traits) and evolutionary features of these unobserved lineages and related taxa. To summarize,
the integration promoted by the lineage concept has significant consequences for evolutionary
studies and the relation between phylogenetics and paleontology.
Before I move on to the next section, it is important to recognize how imprecision matters
to the integration of temporal data in phylogenetics. The concept of lineage underlying this
integration is imprecise. More accurately, ghost lineages are lines of descent, genealogical
sequences; however, there is no specification of the boundaries of such sequences. This is the
source of imprecision that is important in this case of integration. Phylogeneticists and
paleontologists use the notion of ghost lineage to refer to genealogical sequences without
assuming a precise criterion for what counts as part of the same sequence. These sequences
might contain all descendants from a single common ancestor or not (i.e., they might be
monophyletic or paraphyletic groups). By leaving this aspect of lineages under-specified,
biologists can formulate ad hoc hypotheses about ghost lineages without assuming much
information about them. These hypotheses do not hinge on issues relating to the definition or
individuation of lineages. As a result, the integration of temporal data in phylogenetics does not
hinge on the same issues. This integration is not limited or constrained by specific definitions of
lineage.
4.3.3 Integrating Phylogenetic Methods into Developmental Cell Biology
Now I turn to the last example of integration involving the concept of biological lineage.
In developmental biology, one finds that the concept of biological lineage is frequently applied
to the level of cells. The expression ‘cell lineage’ refers to all cells descending from a single cell
progenitor (usually a stem cell), and the study of cell lineages became prominent since the early
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19th century (Dröscher, 2014). In these studies, biologists investigate how cells divide and
differentiate, such that they lead to various types of adult cells, tissues, and organs (see also
sections 2.2, 2.8, and 3.2.5). For this reason, the study of cell lineages is important to the
understanding of embryology, morphology, and various branches of developmental biology.
Recently, these studies integrate methodologies coming from phylogenetics (Frumkin et al.,
2005; Salipante & Horwitz, 2007). While scientists originally used these methodologies to
reconstruct lineages of organisms and species, developmental biologists started using them to
reconstruct lineages of cells.
Developmental biologists often reconstruct cell lineage trees. These trees are
representations of how cells diversify and share a common descent within an organism (Wu,
2020). There are different methods for reconstructing these trees, but more recently, independent
groups of biologists arrived at a new and promising method. This method applies various
features of traditional phylogenetic methodologies to the cellular level (Frumkin et al., 2005;
Salipante & Horwitz, 2006, 2007; Wasserstrom et al., 2008). This method uses the DNA of
somatic cells to reconstruct cell lineage trees. During the process of cell division, somatic cells
create almost identical DNA copies, but often these copies contain random and small mutations.
As somatic cells keep dividing, these small mutations accumulate and produce genetically
diverse cells. In other words, as an organism develops, the DNA of its somatic cells becomes
more diverse. This idea is analogous to one of the guiding principles of phylogenetics: as
speciation occurs and species change through time, the DNA of organisms from different species
also tends to become more different. So, phylogenetics assumes that the more genetically similar
organisms and species are, the closer they are in terms of genealogical relation. Developmental
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biologists conclude that the more genetically similar cells are, the closer they are genealogically
(Wasserstrom et al., 2008, p. 1).31
As a result of these analogous principles in phylogenetics and developmental biology,
some methods and algorithms used in phylogenetics are integrated into the practice of
reconstructing cell lineage trees (Frumkin et al., 2005, p. 0383). For instance, the reconstruction
of cell lineage trees usually relies on Likelihood or Bayesian inference rules, as with the
reconstruction of species trees. Additionally, the software employed at different stages of these
reconstructions is the same (Salipante & Horwitz, 2006, p. 5354).
Biologists use the notion of biological lineage when integrating phylogenetic methods in
developmental biology. When phylogeneticists and developmental biologists use the concept of
biological lineage, it becomes clear that they often have a similar overall goal. They aim to trace
genealogical sequences either at the level of cells or organisms and species. Moreover, the notion
of biological lineage suggests to biologists that they can achieve their goal by using similar
methods. Why? The concept implies that one can use genetic change to track genealogies at the
cell level, just as they can be used to track genealogies at the species level. I explain this point in
what follows.
The broad, under-specified meaning of ‘lineage’ implies the idea of material overlapping
among entities. This idea means that descendants either receive some material from their
ancestor, or they receive a copy of that material, or both (Booth, 2014; Griesemer, 2000). Genes
are the paradigmatic sharing material across the generations of a biological lineage (Dawkins,
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This is an oversimplified formulation of the analogous principles for phylogenetics and developmental biology.
An adequate formulation of these principles requires us to qualify what counts as the relevant type of similarity for
each of them. Still, this qualification does not matter in the context of my discussion, since I only aim to show that
developmental biology adopts analogous principles and methods coming from phylogenetics.
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2006; Hull, 1980). Hence, when biologists use the concept of biological lineage, they often (if
not always) assume that genes transit across the generations of a lineage. This assumption is
correct and applies to both cell and species-level lineages. Cells in a genealogical sequence have
genetic overlap, as much as organisms in a genealogical sequence of species.
The imprecise concept of biological lineage implies material overlap, and this implicit
idea opens a possibility for methodological integration. Methods that use material overlap to
track lineages at a particular level might help to track lineages at a different level. This
possibility occurs in the case of cell and species-level lineages. Given the genetic overlap within
cell and species lineages, one can expect using genes to reconstruct both levels of lineages.
Genetic mutations have been explored in reconstructing species lineages, but there is no
principled reason why they cannot also reconstruct cell lineages. As a result, many of the
mathematical analyses and algorithms in phylogenetics can be useful for developmental
biologists. These biologists can realize the usefulness of phylogenetic methods by recognizing
what is common between the study of cell lineages and phylogenetics. What is common is the
idea that genealogical sequences have material overlap, and this commonality enables us to
reconstruct cell and species lineages using the same methods. The notion of biological lineage
conveys this idea, and thus it helps developmental biologists to recognize the possibility of
integrating phylogenetic methods into their work. This concept is a label that helps this
recognition and, thus, that integration.
The concept of biological lineage facilitates the integration mentioned above, but it is not
obvious how its imprecision relates to methodological integration. As described in previous
sections, a source of imprecision with this concept concerns what counts as ‘entities.’ This
concept does not specify the entities that form lineages but rather applies to entities at different
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levels. This imprecision helps the integration of phylogenetic methods into developmental
biology because it highlights something that different levels have in common, namely entities
that form genealogical patterns with material overlap. As a consequence, this concept highlights
the possibility of using methods concerning one level of lineage to study another level. This
possibility becomes explicit when biologists define the concept of biological lineage without
specifying a particular level or type of entity. In summary, it is this imprecision that makes the
notion of biological lineage suitable for the integration of phylogenetic methods into
developmental biology. In the conclusion of this chapter, I compare this case of integration with
the previous ones, and I extract some general lessons for the philosophy of science.
4.4 Conclusion of the Chapter
The three cases above illustrate how the concept of biological lineage helps scientists
integrate different aspects of science. In the first example, biologists use this concept to integrate
the evolutionary principle of common ancestry to classificatory practices. When biologists
incorporate this principle into their work, they use – explicitly or not – the concept of lineage.
This concept is implicit in the transition from classification to systematization. Moreover,
biologists use the concept of lineage to highlight that species are genealogical entities, persist
through time (i.e., have a temporal dimension), evolve, and form monophyletic groups. These
definitions of species indicate that biologists adhere to the principle of common ancestry, other
evolutionary ideas, and the practice of systematization. G. G. Simpson (1951) illustrates this
adherence. This biologist used the concept of lineage to formulate a definition of species that
could be adequate to both evolutionists and paleontologists. Given that this concept is imprecise,
one can use it across schools of taxonomy. This concept signals the integration between
evolutionary principles and classificatory practices.
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In the second example, biologists integrate temporal data into the phylogenetic analysis.
They consider the sequence of fossils as information relevant to this analysis. Scientists use the
concept of biological lineage to formulate ad hoc hypotheses to account for occasions in which
temporal data and phylogenetic hypotheses (based on morphogenetic data) do not align in those
analyses. Without the possibility of formulating these hypotheses, the integration of temporal
data is not possible. For this reason, it is important to use an imprecise notion of lineage. Ad hoc
hypotheses are formulated using the notion of ghost lineage, i.e., an extinct lineage whose
existence is assumed, but no fossil evidence was found yet. The imprecision of the concept of
lineage guarantees that biologists can formulate ad hoc hypotheses about ghost lineages without
assuming much information about them. As a result, the integration of temporal data into
phylogenetics does not depend on issues of how to define and individuate lineages.
Finally, the third example of integration involves the use of phylogenetic methods in
developmental biology. Phylogenetic methods were first designed to reconstruct species
lineages, but they can also apply to cell lineages. The concept of biological lineage highlights the
common features of species and cell lineages, such that biologists can easily recognize the
possibility and promise of applying the phylogenetic methods to the cellular level. The concept
of lineage is a label indicating that different types of entities form genealogical patterns, such
that one can use phylogenetic methods across levels. This label is effective because it applies to
lineages at different levels and, thus, it suggests a commonality among these levels. As a result,
biologists can easily recognize that they can integrate these methods in developmental biology.
So as described, each example shows a different type of scientific integration. The first
example characterizes the integration of a theoretical principle into scientific practices. The
concept of lineage expresses the principle of common ancestry, which changes classificatory
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practices and species definitions in the 20th century. The second example describes the
integration of a new type of data (temporal) into a scientific analysis and representation. The
concept of lineage enables the formulation of hypotheses that are necessary for the integration of
temporal information in phylogenetics. The third example concerns the integration of a particular
methodology in a new area of biology. Scientists began applying phylogenetic methods in
developmental biology, as they recognize that these methods work for the analysis of lineages at
different levels of biological organization.
In the beginning of this chapter, I described how the concept of evolutionary novelty
facilitates integration in science. This concept identifies a problem agenda, i.e., an
interdisciplinary problem. Hence, it helps biologists to recognize this problem and how it
connects questions, methodologies, and areas of biology. The concept of lineages does not work
in this way because it does not identify an interdisciplinary problem. This concept helps
biologists to recognize the integration of theoretical principles, data, and methodologies in
various areas of biology. However, this integration occurs case-by-case. There is no unified
problem around which this integration happens.
The concept of biological lineages also differs from the notion of molecular gene, as this
notion integrates explanatory practices. Geneticists use the concept of molecular gene with a
common epistemic goal in mind, namely to understand DNA coding. They study different phases
and products of a single, complex process. For this reason, geneticists tend to revise and adjust
their work based on each other’s findings. Geneticists form a research community and the
concept of molecular gene helps them to recognize this fact. However, the concept of biological
lineages does not promote this type of integration. The work of many biologists using the notion
of lineage is too far apart to form a research community. The contexts in which biologists discuss
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lineages are too diverse to enable them to have a common epistemic goal in any non-trivial
sense. In this sense, there is no reasonably unified explanatory practice (theories, definitions,
explanations, findings) shared by biologists interested in lineages.
The concept of lineage appears in a wide range of contexts. For this reason, it neither
identifies a unified interdisciplinary problem nor the shared explanatory practice of a research
community. However, I have shown that this concept still facilitates integration in science. This
integration is done in a case-by-case, piecemeal fashion. In other words, depending on the
specific context, the concept of lineage contributes to the integration of particular aspects of
different areas of biology. In the context of adjusting classification practices to evolutionary
theory, this concept integrates the principle of common ancestry into these practices. In separate
contexts, the same concept helps to integrate data into phylogenetics and methodologies into
developmental biology. These integrations are independent. There is no unified problem or
epistemic goal driving them.
In summary, this chapter has shown how an imprecise concept promotes three types of
scientific integration in different contexts. I have identified the sources of imprecision in the
concept of lineage and shown how they contribute to those types of integration. In this sense, the
chapter contributes to understanding the relationship between conceptual imprecision and
integration in science. This relationship is philosophically interesting for at least two reasons.
First, investigating the relationship between imprecision and integration enables us to
understand how imprecise concepts can be beneficial rather than harmful to science. Contrary to
what the common-sense view suggests, imprecision is not always an undesirable feature of
scientific language. Scientists should not always strive for precision in their concepts. Perhaps
this conclusion is easier to grasp, especially with the concepts of evolutionary novelty and
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molecular gene, which are controversial among scientists and seem to occupy a central place in
biology. My case regarding the concept of lineage indicates that the same conclusion is true for
very broad concepts that do not seem to play important roles in science. The concept of lineage
does not receive much attention and yet its imprecision is beneficial to science.
Second, my investigation mitigates the philosophical temptation of advocating for
eliminativism. Conceptual imprecision motivates philosophers to claim that scientists should
replace a concept X to avoid problems in reasoning and communication. Sometimes pluralism
also encourages this claim, as in the example of the species and lineage pluralism (Ereshefsky,
1992, 2001; see chapter 3). If one thinks that there are different types of species, one might
conclude that there is no need for a single, unified concept of species that applies imprecisely to
all types. This reasoning also applies to the case of lineages. Given that I have argued for lineage
pluralism in the previous chapter, one might be tempted to defend the eliminativism of the
concept of lineage. Yet, eliminativism finds no strong support if one considers the benefits of
imprecise concepts to science. Investigating the relationship between imprecision and scientific
integration sheds light on some of these benefits. In the next chapter, I discuss some benefits of
this integration regarding the representation of lineages.
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5. The Unforeseen Significance of Idealizing Lineages

In the previous chapter, I argued that the lineage concept facilitates scientific integration
across different areas of biology. In this chapter, I will focus on a specific area within biology,
namely phylogenetic systematics, or simply phylogenetics. I will discuss how phylogenetics
represents lineages and how this representation contributes to biological practice. Hence, I shift
the focus from how biologists use the concept of lineage to how they use visual representations
(scientific models) of lineages.
Phylogenetics constructs phylogenetic trees, evolutionary models that often represent
lineages in an inaccurate and oversimplified way. These models are highly idealized, as
philosophers and biologists have noted (Doolittle & Brunet, 2016; Velasco, 2012). Hence,
phylogenetic trees are paradigmatic examples of false models in science (Wimsatt, 2007). In this
chapter, I argue that these models are useful precisely because they contain idealized lineages,
i.e., idealized representations of lineages. These idealizations are the reason why phylogenetic
trees are so useful in biology. In summary, I will show that idealized lineages play a central role
in the usefulness of phylogenetic trees.
It might seem that the current philosophical accounts of idealization in science are
adequate to explain the central role of idealized lineages in phylogenetics. These accounts
highlight that idealizations turn false models into useful tools for inference, theorizing,
hypothesis testing, and similar activities. However, I argue that such accounts are limited. These
accounts of idealization fail to consider how phylogenetic trees help scientific laboratories with
their organizational and collaborative efforts. For instance, trees offer easy ways for laboratories
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to recruit new experts and exchange information with other laboratories. Hence, my analysis of
idealized lineages and phylogenetic trees is beneficial to philosophical debates concerning
models and idealizations in general. My analysis shows that such debates focus too much on the
importance of idealizations to representation in science while missing its significance to social
and other types of activities.
It is important to begin this discussion by providing a brief review of the philosophical
literature on false models. First, I present what scientific models are and how they can be useful
in science (5.1). Second, I describe what phylogenetic trees are and why they are paradigmatic
examples of false models (5.2). Phylogenetic trees are false models because they rely on an
idealized assumption about lineages: lineages neither exchange material nor rejoin after splitting.
This assumption leads to idealized lineages, i.e., the idealized representation of lineages as if
they do not exchange material nor rejoin after splitting. Third, I show why this idealization turns
phylogenetic trees in such useful models (5.3). This idealization underlies the capacity of using
phylogenetic trees to infer certain biological phenomena, such as lateral gene transfer (LGT), and
to test adaptative hypotheses in evolution (5.3.1). These capacities are aligned with current
philosophical accounts of idealizations. However, I end this chapter by giving some examples of
why these accounts are limited. I show that the idealized assumption of lineages allows
biologists to easily carry social and collaborative activities (5.3.2-5.3.3). For instance, I show
how the community of vertebrate paleontologists use phylogenetic trees to divide and coordinate
work among laboratories. This use of false models is, unfortunately, overlooked by philosophers.
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5.1 False Models in Science
5.1.1 Scientific Models: Three Basic Features
From 1960 to 1980, many philosophers defined scientific models using logicmathematical notions (Odenbaugh, 2009). According to them, models are set-theoretical
structures consisting of objects, properties, relations, and so on (Giere, 1999, p. 42). The main
function of these structures is to provide interpretations for the axioms of a theory (Gelfert,
2016, p. 13). In other words, models give meaning to axioms, i.e., they establish and satisfy the
conditions that make these axioms true. Hence, axioms are said to be true of models. Even
though this characterization of scientific models provides a useful way to understand scientific
theories, it seems far removed from the empirical sciences.32 This characterization does not
correspond to how empirical scientists treat models, as many critics claim.
Ronald Giere (1999, 2008) is one critic of the logic-mathematical view of models. He
argues that if philosophers want to understand how scientific models work, then a different
characterization of scientific models is necessary. Giere (1999) argues that scientists do not treat
models as interpretations of axioms, but rather, as physical or abstract objects that represent the
world (p. 44). The main function of models is to represent portions of reality. This function is the
first basic feature of scientific models, as most philosophers agree (M. S. Morgan & Morrison,
1999; Van Fraassen, 2008; Weisberg, 2013; Wimsatt, 2007). I will illustrate this feature with
some examples.

32

This logic-mathematical characterization of models is part of a semantic view of theories. According to this view,
theories are collections of models rather than sets of axioms (Van Fraassen, 1980). Since the 1970s, the semantic
view gained much acceptance among philosophers of science (Winther, 2016).
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Maps are models. They are objects that represent features of the world, such as parts of a
city. For example, a map of downtown Calgary shows the spatial relations between streets,
avenues, parks, and other parts of downtown Calgary (fig. 15). This geographic region is the
target system of the model, i.e., the portion of the world the model aims to represent. The
representation of downtown Calgary has a graphical display, as shown:33

Figure 15. Map of Downtown Calgary. Source: Google Maps goo.gl/F5Co4B

Scientific models represent target systems through a particular display. While maps have
a graphical display, some models are three-dimensional physical representations of a target

33

As Giere (1999) recognizes, it is possible to offer a logic-mathematic characterization of maps as models. One can
create a “language-like version of any map,” such that the map would instantiate binary codes or mathematical
coordinates (Giere, 1999, p. 44). Even though the logic-mathematic characterization is possible, it does not help
philosophers understand how maps are actually used by tourists. To understand the use of models in science,
philosophers have to focus on the representational nature of these models, even when a logic-mathematic
characterization is possible.
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system. These models are called concrete models (Giere, 1999, p. 48). An example of a concrete
model is the Watson-Crick double-helical structure of the DNA made out of tin and cardboard.
Other models have mathematical or formal displays like equations, as in the case of the HardyWeinberg equilibrium model (Weisberg, 2013, p. 10). Other types of models include
computational models, which are sets of computational procedures that represent the behavior of
a target system over time (Weisberg, 2013, p. 7). As I presented in the historical overview at the
beginning of this dissertation, the so-called MBL model of macro-evolution is an example of a
computational model (section 2.7). This model simulates how lineages proliferate and go extinct
over millions of years.34 In summary, all scientific models represent target systems in one way or
another (Gelfert, 2016; Giere, 2004, 2008; Weisberg, 2013).35
What does it mean for a scientific model to represent a target system? Different
philosophers answer this question in different ways (Suárez, 2004; Suppes, 1962; Van Fraassen,
2008).36 Giere understands representation as a similarity relation. According to him, models
represent target systems only insofar as scientists take these models to be similar to those
systems in certain respects. Consider the electric circuit represented below (fig. 16). This
representation can be considered similar to actual electric circuits in different ways. For example,
the model and target system can be similar in how the components of an electric circuit are bidimensionally organized. Alternatively, they can be similar in how they show the order of

As described in section 2.7 of this dissertation, ‘MBL’ stands for Marine Biology Laboratory, the facility in
Massachussets (US) where the model was developed.
35
Weisberg distinguishes how a model is described (displayed) from what the model is (Weisberg, 2013, p. 17). For
example, a mathematical model can be described in different forms, such as equations, diagrams, narratives, and so
on. These possible descriptions do not entail that the model is not a mathematical one.
36
Van Fraassen (1980) understand representation as an isomorphism relation. Isomorphism is an equivalence
relation between a model and an empirical system or part of the world. This equivalence relation suggests that
components of the model should relate to one another in a one-to-one manner in the same way components of the
empirical system relate to one another.
34

159
connection among those components. These are two distinct types of similarity relations.
Depending on what type of similarity relation(s) scientists consider relevant, the model
represents some aspects of the target system, but not others.

Figure 16. Electrical Circuit Model. Source: shorturl.at/pvF16

Giere’s (2004) understanding of representation suggests that the model of an electrical
circuit does not represent the electrical circuit by itself. The model itself can have many
similarities and dissimilarities to the electrical circuit. It is the specific use of a model by the
scientist that determines which type of similarity relation counts as representation in a particular
case (p. 747). In this sense, one can describe the relation between model, target system, and
scientists as:
S uses X to represent W for purposes P.
S is the scientist or group of scientists using the model. X is the model used to represent a
target system; W. P stands for the purpose of the scientist when using the model to represent the
system. For example, if scientist S has the purpose of investigating the order of connections
among components in an electrical circuit, she might use the electrical circuit model above to
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represent these connections. The model and target system should be similar in the relevant sense,
namely in the order of the connection. Hence, given the purpose of this scientist S, she uses a
model X to depict a specific similarity relation between X and W. In sum, the purpose of the
scientist S determines how she uses X to represent W.
For the goals of this chapter, it is not necessary to commit to Giere’s particular analysis
of representation as a similarity relation. His analysis is useful here insofar as it exemplifies the
second basic feature of scientific models, namely that representation depends on agents and their
purposes in particular contexts (Cartwright, 1995; Van Fraassen, 2008; Weisberg, 2007). Models
only represent something when agents use them. Because the purpose of the agent in a research
context determines how models are created and used, the purpose of the agent also determines
what and how models represent. In summary, representation is not a binary relation between the
model and the world, but a triadic relation involving the model, the world, and the agent’s
purposes.37 Having stated this, let us move on to the third basic feature of scientific models.
Consider the example of maps again (fig. 15). Giere (1999) notes that maps are only
partial representations of territory because they display only some features of the territory (p.
44). The map of downtown Calgary displays spatial relations between streets, avenues, and
parks. Nonetheless, this map does not display many other features of downtown Calgary, such as
bus stops and footbridges. Additionally, Giere claims that maps are partial representations
because their accuracy is limited even when it comes to the included features (1999, p. 45). Even
though the map of downtown Calgary represents spatial relations among certain streets, these

37

Relatedly, models are said to be tools applied by the scientists to advance their research purposes. Scientists use
these tools because they have certain research purposes that require suitable representations. This idea has been
developed by many philosophers (Cartwright, 1995; M. S. Morgan & Morrison, 1999; Van Fraassen, 2008;
Weisberg, 2007). Along these lines, a pragmatic approach to representation and scientific practice has been
advanced by C. Kenneth Waters (2014, 2019).
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representations do not correspond to the actual spatial relations among the streets of downtown
Calgary. For example, the map represents these spatial relationships in a small scale.
Like maps, the other scientific models only represent target systems partially. For
example, Watson and Crick use tin and cardboard to represent the three-dimensional structure of
DNA. This model does not represent many other features of the DNA structure, such as the
biochemical functions of DNA. Additionally, this model does not provide a perfectly accurate
representation of the three-dimensional structure of DNA. The actual structure of the DNA has a
different scale than the model developed by Watson and Crick.
Giere is not the only philosopher to suggest that models do not represent target systems in
a perfectly accurate way (these include Cartwright, 1983, 1995; Wimsatt, 1987, 2007). Nancy
Cartwright points out that physicists contrast ‘idealized’ to ‘realistic’ models. This contrast
establishes a difference in the degree of how accurate models represent their target systems.
Idealized models distort the target systems and thus, to some extent, do not represent them
accurately. The more accurately a model represents its target system, the more realistic and less
idealized it is (Cartwright, 1983, p. 147).
Cartwright (1983) notes that the degree of idealization of a model depends on the
purposes of the scientist (p. 153). If a scientist wants to study a particular feature of the target
system, such as the order of connections among components in an electric circuit, then she will
construct a model that represents this order in a ‘realistic’ way while other features of the target
system might be highly idealized.38 Similarly, if a scientist wants to study the three-dimensional
structure of the DNA, then she might employ Watson and Crick’s model and even try to make it

38

In fact, the realistic representation of some elements might preclude a realistic representation of other elements in
the same model.
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more realistic. Other features of the DNA can be highly idealized in the model. Hence, the
purposes of the scientist determine where and how much idealization goes into the model.39 To
state it differently, consider, again, the formula:
S uses X to represent W for purposes P.
The scientists S has research purposes P. To attend such purposes, S uses a model X to
represent specific features of the target system W. These features have to be represented
realistically to a certain degree. Meanwhile, other features of W can be either completely
excluded or unrealistically represented when S uses the model. Idealizations are assumptions
introduced into a model, so that they distort the model by either excluding features or
representing them unrealistically. To use Giere’s terminology, idealizations are responsible for
making scientific models into partial representations.
The presence of idealizations is the third and final basic feature of scientific models that I
highlight in this section. Due to the work of Giere, Cartwright, and others, the study of
idealizations has become widespread in the philosophical literature and philosophers agree that
most, if not all, scientific models contain idealizations (Potochnik, 2017). One finds examples of
idealizations across sciences. A classic example in physics is the assumption of frictionless
planes when physicists model the motion and acceleration of objects (Potochnik, 2017, p. 43). To
assume that a plane is frictionless is a distortion because there are no frictionless planes. In
biology, models in population genetics assume that populations are infinite or almost infinite in
size, but this assumption is an idealization because populations are limited in size. In economics,
modeling the behavior of markets often assumes that humans are perfectly rational agents. This

39

This is not to say that only the choices of the scientist determine how much idealization goes into the model.
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assumption distorts the fact that humans are not perfectly rational agents. These and other
examples illustrate how pervasive idealizations are in science.
The presence of idealizations in science is perplexing. If we assume that science is
pursuing knowledge, it is puzzling as to why scientists would want to distort their models using
idealizations. Idealizations are very often knowingly false, as the examples of a frictionless plane
and infinite population size shows, or highly doubtful. For this reason, they seem to be obstacles
to the scientific quest for knowledge. When scientists incorporate or maintain idealizations in
their models, they risk making this model false or highly disputable. As a consequence, scientists
risk making their investigations and results very questionable. But if idealizations are obstacles
to knowledge, why do scientists choose to employ them so frequently?
Traditionally, philosophers have solved this puzzle by claiming that idealizations are not
obstacles to knowledge but are rather means to it. In particular, philosophers offer different
accounts of how idealized models are useful to scientists’ quest for knowledge (e.g., Cartwright,
1983; Morgan & Morrison, 1999; Wimsatt, 1987, 2007). In what follows, I present some of the
most prominent accounts. These accounts show that idealizations determine both the falsehood
and the usefulness of scientific models. This discussion lays the groundwork for my treatment of
phylogenetic trees and idealized lineages in the remainder of the chapter.
5.1.2 Idealizations
Idealizations are assumptions made when scientists construct and use a model. As Angela
Potochnik (2017) defines it, these assumptions are made without regard for whether they are true
and often with the full knowledge that they are false (p. 42). In other words, idealizations are
false or doubtful assumptions that deliberately underlie a model in use. They distort or exclude
facts about the target system and therefore misrepresent it to some extent. Recall, for instance,
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that physicists accept the false assumption of frictionless planes to calculate the motion and
acceleration of objects. The introduction of this assumption distorts what happens because such
movement and acceleration never occur on a frictionless plane.
The idea that models misrepresent is a widely accepted view among philosophers of
science (Cartwright, 1995; Giere, 1999; Wimsatt, 1987). Philosophers usually express this idea
by claiming that scientific models are false (Downes, 2011; Gelfert, 2016; Odenbaugh, 2009).
Scientific models are false in the sense that they misrepresent target systems to some extent.40
Idealizations are a cause of this misrepresentation, and therefore, they render scientific models
false.41 Falsehood seems to present a puzzle, especially if philosophers assume that scientific
models have to provide a completely accurate representation of target systems to be useful for
science. Fortunately, many philosophers have moved away from this naïve view and, instead,
investigate how idealized, false models are useful in science (Potochnik, 2017; Weisberg, 2013;
Wimsatt, 2007).
William Wimsatt describes false models as “means to truer theories” (1987, 2007). These
models do not represent phenomena in a completely accurate way, but yet can help scientists to
increase the truth content of scientific theories and representations (2007, p. 104). False models
allow scientists to test hypotheses, infer novel aspects of a phenomenon, and arrive at better
theories and gain more knowledge. For example, a model containing many idealizations can
serve as a starting point for the construction of models with “increasing complexity and realism”

The expression “false models” might be misleading. Some philosophers might claim that models cannot be false,
but only propositions and their corresponding statements can be false (McGrath & Frank, 2018). This claim does not
influence the content of my arguments whatsoever. I choose to use ‘false models’ because it is congruent with the
current literature in philosophy of science.
41
Idealizations is not the only cause for scientific models be false. For instance, Wimsatt indicates many other
causes, such as local applicability and incompleteness (Wimsatt, 2007, p. 100).
40
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(2007, p. 104). Scientists use a highly idealized, false model to help them at the initial stages of
research. They introduce idealizations in a model to oversimplify it, so that scientists can use the
model to start gathering information about a complex phenomenon (i.e., target system). As the
research develops, scientists can use this information to refine that initial model and gradually
make it more complex and accurate. This research process results in increasingly correct theories
about complex phenomena.
Recently, Michael Weisberg distinguished three types of idealizations in science (2007,
2013): (1) Galilean idealization, (2) minimalist idealization, and (3) multiple-models
idealization. Galilean idealizations simplify models to make them mathematically or
computationally tractable (2013, p. 99). For instance, when investigating a complex target
system, scientists might not be able to model such a phenomenon accurately due to mathematical
or computational limitations. Still, scientists can create a simplified model by idealizing many
features of the target system. These idealizations make the model easy to manipulate, and thus
allow scientists to start investigating the complex phenomenon (see also McMullin, 1985). In
this sense, false models with Galilean idealizations are useful because they allow scientists to
start investigations that would not be possible otherwise. In the future, as science and technology
progress, scientists can choose to drop these idealizations and construct models that are more
mathematically and computationally complex.
Weisberg’s second type of idealization is minimalist idealizations. These idealizations
simplify models to highlight only certain relevant features of the target system under study. For
example, scientists use the Ising model to study the ferromagnetic properties of metals (2013, p.
100). This model represents the atomic particles of metals as points along a line. The model
abstracts away many features of these particles, such as their three-dimensional structure, since
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these features are not relevant to the study of the ferromagnetic properties of metals. Minimalist
idealizations are responsible for abstracting such features. Hence, models with minimalist
idealizations are useful because they allow scientists to study only the specific features of a
phenomenon that matter in a research context.
Philosophers think minimalist idealizations are important mainly because they connect to
scientific explanations (Batterman, 2002; Bokulich, 2011; Potochnik, 2017; Strevens, 2008;
Wimsatt, 2007). They claim scientists can develop adequate scientific explanations based on
models containing minimalist idealizations. These models only represent the relevant features of
a target system relative to a research context; for this reason, they can give rise to explanations
that are adequate to this particular context. Hence, such models are useful because they highlight
“a special set of explanatorily relevant causal factors in the target system” (Weisberg, 2013, p.
103). For example, the Ising model highlights certain core causal factors of why certain atomic
particles attract magnetism and others do not. As a result, the Ising model is a useful basis for
formulating explanations of ferromagnetism that only describe such core causal factors.
Weisberg’s third type of idealization is multiple-model idealizations. These idealizations
allow different models to represent different features of the same target system. For instance,
ecologists construct multiple models of predation. Each model of predation has distinct aims
(2013, p. 103). Some models aim for representing general patterns of interaction between
predator and prey, while others aim for accurate predictions of predation in a particular
environment. Since the same model cannot meet all goals, scientists construct models with
different idealizations. These models represent different features of predation and, therefore, can
achieve different aims. Idealizations help ecologists abstract some features away while
highlighting others. In this sense, each model contains a different set of idealizations. Multiple-
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model idealizations are useful; they allow scientists to create and use models that highlight
different features of the same phenomenon, so that scientists can investigate all these features.
More recently, Angela Potochnik (2017) offers a criticism of various philosophical
accounts of idealizations. Her claims apply explicitly to Wimsatt and only somewhat implicitly
to Weisberg. She criticizes these philosophers for focusing too much on the relation between
idealizations and truth.42 According to this emphasis, idealizations are valuable only to the extent
that they help scientists achieve knowledge and veridical representations. This idea is clear in
Wimsatt, to whom idealized models are “means to truer theories.”43 Wimsatt highlights that
idealized models lead to novel hypotheses, inferences, and activities that produce theories with
more truth content (2007, p. 104).
The focus on truth is not explicit, but it is also somewhat shared by Weisberg. When
describing Galilean idealizations, he claims that idealized models facilitate the study of complex
phenomena until more accurate models can be developed (2013, p. 100). Accurate models offer a
veridical representation of target systems. In this sense, the goal of scientists is still to arrive at
veridical representations, but the only way to do so is to start with models containing Galilean
idealizations. Similarly, multi-model idealizations are valuable because they allow scientists to
arrive at the truth. These idealizations allow scientists to use various models to predict,
generalize, and infer different kinds of information about the same phenomenon. While each
model is limited in its own way, the use of multiple models helps scientists circumvent these
limitations and acquire knowledge about the target system.

As used by Potochnik, and in this chapter, the term ‘truth’ neither presupposes a theory of truth nor a position in
the realism-anti-realism debate. The term refers to the commonsensical idea that science is after knowledge that
allows us to understand and manipulate aspects of the world.
43
This expression gives title to Wimsatt’s seminal paper on false models (1987). This paper then gave rise to a
chapter in Wimsatt’s 2007 book.
42
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Potochnik (2017) suggests that the focus on truth is too restrictive. According to her, this
focus is problematic because science has goals other than getting at the truth. However, the
discussion of these goals is not relevant to my purposes in this chapter. Rather, I am interested in
another, related focus, shared by Wimsatt (2007) and Weisberg (2013). This focus concerns how
idealized models contribute to representational activities. As I noted, Wimsatt (2007) and
Weisberg (2013) discuss how idealized models contribute to activities like theorizing,
formulating hypotheses, explaining, and modeling. These activities directly generate
representations, i.e., they result in scientific products like scientific statements, inferential and
hypothetical claims, better models, and so on. These products are things that can be deemed true,
veridical, correct, or accurate. Hence, when those philosophers focus on truth, they are also
implicitly focusing on representational activities.44
The emphasis on representational activities is clearly exemplified by the work of Wimsatt
(2007) and Weisberg (2013). For example, Wimsatt (2007) offers a list of twelve contributions
that idealized models can make to science (pp. 104–105). All these contributions are ‘means to
truer theories’ and generate representations. Likewise, the three types of idealizations listed by
Weisberg also focus on representations. First, Galilean idealizations help scientists begin
investigating a complex phenomenon by leading to some initial theories, inferential claims, basic
information, and explanations of that phenomenon (Weisberg, 2007, p. 4). Second, minimalist
idealizations help biologists construct models representing only the core features of a
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To put it differently, philosophers focus on how idealizations contribute to the content of science. This content is
usually propositional (true or false) and, thus, expressed by statements (axioms, hypotheses, explanations, theories).
The content of science can also be expressed graphically in models themselves. For example, a hypothesis about the
genealogical relationship between two species can be graphically represented in a phylogenetic tree. I call
‘representational activities’ any activity that directly and necessarily results in scientific content, i.e., a statement,
model, graphic representation, etc.
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phenomenon under study. These idealized models lead to explanations of that phenomenon.
Finally, multiple-model idealizations help biologists circumvent the limitations of each separate,
idealized model. Weisberg emphasizes that using various models leads to comprehensive
theorization, understanding, and claims about the phenomenon (2007, p. 11). As with Wimsatt,
Weisberg focuses on how idealized, false models produce representations in science.
Potochnik criticizes the focus on truth, but not the emphasis on representational activities.
In fact, she shares this perspective with Wimsatt and Weisberg. Potochnik claims that
idealizations are valuable to scientists because they lead to understanding (2017, p. 91).45
Idealizations contribute to understanding when they meet a standard of “epistemic acceptability”
(2017, p. 100). The idea is that idealizations are adequate if they diverge from truth to an
acceptable level, given the purpose of the representations that contain them. In other words,
idealizations can be ‘less than true’ or ‘true enough’ and still contribute to understanding. This
characterization suggests that understanding involves representations. After all, representations
are things that can be ‘less than true’ or ‘true enough.’ Hence, while Potochnik rejects the focus
on truth shared by Wimsatt (2007) and Weisberg (2013), she assumes the underlying emphasis
on representational activities.
There is no doubt that idealized models are means to adequate representations about the
world. An important goal of scientists is to achieve such representations. Nonetheless, the focus
on representational activities is too restrictive. This emphasis obscures other roles of
idealizations in science. It obscures how idealized models contribute to non-representational
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In the beginning of Idealization and the Aims of Science (2017), Potochnik claims that there are many, intertwined
valuable reasons why scientists idealize models. Yet, the key contribution in most of the book is the view that
understanding is the primary value of idealizations. Hence, her approach of idealizations is narrower than it might
first appear.

170
activities, ones that do not generate representations in themselves. Examples of such activities
include the recruitment of experts to a research project, the division of labor between
laboratories, and the organization of scientific collaborations. While these activities do not
directly and necessarily generate representations, they are still central to the scientist’s daily
work (Waters, 2014, 2019; Woody, 2015). Thus, a complete philosophical account of
idealizations should take into consideration non-representational activities.
The general philosophical lesson of this chapter is that idealizations play an important
role in how false models can promote non-representational activities. The ways in which models
are idealized make them useful for those activities. To make this point, I introduce the case study
of phylogenetic trees.
5.2 Modeling Lineages in Phylogenetics
5.2.1 Phylogenetic Trees
As I discussed in previous chapters, phylogenetic trees are models that represent
evolutionary history (Hennig, 1966). Phylogenetic trees can represent the evolutionary history of
particular groups, such as the history of mammals, but they can also represent the evolutionary
history in its entirety. In the latter case, the phylogenetic tree is called the tree of life (TOL).
Additionally, phylogenetic trees can represent evolutionary history at different biological
organization levels. One might represent the evolutionary history of genes, cells, organisms, or
species (Doolittle & Brunet, 2016; Haber, 2012; Maddison, 1997). Despite the differences
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among these target systems, phylogenetic trees represent them in the same way: a tree-like
pattern of successive branching or bifurcations (fig. 17).46

Figure 17. Alternative Displays of Phylogenetic Trees. Despite possible
differences in orientation and geometry, phylogenetic trees show bifurcating
patterns. In this image, the same tree has three alternative displays.

Phylogenetic trees do not represent every aspect of evolutionary history. First and
foremost, they represent the ancestry relations produced throughout this history. For instance,
genes replicate and create sequences of genetic copies with ancestry-descent relationships. Cells
also replicate and form ancestry-descent cell sequences. Likewise, organisms reproduce and
form ancestry relations with one another. One might also claim that when new species arise, they
become the descendants of an ancestor species. Phylogenetic trees represent ancestry relations at
any one of these levels. In this sense, the letters in figure 17 might stand for genes, cells,
organisms, or species. Whatever these letters stand for, figure 17 shows specific ancestry
relations among them. A and B share a most recent common ancestor that is different from the
one shared by C and D.
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In this section, I focus on rooted phylogenetic trees. Rooted trees are crucial to many practices in phylogenetics
and they contain more information than unrooted trees. For instance, they inform biologists about the flow of time
and the direction of trait evolution (Baum & Smith, 2013, p. 61). Besides the features of time and trait evolution,
everything I expose here about rooted trees also applies to unrooted ones.
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When biologists construct phylogenetic trees at a given level, they usually abstract from
representing the ancestry relations between entities at other levels. For example, a phylogenetic
tree representing ancestry relations between species does not represent the intricate and complex
relations between each organism within those species (fig. 18).47

Figure 18. Ancestry Relations within Lineages. Trees usually do not represent
these complex connections and characterize lineages as single lines running
vertically, diagonally, or horizontally. In this picture, the left-side lineage
represents the complex connections among sexual entities, while the right-side
lineage represents the connections among asexual entities. Source: de Queiroz
(1999, p. 52)

Instead of representing such intricate relations, biologists usually represent only their
aggregate result in the form of a line connecting an ancestor species to its descendant species.
Each line in a phylogenetic tree represents a lineage (see sections 2.5 and 4.3). Lineages are
direct sequences of entities in ancestor-descent relations, such as a direct sequence formed by an
ancestor species and one of its descendant species. Yet, a lineage of species is formed by
populations of organisms persisting over time (Baum & Smith, 2013, p. 38). These populations
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In section 2.3, I briefly present the work of Teuerman (1924). This paleontologist was interested in species-level
lineages, while also interested in describing the complex relations among sexual organisms within those lineages.

173
are not represented explicitly in phylogenetic trees and, for this reason, the complex relations
among organisms are also left out. Similarly, a phylogenetic tree of genes has single lines
connecting certain genetic mutations to their genetic ancestors (see also section 2.4). Each line
represents a lineage of genes and abstracts away the details of these lineages (fig. 19).

Figure 19. Gene Tree. Duplication led to the splitting of gene lineages that gave
rise to three types of genes α, β, and γ. Lines represent different lineages and
abstract away details. Source: Zmasek & Eddy (2001, p. 822)

As represented in phylogenetic trees, lineages split or branch into two or more lineages.
Biologists are especially interested in identifying the points at which lineages split.48
Traditionally, splitting helps explain how evolution produces diversity from a few common
ancestors (Darwin, 1859/2009). The variety of lineages today results from many lineages
splitting events over the past. In this vein, biologists construct phylogenetic trees to represent
sequences of lineage splitting events that have occurred in evolutionary history (Baum & Smith,
2013; Wiley & Lieberman, 2011). Often, biologists aim at dating splitting events and
determining a timeline for the evolutionary origins of different lineages (fig. 20). Hence, it is
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In the specific case of phylogenetic trees of genes, or gene trees, splitting is equivalent to the expression
“coalescent event” (See the section 2.4). Lineage splitting is due mostly to duplication events, when a single DNA
region gets copied in the chromosome.
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common for phylogenetic trees to have a timescale, and this is one of the features that
distinguishes them from mere cladograms (see section 4.3.2).

Figure 20. Phylogenetic Tree of Bear Species. The time axis at the bottom
indicates when speciation occurred, leading up to the current eight existing
species. This tree is based on nuclear DNA samples. Source: Kutschera et al.
(2014, p. 2007)

As illustrated above, phylogenetic trees usually represent lineages at the level of species.
Species are lineages formed by co-specific populations connected by ancestry relations (De
Queiroz, 1999). Lineage splitting is simply speciation. It occurs when a species gives rise to new
species. In this sense, species trees represent sequences of speciation events, and these events
give rise to specific ancestry relations among species (Nichols, 2001). Ultimately, these trees
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represent how the diversity of species, as seen today, results from new species arising at different
moments in history.
Given that evolutionary history is a sequence of splitting events, phylogenetic trees have
a tree-like shape. Because lineages split continuously, they resemble branches of a tree. Each
branch splits out from another branch outwards. Hence, if we trace the tip of every branch to the
trunk of the tree, we can notice that the shape of the tree is a succession of branching events. The
starting point of a tree is the trunk and the starting point of a phylogenetic tree is a common
ancestor. The tree and its branches grow out of the trunk, as the lineages evolve and split from
this common ancestor. In this sense, the tree seems to be an adequate metaphor for the type of
model that phylogenetics produces.49 In summary, phylogenetic trees are models that represent
the tree-like pattern of the evolutionary history and the splitting of lineages.
Phylogenetic trees allow biologists to identify monophyletic groups (clades).50
Monophyletic groups contain a common ancestor entity and all its descendants (Wiley &
Lieberman, 2011; see also section 2.5). For example, from the phylogenetic tree of bears species,
one can infer that all polar and brown bears form a monophyletic group (fig. 20). This group
contains all polar and brown bears plus the most recent common ancestor of these two species. In
this sense, a monophyletic group contains all branches that split out of an ancestral lineage
(Baum & Smith, 2013, p. 44).
Most practitioners of phylogenetics and systematics claim that monophyletic groups are
the only natural grouping according to evolutionary principles (Ereshefsky, 2001; Wiley &
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Notice that the metaphor excludes the roots of the tree. Given their complex shape and intricate relations, roots
might not represent well the idea of common ancestry.
50
This characterization of monophyletic groups and phylogenetic trees is shared by the so-called process cladists,
which is the dominant version of phylogenetics.
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Lieberman, 2011). For this reason, one might claim that the main aim of phylogenetic trees is the
identification of monophyletic groups. Each lineage splitting event allows easy identification of a
monophyletic group because it generates at least two new independent descendant branches from
an ancestor lineage. The branching point of a lineage determines the boundaries of a new
monophyletic group containing that lineage and the branches that descent from that point. Hence,
as successive splitting events occur, new branches arise and a hierarchy of monophyletic groups
can be identified (again, fig. 11).

Figure 11. Hierarchy of Monophyletic Groups. The numbers 1 to 7 indicate
seven monophyletic groups. Each group contains an exclusive common ancestor
and all its descendants. Each group has an assigned number from 1 to 7. Clade 7
contains all other clades. Clade 6 contains clades 3,4, and 5. Clade 5 contains
clades 3 and 4. Clade 2 contains clade 1. Source: Jonathan Hendricks
https://www.digitalatlasofancientlife.org/learn/systematics/phylogenetics/treesclassification/

In summary, phylogenetic trees represent lineages splitting in sequence. This sequence
generates a tree-like shape and enables biologists to easily identify monophyletic groups on the
tree. Before moving to the next section, I will describe another important feature of trees, namely
how they represent trait distribution.
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Phylogenetics distinguishes between characters (i.e., traits) and character states.
Characters are types of characteristics, such as ‘hair color,’ while character states are alternative
forms that these characters can have, e.g., ‘black hair’ and ‘brown hair’ are states of the character
type ‘hair color’ (Baum & Smith, 2013, p. 80). Evolution occurs when ancestral character states
(i.e., those already present in the lineage) change into derived character states (i.e., those that
arise in the lineage and replace the ancestral ones). One assumes that an ancestral lineage has
some ancestral character states that will evolve into derived character states, which will be
shared by the new branches arising from that ancestral lineage.
Lineage splitting determines how phylogenetic trees represent trait distribution. The
change from ancestral to derived character states occurs as lineages persist over time. Once the
lineage splits, those derived traits pass onto the descendant branches. In this sense, biologists
infer that these branches share derived traits (i.e., synapomorphies) because they have a most
recent common ancestor with the same trait. If biologists identify the derived traits shared by two
lineages, they can group them as part of the same monophyletic group, i.e., as lineages that split
from the most recent common ancestor.
Many phylogenetic trees in the literature indicate the point in the tree where an important
derived trait arises. The figure below presents simplified examples of trait distribution in
phylogenetic trees (fig. 21).
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Figure 21. Trait Distribution in Phylogenetic Trees. Tree (a) and (b) show the
distribution of characters X and X’ among groups D, E, F, G. The difference in
distribution between (a) and (b) results from where the change X to X’ takes
place. Source: Ereshefsky (2001, p. 58)

I discussed various aspects of phylogenetics and phylogenetic trees in the previous
chapters of this dissertation (see section 2.5, 3.2.3 and 4.3.2). For this reason, there is barely new
information about trees in this section. My treatment of phylogenetic trees is introductory, but it
is sufficient to indicate the central role that lineages play in these models. I have shown that
phylogenetic trees represent lineages splitting, which give them a particular tree-like shape.
Lineage splitting determines how one identifies monophyletic groups and how traits are
distributed on the tree. Hence, the notion of lineage determines how phylogenetic trees are
represented and how one can infer information about groups and traits from it. In the following, I
present an idealization regarding lineages that underlies phylogenetic trees. This idealization
transforms these trees into false models.
5.2.2 Idealizing Lineages
Phylogenetic trees usually contain an assumption about lineage splitting. It is assumed
that once a lineage splits into two or more, these descendant lineages remain isolated (Baum &
Smith, 2013, p. 39). These new lineages neither rejoin nor exchange much genetic material, such
that each of them has a distinct evolutionary history after the splitting. Just as branches of a tree
bifurcate and then grow separately from each other, lineages split and remain sufficiently
independent from each other. Let us call this the isolation assumption of lineages.
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This assumption suggests that lineage splitting are events determining a single and
unequivocal origin for each new lineage. For instance, each species that exists today has a unique
history tracing back to a unique sequence of other species that led to it. Because no lineage is a
mixture of other lineages or descent from such a mixture, the evolutionary history of each
species is unique. It is the isolation assumption that guarantees that no lineage is a mixture or
descents from a mixture of lineages. Therefore, the isolation assumption guarantees that the
evolutionary history of lineages is unique. Next, I explain how this assumption determines the
basic features of the phylogenetic tree discussed in the previous section.
If we accept that lineages remain isolated after splitting, evolutionary history has the
pattern of a branching tree. Each splitting event determines the rise of two or more lineages that
will neither rejoin nor exchange much genetic material. These lineages will evolve independently
from one another.51 Metaphorically, they are new branches that keep growing separately in a
tree. Hence, if evolution is a succession of splitting events and these events produce isolated
lineages, then the evolutionary pattern is like a tree that is constantly branching out. By contrast,
if we accept that lineages can rejoin or exchange materials, we would be forced to claim that
separate branches of a tree re-connect to one another after branching (Baum & Smith, 2013, p.
40). The result would be a bush or a net-like pattern, instead of a tree-like one. Hence, the
isolation assumption is necessary to the idea that phylogenetic trees have a tree-like shape.
The isolation assumption is also necessary to the idea that phylogenetic trees allow the
identification of hierarchically structured monophyletic groups. After a splitting event occurs, the

Lineages influence each other’s evolution indirectly. For example, they can occupy the same environment and,
thus, establish ecological relations (e.g., predation) that influence their evolution. The isolation assumption does not
concern this type of influence. Rather, this assumption claims that lineages do not exchange genes or traits and, thus,
the changes occurring within a lineage do not origin in another lineage.
51
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descendants of that event and its ancestor can be grouped as a clade, i.e., a group containing an
ancestor and all its descendants. As other splitting events follow, new clades will be formed
within that first monophyletic group. This dynamic allows us to identify a hierarchy of
monophyletic groups. Each monophyletic group is unequivocally part of another monophyletic
group (again, see fig. 11). As a result, no lineage can belong to more than one monophyletic
group unless these groups are part of one another.
This hierarchical structure depends on the fact that each group has a single, unique
common ancestor. Furthermore, it depends on the isolation assumption. If lineages can rejoin or
exchange enough genetic material, the hierarchical structure becomes compromised (Velasco,
2012). For instance, imagine a new species resulting from the combination of two other species,
each one belonging to a different monophyletic group. This new species will be part of two
different monophyletic groups that are not necessarily part of one another. These two groups will
partially overlap insofar they contain one species in common. This overlap compromises the
hierarchical structure of the tree, as this structure cannot be divided into a hierarchy of
increasingly inclusive, non-overlapping monophyletic groups.
Finally, the representation of trait distribution in phylogenetic trees also depends on the
isolation assumption. This representation is only possible given the idea that lineages remain
isolated after splitting. More specifically, the isolation assumption guarantees that a shared
derived trait is a result of the most recent common ancestor passing that trait to its descendants.
In other words, if two lineages share the same derived trait and they are isolated from each other,
then we are entitled to infer that the derived trait came from a common ancestor of those
lineages. Thus, these lineages form a monophyletic group. By contrast, if we assume that
lineages can rejoin or exchange enough materials after splitting, then there is always the

181
possibility that the shared derived trait was passed from one lineage directly to the other.
Lineages do not form a tree-like structure anymore, and thus the way traits are shared throughout
lineages differs from how they are represented in (strictly branching) phylogenetic trees. In sum,
the isolation of lineages is a requisite for phylogenetic trees to represent traits distribution the
way they do.
The isolation assumption is central to the basic features of phylogenetic trees discussed
above. Nonetheless, this assumption is false. In many cases, lineages rejoin and exchange much
genetic material, rather than remain isolated after splitting. At least three main biological
phenomena demonstrate this point: endosymbiosis, hybridization, and lateral gene transfer
(Velasco, 2012). I present each in turn.
First, endosymbiosis occurs when one organism lives inside another, and eventually the
two become an obligate symbiote (2012, p. 627). Obligate symbionts include two or more
organisms that depend on each other for survival or reproduction.52 Symbiotic dependence is
crucial to evolutionary history. For instance, it is well-known that the evolution of eukaryotic
cells occurred as a succession of endosymbiotic events (Archibald, 2015; O’Malley, 2010). The
combination of two prokaryotic cell lineages gave rise to a new lineage, namely the lineage of
eukaryotic cells. This case shows how a new lineage sometimes results from two lineages
coming together and how they can have no single common ancestor. After all, the lineage of
eukaryotic cells resulted from a combination of lineages rather than a splitting event.

52

Philosophers and biologists discuss whether symbiotic associations (holobiont) are one unified organism or not
(Clarke, 2016; Ereshefsky & Pedroso, 2013; Skillings, 2016). This is a controversial issue that deserves more
scholarly attention but is not relevant to this chapter.
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Hybridization is another phenomenon challenging the idea that lineages neither exchange
material nor rejoin once separated. Hybridization occurs when organisms of different species
interbreed, which allows for the exchange of genetic material among those species (Mallet,
2005). Hybridization is very common in evolutionary history. Mallet concludes that at least 25%
of plants and 10% of animal species form hybrids (2005, p. 230). In many cases, these hybrids
interbreed back with organisms of the two species from which they derived. The result is the
transfer of genetic material from one species to another. In some cases, a new species results
from hybridization. These cases are known as hybrid speciation, and they are much more
prevalent than biologists previously thought (Mallet, 2007). Similar to the evolution of
eukaryotic cells, hybrid speciation determines the origin of new lineages from the combination of
other lineages (fig. 22). Therefore, it shows that lineages influence each other and combine to
produce a new lineage.

Figure 22. Hybrid Speciation. The figure on the left-hand side shows hybrid
speciation as a result of material transmission from B to A. The figure on the
right-hand side shows a case of hybrid speciation in which A and B exchange
material. Source: Jiggins et al. (2008, p. 3048)

While hybridization is a prevalent phenomenon among eukaryotic organisms, lateral gene
transfer (LGT) occurs mostly in prokaryotic organisms. LGT occurs when organisms exchange
genetic material directly without reproductive means (see sections 3.2.3 and 4.3.3). For example,
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a virus can be a vector that transmits genetic material between two organisms. This transmission
can also occur through physical contact (Zhaxybayeva & Doolittle, 2011). The importance and
prevalence of LGT are now widely accepted. LGT is what explains why prokaryotes evolve fast
with highly dynamic genomes (Doolittle & Brunet, 2016). LGT also explains why many traits
are not transmitted through parent-offspring relations, but instead, these traits appear in
genealogically unrelated organisms (Velasco, 2012, p. 628). Hence, the ubiquity of LGT
challenges the idea that lineages do not exchange material because it happens among organisms
of different lineages. Similar to hybridization, LGT demonstrates that lineages exchange genetic
material and thus are not independent of each other (fig. 23). Hence, the origin of a new lineage
is not necessarily a single common ancestor because it might heavily depend on genetic material
coming from other lineages.

Figure 23. Lateral (Horizontal) Gene Transfer. Source: Gogarten & Townsend
(2005, p. 682)

Endosymbiosis, hybridization, and LGT suggest that evolutionary history is much more
complex than phylogenetic trees represent (Velasco, 2012). They ground the fact that lineages
can have more than one single common ancestor. Because those phenomena are frequent,
material exchange, interdependence, and combination among lineages are not rare or
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unimportant. Major events in evolutionary history result from lineages exchanging material and
rejoining (Archibald, 2015). Moreover, endosymbiosis, hybridization, and LGT occur in all
forms of life. LGT is the norm in prokaryotes, which is the most common form of life on earth
(Zhaxybayeva & Doolittle, 2011). Hybridization frequently occurs in plants, but it also occurs in
certain groups of animals, such as birds. Finally, endosymbiosis is common across organisms
from different domains, such as humans and bacterial species (Velasco 2012). For these reasons,
the influence of these phenomena in shaping evolutionary history should not be ignored.
Phylogenetic trees usually ignore phenomena such as endosymbiosis, hybridization, and
lateral gene transfer.53 Phylogenetic trees presuppose the isolation assumption and thus abstract
such phenomena away. In other words, many phylogeneticists prefer the isolation assumption
even though it is false. Since this assumption is false, one cannot use and conceptualize
phylogenetic trees in a way that captures evolutionary history correctly. The false assumption
about lineages is responsible for why phylogenetic trees do not accurately capture evolutionary
history. As a result, phylogenetic trees are false models in part because they carry the isolation
assumption.
This conclusion leads us back to the philosophical puzzle described earlier in this
chapter: why do scientists keep using false models instead of favoring more complex, realistic
models? Why not get rid of false models like phylogenetic trees? One might think that the
falsehood of phylogenetic trees suggests that biologists should abandon the use of trees (Velasco,
2012). After all, trees often fail to correctly represent evolutionary history. Perhaps trees are not
suitable and should be replaced by other types of representations, such as networks (Kunin et al.,
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Unless the phylogenetic tree represents a very circumscribed course of events and groups in which lineages
neither exchange material or rejoin. In this case, there is nothing to be ignored.
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2005).54 While some biologists increasingly dedicate their work to developing complex
phylogenetic networks, other biologists still use oversimplified (false) phylogenetic trees in their
work. Why do they still use them? Are phylogenetic trees still useful?55
Some philosophers have argued against the idea that biologists would be better off
abandoning phylogenetic trees (Franklin-Hall, 2010; Velasco, 2012). This is because, like other
scientific models, phylogenetic trees are still useful to science despite being false. It might even
be the case that trees are useful because they are false. This second possibility opens up when
one recalls the traditional discussions about idealizations and false models in the philosophy of
science (section 5.1). In the remainder of this chapter, I connect this philosophical literature to
the case of phylogenetic trees. I show how the isolation assumption about lineages makes
phylogenetic trees useful in science. Furthermore, I argue that this usefulness goes beyond what
that current literature suggests.
5.3 Representational and Non-Representational Uses of Phylogenetic Trees
Wimsatt, Weisberg, Potochnik, and others describe ways in which idealized false models
can be useful in science. First, I turn to one type of use that has a parallel in phylogenetics.
Wimsatt (2007) shows that often idealized models are used to study the parts of a target system
that are left out of these models. In phylogenetics, this occurs when phylogenetic trees do not
include information about LGT but are used to infer LGT events in evolutionary history. I
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Phylogenetic networks are graphic representations of evolutionary relationships. In contrast to phylogenetic trees,
networks take into consideration non-vertical modes of inheritance and thus how genes, cells, organisms, and/or
species are evolutionarily related by ways other than common ancestry.
55
At this point, one might dismiss LGT by claiming that it is not frequent and only happens in particular regions of
the phylogenetic tree. This dismissal is not convincing. First, LGT is rampant and important in evolutionary history
(Zhaxybayeva & Doolittle, 2011). Second, even if one agrees that LGT is limited to particular regions of the tree,
other biological phenomena challenge the idea that lineages remain isolated after splitting. One of these phenomena
is hybridization and applies to other regions of the tree (Mallet, 2005, 2007).
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explain this use of trees and show how the isolation assumption about lineages plays a key role
in it. Second, I turn to the uses of phylogenetic trees that have no obvious parallel in the
literature. I show that these models are useful not only to give rise to improved representations in
science, but also to help scientists with non-representational activities.
5.3.1 Detecting Lateral Gene Transfer
Lateral gene transfer (LGT) is a biological phenomenon with important evolutionary
effects. This phenomenon has a pivotal role in the evolution of eukaryotes and provides a source
for genomic innovation in many microbial lineages (Gogarten & Townsend 2005; Keeling &
Palmer 2008). LGT is still largely ignored in phylogenetic tree construction given the assumption
that lineages split, gain independence, and thus neither exchange material nor rejoin. At the same
time, trees are crucial tools for both detecting LGT events and estimating the frequency with
which LGT occurs. To show this, I will describe explicit and implicit phylogenetic methods for
detecting LGT. These methods compare phylogenetic trees of genes with phylogenetic trees of
species. Moreover, both methods depend on the false assumption that lineages do not exchange
material nor rejoin.
Explicit phylogenetic methods involve the reconstruction of gene trees to investigate their
discordance with species trees (see section 4.2.4). For example, Richards et al. (2009) investigate
the frequency and significance of LGT events among plants and fungi using explicit methods. To
do so, they considered the full genome of six plant species: Arabidopsis thaliana, Oryza sativa,
Populus trichocarpa, Selaginella moellendorffii, Sorghum bicolor, and Physcomitrella patens.
They compared these genomes with a database of 1,566,625 gene sequences, which included
genes from 46 fungal species and five green algae. They searched for cases in which plant gene
sequences are more similar to fungal gene sequences than other groups. Using different
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methodologies, they found 4866 plant gene sequences that are strongly similar to fungal ones.
Biologists initially hypothesized that each of these sequences arose from an LGT event between
plants and fungi. At this point, Richard et al. used the explicit phylogenetic method to evaluate
those hypotheses. They reconstructed the phylogenies of each plant gene sequence and compared
them with the phylogenies of plants and fungi species. The analysis led biologists to reduce the
number of LGT event hypotheses from 4866 to 46. After subsequently checking the phylogenetic
reconstruction and considering additional data, they demonstrated that only nine hypotheses were
well supported (fig. 24).

Figure 24. Lateral Gene Transfer among Plants and Fungi. Source: Richards
et al. (2009, p. 1907)

This study is based on both comparative genomics and phylogenetic analysis.
Comparative genomics concerns the investigation of how similar genetic sequences are. This
investigation establishes an initial number of candidates for LGT events. After this phase, the
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researchers use explicit phylogenetic methods to narrow down and test these candidates. They
conducted phylogenetic reconstructions of gene trees to determine which one of those candidates
(hypotheses) were actually LGT events. After obtaining nine well-supported cases of LGT,
Richard et al. also used phylogenetics to identify that five cases went from fungi to plants and
four cases took the opposite direction (fig. 24).
At this point, one might ask whether and why explicit phylogenetic methods help
biologists to detect LGT. Explicit phylogenetic methods are helpful because they provide a
means to recognize discordance between different trees. This discordance is evidence for LGT.
Hence, detecting discordance often results in hypotheses of LGT events.
As discussed in the previous chapter of this dissertation, discordance occurs when
lineages (at the same or different hierarchical level) do not have parallel trajectories (Haber
2012; Degnan & Rosenberg 2006; Maddison 1997). These lineages branch off at different
moments, such that they do not have a common path or history. For example, if one isolates
different genes from a genome and reconstructs the phylogenetic tree of each of them, one
notices that these trees have different patterns. Even though the genes are part of the same
genome, which are often passed on together through generations, different genes have different
trajectories or branching patterns. Some of these genes have the same branching patterns as the
species tree containing them, while other genes do not (fig. 25).
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Figure 25. Discordance. Four patterns of discordance (a, b, c, d). The thin and
dotted lines represent gene lineages, while A, B, and C are species lineages.
Source: Degnan & Rosenberg (2009, p. 334)

To recognize discordance among lineages, biologists reconstruct their respective
phylogenetic trees and compare them. If the trees do not have the same shape, then there is
discordance. This inference is precisely behind Richard et al.’s (2009) study. These biologists
claim that they adopted a method “based on the identification of gene genealogies that were
highly distinct from the expected species phylogeny” (p. 1906). In other words, they
reconstructed and compared various gene trees to the expected phylogenetic trees of species. The
identification of discordance allows biologists to develop hypotheses of LGT events. But why,
exactly, is discordance evidence of LGT?
LGT is one of the main causes of discordance among lineages (Degnan & Rosenberg,
2009). If a gene X in a taxonomic group C is laterally transmitted to a group B, the particular
lineage of gene X, that previously was following a parallel trajectory to group C, now takes a
different path (fig. 25a). This gene lineage persists in group B. If the phylogenetic tree containing
groups C and B is reconstructed and compared to the phylogenetic tree of gene X, discordance is
evident. While C and B are only distantly related in the species tree (relative to how closely
related A and B are), the phylogenetic tree of gene X connects ancestor genes within group C to
its descendant genes within group B (fig. 25a). Hence, the tree of gene X suggests that B is
closer to C than to A, but the species trees suggest that B is closer to A than to C. This
discrepancy suggests that gene X is transmitted laterally. To summarize, LGT causes
discordance, and thus one can use the latter as evidence of the former.
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The study conducted by Richard et al. (2009) offers a clear example of how one uses
discordance as evidence of LGT. This study investigates whether two distantly related taxonomic
groups, namely, plants and fungi, exchange genes laterally. If this exchange occurs, then
biologists expect to find that certain plant genes have ancestors in fungi species and vice-versa.
More specifically, the researchers would discover any of these cases: (i) a gene sequence in
plants descended from genes of fungi; (ii) a gene sequence in fungi descended from genes in
plants; (iii) a gene sequence specific to plants is not widespread among plants but rather found in
some fungi; and (iv) a gene sequence specific to fungi is not widespread among fungi but rather
found in some plant (2009, p. 1898). These are cases of discordance that are most likely caused
by LGT. So, they serve as evidence of LGT.56
The isolation assumption plays an important role in facilitating the use of explicit
phylogenetic methods to identify cases of LGT. Explicit phylogenetic methods rely on
phylogenetic reconstructions. Because gene and species trees are reconstructed based on the
assumption that lineages neither exchange material nor rejoin after branching, biologists expect
bifurcating trees at different hierarchical levels. Phylogenetic trees of genes show a sequence of
genes bifurcating, while trees of species show a sequence of species bifurcating. Moreover, given
that genes are contained within species, biologists expect that gene lineages will mostly follow
the trajectory of the species lineages that contain them. The consequence is that lineages at
various hierarchical levels tend to run in tandem. These lineages tend to exhibit the same
branching pattern. The concept of discordance refers to occasions in which the tandem does not
occur. Hence, the concept of discordance and the capacity to identify discordance and thus, LGT
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The use of discordance as evidence for LGT requires careful analysis. The is because LGT is not the only cause of
discordance. Hence, cases of discordance do not always count as evidence of LGT events.
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in nature depends on the assumption that lineages neither exchange material nor rejoin. A similar
dependence on this assumption applies to implicit phylogenetic methods. I briefly discuss these
methods next.
Biologists developed phylogenetic methods to detect LGT without needing to reconstruct
gene trees (fig. 26). These methods are called implicit rather than explicit ones. In implicit
phylogenetic methods, a comparison between genes of distantly related organisms gives
evidence of LGT (Lawrence et al., 2002, p. 1). The idea is that the amount of genetic similarity
organisms have is co-related with their phylogenetic distance, i.e., with how far their species are
from each other in the species tree. Hence, implicit phylogenetic methods are methods that rely
implicitly on gene phylogenetic trees (Ravenhall et al., 2015). Trees inform biologists of how
much gene similarity they should expect when comparing the genetic sequences of two
organisms. Hypotheses of LGT are simply the ones in which the genetic similarity is unusually
high, given how distant these organisms are in the species tree (fig. 26).

Figure 26. Explicit and Implicit Phylogenetic Methods. While explicit methods
use gene and species trees, implicit methods rely only on the latter and combine
species trees with an analysis of expected genetic similarity. Adapted from:
Ravenhall et al. (2015, p. 2)
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The isolation assumption also plays an important role in implicit phylogenetic methods.
Because there should be no material exchange, biologists should expect a correlation between
genetic similarity and phylogenetic distance. The more closely related organisms are, the more
similar their genetic sequences should be. Biologists formulate hypotheses of LGT whenever this
expectation is challenged. Whenever closely related organisms have very dissimilar genes (or
very distantly related organisms have very similar genes), LGT is raised as a hypothesis to
explain this type of unexpected fact. This type of fact is unexpected precisely because it seems to
contradict the isolation assumption. In sum, because one accepts the isolation assumption, then
one can hypothesize and infer LGT using implicit phylogenetic methods.
Using phylogenetic trees to detect LGT exemplifies how false models are useful. As
Wimsatt (2007) notes, false models can be useful as templates for estimating phenomena that are
not part of the model (p. 105). This is what happens when biologists use phylogenetic trees to
identify cases of LGT. Trees are false models because they do not incorporate a parameter (or
variable) for LGT, yet they still serve as a framework for biologists to hypothesize and infer
LGT events.
Moreover, inferring LGT is just one example of a major trend in the use of phylogenetic
trees. Biologists and philosophers usually claim that trees are useful because they lead to
improved representations in biology (Hennig 1966; Wiley and Lieberman 2011; Sober 1991;
Velasco 2012; Baum and Smith 2013). In other words, trees allow biologists to develop better
theories, explanations, inductive generalizations, inferential statements, and better models about
evolution. In this sense, phylogenetic trees are a paradigmatic example of what I described at the
beginning of this chapter, namely how false models contribute to representational activities
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(section 5.1.2). These activities directly and necessarily produce representational products
(content) in science. As the usefulness of phylogenetic trees is often tied to representational
products like theories, hypotheses, and better models, they fit perfectly into the focus on
representational activities. Yet, in what follows, I describe how phylogenetic trees containing
idealized lineages promote non-representational activities.
5.3.2 Organizing Scientific Communities
Phylogenetic trees are useful to many areas of biology. Trees appear in the work of
zoologists, botanists, microbiologists, paleontologists, evolutionary biologists, and other
scientists. In this section, I describe how biologists use trees to demarcate research projects, to
identify research overlap, to recruit experts. These activities are non-representational in the sense
that they do not directly and necessarily generate representations. After describing such
activities, I will explain why phylogenetic trees are particularly suitable for them. Furthermore, I
show that trees are appropriate for these activities because they assume an idealized view of
lineages (i.e., the isolation assumption). To do so, I explore some aspects of the community of
vertebrate paleontology.
A broad research goal among many vertebrate paleontologists is reconstructing the
evolutionary transition from ancient fishes to tetrapods, which are land-dwelling animals (Benton
et al., 2013; Clack, 2012; Clack & Ahlberg, 2004; Pardo et al., 2017). These vertebrate
paleontologists aim to build phylogenetic trees that display the evolutionary relationship among
animals that lived between 380 and 270 million years ago (Pardo et al., 2017). Different
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laboratories in the United Kingdom and North-America pursue or contribute to this goal.57 These
laboratories usually focus their research on distinct groups of animals within that time frame. In
other words, they focus on different parts of the transition from fishes to tetrapods.
A convenient strategy for vertebrate paleontologists to delimit their research is to identify
“where they [animals] are on the tree” (J. Anderson, personal communication, 2019/01/06).
These scientists point to specific branches and bifurcation points of a phylogenetic tree to
demarcate the set of animals that they primarily investigate. For example, a particular vertebrate
paleontology laboratory might be well-known for its primary focus on Amniotes (Gee et al.,
2019; Maho et al., 2019). Let us call this laboratory A. Scientists of laboratory A can
conveniently demarcate and communicate what they study by simply pointing to a single
branching point on the tree, namely the unique branching point that gave rise to all Amniote
lineages (fig. 27). This branching point represents the single common ancestor of Amniotes.
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For examples, see the Jenny Clark laboratory at the University of Cambridge, the Mike Benton laboratory at the
University of Bristol, the Per Ahlberg laboratory at the University of Uppsala, the Jason Anderson laboratory at the
University of Calgary, and the Robert Reisz laboratory at the University of Toronto.
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Figure 27. Phylogenetic Tree representing the Transition from Fish to
Tetrapod. Source: Pardo et al. (2017, p. 644)

While laboratory A contains experts in the Amniote region of the tetrapod phylogenetic
tree (fig. 27), other laboratories will be experts of specific subgroups of Amniotes or other
groups. For instance, another laboratory concentrates on Lissamphibia and its immediate
ancestors (Pardo et al., 2017). Let us call this laboratory L. There is some connection between
laboratories A and L, as the groups studied by them share a common ancestor. Amniotes and
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Lissamphibia occupy relatively close regions of the tree. In fact, scientists from the two
laboratories claim that they work on “opposite sides of the tree” (J. Anderson, personal
communication, 2019/01/06). Hence, the tetrapod phylogenetic tree helps scientists to easily
delimit and communicate their own research objects and the research object of other laboratories.
Relatedly, phylogenetic trees are a convenient way to recognize when a laboratory is
entering the research focus of another laboratory. For instance, after collecting new data and
revising old data, laboratory L suspects that one of the amphibian groups is an amniote (Pardo et
al., 2017). Their phylogenetic analysis indicates that this group (Lysophoria) belongs to
Amniotes and, for this reason, one proposes a change in the phylogenetic tree of Amniotes.
Laboratory A (working primarily on Amniotes) might or might not welcome or agree with these
changes. Either way, the research of laboratories A and L begin to overlap. As the laboratory L
proposes changes in regions of the tree studied by laboratory A, this latter laboratory can easily
identify that the former is entering into or even impinging on their research area. Scientists from
laboratory A might claim that laboratory L is studying their “part of the tree.” Episodes such as
this one show that phylogenetic trees easily work as tools for identifying and communicating
research overlap between laboratories.
Finally, the phylogenetic tree offers a convenient way for scientists to identify the types
of expertise needed in laboratories. For instance, Laboratory L studies the group Lethiscus, a
group of early snake-like amphibians, among other groups (Pardo et al., 2017, see fig. 27). After
revising old data, scientists recognize that the highly specialized morphology of Lethiscus
resembles that of fishes. This recognition leads to the hypothesis that Lethiscus is not an
amphibian but belongs in a different group and thus a different region of the tree, which is closer
to early fishes. That laboratory then needs to rely on experts that study early fishes and
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intermediary groups between fishes and Lissamphibians. As there are few experts in these
regions of the tree, the choice of who is the adequate expert for this research is not a difficult
one. Yet, the choice of the expert is based on the tetrapod tree. This tree helps scientists from
laboratory L to identify which experts on specific groups are needed.58 The tree offers
information about the time frame and groups of fishes, which can be used by scientists to
identify what type of expertise is needed. Hence, the tree works as a tool that facilitates easy and
fast identification of the type of expertise necessary in research.
Let us take stock of these episodes in the vertebrate paleontology community. I have
identified three activities that benefit from phylogenetic trees in this research community: (i)
delimiting and communicating research objects; (ii) identifying and communicating when the
research in different laboratories overlaps; and (iii) identifying what type of expert is needed for
a project. These activities are non-representational. Instead of primarily generating some type of
scientific representation (e.g., a theoretical statement, hypothesis, or improved model), these
activities organize scientific research among laboratories and the interactions among scientists.
Hence, they exemplify the fact that phylogenetic trees contribute to the organization and to the
coordination of groups of scientists. Before moving to other uses of phylogenetic trees, I show
why idealizations make them into very useful tools for the organization and the coordination of
research groups.
As I indicated in previous sections, phylogenetic trees rely on the idea that lineages do
not exchange material after splitting. I called this the isolation assumption. This assumption
determines the tree-like shape of phylogenetic trees. This shape establishes a clear-cut division of

58

To read about other aspects of this collaborative research, visit
https://natureecoevocommunity.nature.com/users/51782-jason-s-anderson/posts/17990-datasets-revisited

198
non-overlapping and hierarchical groups. Hence, trees are clear and simplified visual
representations with separate regions, such that using them is fast, easy, and convenient for
various purposes.59
Phylogenetic trees are useful to delimit research because they are simplified visual
representations with well-delimited regions. For example, scientists can demarcate their research
by pointing to a particular region in the tree and indicating that they study all the branches that
follow from a particular ancestor (the ‘stem’ of the group). This practice of delimitation is
possible because the tree-like representation depicts each group as deriving from a unique branch
(ancestor). Hence, it is convenient and easy to visually delimit groups by pointing to a particular
branch and then identifying all the branches that follow from it.
The shape of phylogenetic trees also explains why they are convenient for identifying
when laboratories enter and impinge on the research object of others. Given that phylogenetic
trees can be divided into reasonably discrete regions, scientists can easily identify when other
laboratories are entering their research area. Different laboratories propose changes in the tree by
moving branches from one region to another. So, when a laboratory proposes moving branches
to regions of the tree that other laboratories study, this laboratory might be entering and
interfering in the research target of others. In other words, moving branches of a tree indicates
that laboratories might be impinging on the research of other laboratories. This practice of
moving branches is easy to notice precisely because of how simplified the shape of the tree is.
Thus, this shape allows an easy and fast way to notice research overlap.
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More complex representations of evolutionary relationships might attend many of the same purposes that trees do.
Yet, given the degree of simplification of trees, it is likely that they are more efficient in many contexts.
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For similar reasons, the tree-like shape of phylogenetic trees also makes it convenient to
identify the type of expert needed in a project. The regions of the tree are distinct and the
branching points are followed by a temporal timeline (again, see fig. 27). This configuration
allows scientists to talk about “higher” and “lower” regions of the tree, in which the former
denotes groups with a more recent origin and the latter refer to groups with a more ancient origin
(J. Anderson, personal communication, 2019/01/06). If a laboratory suspects that one of its
studied groups occupies a region of the tree that is lower than previously assumed, this
laboratory needs to find an expert on lower parts of the tree. An easy way to reduce the choices
for an expert is to consider the timeline associated with different branching points in the lower
part of the tree. Then, one can compare this timeline with the information about when that
studied group lived. In this sense, the combination of a timeline with discrete branching points
and regions of the tree is very useful to biologists.
In summary, phylogenetic trees are well-suited for the non-representational activities of
the vertebrate paleontology community. Trees are idealized, false models with a clear shape,
which allows for clear-cut distinctions. They represent groups of living things in a hierarchical
structure that is very easily visualized. This shape is what makes phylogenetic trees so suitable as
a common framework that guides organization and coordination among scientists. Phylogenetic
trees have this tree-like shape because they incorporate the isolation assumption. Hence, this
idealization plays a central role in making phylogenetic trees suitable for various nonrepresentational activities. Based on the shape of the tree, scientists use them to demarcate their
research, identify research overlap, and identify what types of expertise are needed.
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5.3.3 Testing Data Coherence and Fostering Collaborations
In this section, I discuss another case of how phylogenetic trees contribute to nonrepresentational activities. This case is different from the previous one. This case shows that
scientists use trees to construct larger ones, the so-called supertrees. One the one hand,
constructing supertrees is a representational activity because it directly results in large-scale
representations of evolutionary history. So, constructing supertrees is a representational activity
that produces large representations out of previous, smaller representations. On the other hand, I
will show that constructing supertrees is also partly non-representational. When scientists use
phylogenetic trees to build supertrees, they are analyzing data coherence among laboratories and
attempting to foster collaborations. To achieve this conclusion, I first describe how one
constructs a supertree. I show that this activity relies on idealizing lineages (i.e., adopting the
isolation assumption). Then, I explain the ways in which constructing supertrees is partly nonrepresentational.
Supertree construction is a common activity in phylogenetics (Bininda-Emonds, 2004).
This activity consists of building a large phylogenetic tree by combining many smaller
phylogenetic trees that, to some extent, overlap (Sanderson et al., 1998). These smaller trees are
called ‘source trees.’ While biologists use a set of character traits (i.e., properties of organisms)
to construct a regular phylogenetic tree, biologists use a set of source trees to construct a
supertree. For this reason, supertrees are considered efficient for building phylogenies of very
large groups (with hundreds of lineages) and are a promising strategy to construct the tree of life
(Hinchliff et al., 2015).
The construction of supertrees relies on idealizations. In particular, it relies on the
isolation assumption described in previous sections, namely the view that lineages do not
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exchange significant material after splitting. There are two reasons for this reliance. First,
supertrees result from combining phylogenetic trees, which already accept that assumption.
Second, the methods for combining trees also assume that lineages remain isolated after splitting.
Let me provide an example of this latter point.
The isolation assumption allows scientists to develop ways to simplify phylogenetic trees.
One example is pruning (Baum & Smith, 2013, p. 50). To prune a phylogenetic tree is to cut off
some of its terminal branches or tips. Pruning means cutting off lineages at the upper part of the
tree, such as the lineages B, C, E, and G (fig. 28). This procedure allows biologists to cut specific
branches without altering any other part of the tree. Hence, lineages A, D, and F preserve the
same connections (common ancestors) in both representations (fig. 28).
A
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D
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F

G

A

D

F

Figure 28. Phylogenetic Tree (left) and a Pruned Version (right). The scissors
in the phylogenetic tree represent the lineages to be pruned (B, C, E, G). Source:
adapted from Baum and Smith (2013, p. 59)

The isolation assumption allows biologists to cut some branches of the tree and preserve
the rest as it is. If one accepts this assumption, one implies that each branch of the tree has only
one connection to the tree – its immediate common ancestor (see section 5.2.2). So, if biologists
cut a branch off, everything else, including its immediate common ancestor, remains as before.
Hence, pruning becomes a reliable way to simplify phylogenetic trees.
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The methods for constructing supertrees rely on pruning and, therefore, on the isolation
assumption. For instance, some methods compare source trees and estimate how similar they are
to arrive at a single supertree (Bininda-Emonds, 2004, p. 316). One recent way to estimate this
similarity is to “prune and regraft” (Whidden et al., 2014). According to this approach, the best
supertree is the one that has the minimum number of prune and regraft operations (fig. 29).
These operations are ways of reconciling conflicting source trees. This reconciliation is done by
pruning parts of a source tree and re-attaching these parts to other points of the same source tree,
such that this tree becomes identical or compatible to others. So, the best supertree is the one that
requires less reconciliation among source trees. In this sense, pruning is key to estimating the
similarity among source trees and combining them into a single supertree.

Figure 29. Prune-and-Regraft Method. Branches 5 and 6 are pruned and later
attached to branch 1, as indicated by the arrow. Source: Whidden et al. (2014, p.
567)

The prune and regraft method is only one example of the role of pruning in constructing
supertrees. Moreover, this is only one illustration of how biologists imply the isolation
assumption when building such trees. Nevertheless, this example is sufficient for the conclusion
that constructing supertrees depends on idealizing lineages by presupposing the isolation
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assumption. In the remainder of this section, I show how the activity of constructing supertrees is
partly non-representational.
Some biologists criticize the idea that supertrees correctly represent evolutionary history
(Gatesy et al., 2016). These biologists claim that constructing supertrees is a flawed way to
produce large-scale representations of that history. Even if these biologists are correct in their
criticism, supertrees are still useful in biology. According to Bininda-Emonds, the very act of
constructing supertrees functions as a strategy to compare the molecular data sets used by
various phylogeneticists (Bininda-Emonds, 2004, p. 320). These molecular data sets are a series
of genetic traits that phylogeneticists use to build each source tree. So, to construct a supertree is
an indirect method for testing how well these molecular data sets are consistent with one another.
Let me give an example to make this point clear.
When constructing a supertree using the prune and regraft method, one might face many
conflicting source trees. One can build a supertree only after, at least some, operations of pruning
and regrafting. In this case, the conflict among source trees would become apparent by the
number of operations of pruning and regrafting needed to reconcile them. This number might
indicate how much the source trees and their underlying molecular data sets differ from one
another.60 In other words, constructing supertrees allows biologists to evaluate the consistency
between molecular data sets. The higher the number of operations of pruning and regrafting, the
less consistent the data might be. Given that supertrees combine many source trees, it helps to
evaluate the consistency among a huge number of molecular information coming from each
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result from using different methods and algorithms to generate the source trees. Hence, the example of using pruneand-regraft to understand data inconsistency assumes that source trees result from the same methods and algorithms.
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source tree. This evaluation is useful because it makes biologists re-evaluate the quality of these
data sets and the need to gather more data. Hence, the activity of constructing supertrees is a
strategy for biologists to compare their data, assess their quality, and easily identify when more
data is needed. Constructing supertrees is about analyzing data as much as (if not more than)
representing evolutionary history.
Data analysis might lead to better supertrees (i.e., representations) in the future. However,
one of the explicit goals of analyzing the data is to foster collaborations among scientists
(Hinchliff et al., 2015). Constructing supertrees is a strategy to evaluate whether the data that is
used by different laboratories is consistent so that laboratories can share information. In this
sense, consistency and sharing of data are desirable because it allows biologists to rely on each
other’s work. This reliance fosters the projects within each individual laboratory, which now can
use additional data and resources from other laboratories. Furthermore, the consistency and
sharing of data open the possibility for various collaborations among different laboratories. The
interests in collaboration and data sharing drive the construction of supertrees alongside the goal
of representing evolutionary history (Hinchliff et al., 2015, pp. 12766–12767).
This case of supertrees seems counterintuitive. After all, this case is an example of how
scientists engage in constructing representations without necessarily and primarily aiming to
construct a correct representation. Building representations is a means for testing data coherence
and promoting collaborations. In this sense, this activity contributes at least partly to nonrepresentational activities. Moreover, Andrea Woody (2014) highlights a similar case in
chemistry. According to her, the construction and adoption of the periodic table (as it is currently
represented) promotes the connection and coherence among different scientific communities
within chemistry. She even says that the table “extends like an umbrella across these
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communities, helping to bind them together as a distinct scientific discipline” (p. 147). In this
sense, the contribution of periodic tables to chemistry is not only to represent a certain content.
Periodic tables contribute to the social organization of chemistry. Likewise, constructing
supertrees is not only, and maybe not even mainly, about representing evolutionary history.
Constructing supertrees is a strategy to bind phylogeneticists together and foster the sharing of
information and their engagement in common projects.
5.4 Conclusion of the Chapter
I began this chapter by describing some basic features of scientific models. These models
represent target systems, but this representation is deliberately imperfect. Scientific models
contain idealizations, i.e., assumptions that distort or oversimplify the representation of target
systems. In this context, I raised the question as to why scientists deliberately choose to idealize
their models.
Philosophers, such as Wimsatt (1987, 2007), Giere (1999), and Cartwright (1999),
answer this question by indicating why idealized, false models are useful in science. In
particular, these philosophers show how false models contribute to activities like theorizing,
testing hypothesis, inferring, explaining, and generating new models. All these activities are
representational in the sense that they directly and necessarily generate some kind of
representation. In other words, such activities produce either some proposition or statement or
some new, improved model that can be considered true, correct, and adequate. As I have shown,
the focus on representation is present even in the most recent work on idealizations (Potochnik,
2017).
The main philosophical takeaway from this chapter is that the philosophical focus on
representation is too narrow. Scientific models contribute to non-representational activities and
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these contributions help to organize scientific communities and various scientific activities.
Hence, if philosophers want to understand these aspects of science and the full ramifications of
idealization, they need to investigate how scientific models contribute to non-representational
activities. I made this point by discussing a paradigmatic example of a scientific model, namely
phylogenetic trees (section 5.2). As I have shown, these models assume an idealized view of
lineages, namely the view that lineages remain isolated after splitting. This idealization explains
why phylogenetic trees have a tree-like shape, among other key features of the model.
I offered a few examples of how phylogenetic trees are used by biologists. One example
is how phylogenetic trees help biologists to infer new information about Lateral Gene Transfer.
Trees allow biologists to generate improved generalizations and statements about how much
LGT happens among lineages (Velasco, 2012). Yet, this example falls within the philosophical
focus on representation; that is, phylogenetic trees are useful to gain knowledge.
The other two examples do not fall within the same focus. First, I discussed how
vertebrate paleontologists use phylogenetic trees (section 5.3.2). This case-study suggested that
trees are useful for non-representational activities such as identifying research subjects of
different laboratories and what type of experts should be recruited by a particular laboratory. In
other words, trees containing idealized lineages are frameworks that help biologists in
coordinating and organizing themselves into research communities. Second, I explored the case
of constructing supertrees (section 5.3.3). It might be counterintuitive, but the motivation for
constructing supertrees is not entirely to generate an improved representation of evolutionary
history. Rather, biologists also construct supertrees as means to test the coherence of data and,
thus, to compile big data sets that will foster the collaboration among them. In conclusion, the
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cases of vertebrate paleontologists and supertrees illustrate that phylogenetic trees are used in
non-representational activities.
At this point, one might downplay the importance of this conclusion. One might argue
that non-representational activities are not important or philosophically interesting in themselves.
After all, as the argument goes, these activities would only matter because they ultimately lead to
adequate representations. In other words, non-representational activities are just a means to
representational ones. So, the latter (rather than the former) deserves philosophical attention.
For the sake of argument, let us grant that non-representational activities are only
valuable to science insofar as they lead to correct or more accurate representations (e.g., models,
theories, explanations, and so on). This claim does not entail that non-representational activities
are not philosophically interesting. Philosophers are interested in understanding how science is
successful at generating knowledge. Representational activities are a central aspect of science,
but they are not the only aspect of science that generates knowledge. Scientific knowledge also
depends on the social aspects of science. By investigating these non-representational activities,
one can clarify how social activities influence the production of knowledge in science. As a
result, one can provide a more complex and accurate picture of how science generates
knowledge.
Idealized models play important roles in the success of science and the production of
knowledge. Although philosophers have been investigating these roles for decades, the relation
between idealized models and the non-representational, usually social, aspects of science
remains unexplored. This lack of investigation reinforces the bias of philosophers of science
towards representational activities. Against this bias, the present chapter helps us to better
understand the full impact of idealizations in science. Next, I conclude the dissertation.
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6. Conclusion

I wrote this dissertation with two goals in mind. The first goal was to offer a
philosophical analysis of lineages in biology. Traditionally, philosophers have turned their
attention to the notions of gene, organism, and species. They mention lineages mostly when
analyzing these notions and rarely touch on issues regarding lineages themselves. So, one of my
aims was to put lineages at the foreground of philosophical concern. Thus, I aimed at identifying
and analyzing issues about lineages that deserve the attention of philosophers and biologists. My
second goal was to revisit traditional topics in the general philosophy of science. Lineage is such
an underexplored topic that it might offer new insights into old issues about the workings of
science. Hence, my investigation of lineages resulted in general lessons regarding science that
matter to philosophers of science more broadly. In this conclusion, I summarize these lessons
and point towards directions for future work.
I explored three main issues in this dissertation. First, I considered the metaphysical
question of what lineages are and how many kinds of lineage exist. I argued for lineage
pluralism, the view that there is no single, unified type of lineage in nature. I offered four
arguments for this view, which relied on the comparison of theories and practices in evolutionary
biology, phylogenetics, and developmental biology. These arguments resemble the discussion
about species pluralism, but they depart from it in two important ways. While species pluralism
often results from differences among biological processes at the level of organisms
(reproduction, ecological pressure, and so on), lineage pluralism also considers differences
among levels of biological organization (genes, cells, organisms, and so on). Additionally,

209
lineage pluralism does not privilege evolutionary biology over other areas of biology, as some
versions of species pluralism do. Hence, the characteristics of lineage pluralism are distinctive.
They mark a different type of pluralism in the philosophy of science.
Motivated by lineage pluralism, one might think that biologists should adopt distinct and
precise concepts of lineage rather than using a broad, imprecise definition of this notion. The
second issue in my dissertation grapples with this suggestion. I asked whether, and how, the
imprecise concept of lineage can benefit science. To answer this question, I analyzed the role of
this concept in several activities of biologists and compared it with the concepts of evolutionary
novelty and molecular gene. All three concepts are beneficial to science because they facilitate
integration among scientists. Yet, the concept of lineage offers a distinctive case. It can integrate
different aspects of science (theories, types of data, and methodologies) in different contexts and
areas of biology. This concept facilitates integration without assuming that scientists are part of
the same interdisciplinary research or the same explanatory practice within a field of biology.
The existence of this highly contextual, case-by-case, piecemeal type of integration is a general
lesson that was presented in this dissertation.
After discussing the metaphysics and concept of lineage, I turned to how biologists
represent these entities. These representations are idealized models and I asked whether, and
how, they benefit science. I start by considering a traditional view on the benefits of idealized
models in science. These models contribute to the representational activities of scientists,
activities that result in truth content. Idealized models are useful because they are “means to truer
theories” (Wimsatt, 1987). Nonetheless, I argue that this view is deeply incomplete. Idealized
models representing lineages are also useful for non-representational activities, activities that
organize scientists in laboratories and research communities. For example, I have shown that
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these models (phylogenetic trees) help biologists to recruit experts to their laboratories. There is
an important lesson here for philosophers of science. The lesson is that scientific models serve
various purposes that do not reduce to better theories, explanations, models, and other
expressions of scientific content. Models deeply influence social practices of science.
I began this dissertation by offering a historical overview of lineages in biology. I
described how biologists characterize lineages in different biological sciences over the last two
centuries. This historical overview drew comparisons and raised concerns that were further
explored in the other chapters. Yet, I did not address many of those comparisons and concerns in
the dissertation. Additionally, each chapter hinted at new, follow-up issues regarding the
metaphysics, concept, and representation of lineages. Some of these hints appear in the
footnotes. As a result, this dissertation ends with more research questions than it started. This
dissertation marks the beginning of a research program. Some of the future directions of this
program are:

1 – Metaphysics of Biology: Philosophers often claim that evolutionary individuals can form
lineages. How does lineage pluralism impact this claim? Does it support any type of
individuality pluralism (McConwell, 2017; Sterner, 2015)? Additionally, does lineage pluralism
influence views on population pluralism (Stegenga, 2016)? Are these different types of pluralism
altogether?
2 – Explaining Evolution and Development with Lineages: For decades, philosophers investigate
the historical nature of explanations in evolution. These explanations often have the structure of
narratives. They usually involve lineages, which function as the central subject (spatiotemporally
continuous entity) of those narratives (Ereshefsky & Turner, 2020; Hull, 1975). Cell lineages are
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crucial to developmental processes. Hence, do they function as the central subject of
developmental explanations? To what extent are these explanations also historical? How do
lineages influence the type of explanation offered in developmental biology (Calcott, 2009)?
3 – Models, Social Practices, and Integration: Phylogenetic trees are not the only idealized
representations of lineages. More recently, biologists also develop networks, which are allegedly
more complex and accurate representations of lineages (Kunin et al., 2005). How do networks
idealize lineages? Are they more beneficial to the social practices of science than phylogenetic
trees? How do networks and trees promote different types of integration and other scientific
activities?
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