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Using the framework of evolutionary lineages to separate the process of evolution and classification of species, we
observe that ‘anagenesis’ and ‘cladogenesis’ are unnecessary terms. The terms have changed significantly in
meaning over time, and current usage is inconsistent and vague across many different disciplines. The most
popular definition of cladogenesis is the splitting of evolutionary lineages (cessation of gene flow), whereas
anagenesis is evolutionary change between splits. Cladogenesis (and lineage-splitting) is also regularly made
synonymous with speciation. This definition is misleading as lineage-splitting is prolific during evolution and
because palaeontological studies provide no direct estimate of gene flow. The terms also fail to incorporate
speciation without being arbitrary or relative, and the focus upon lineage-splitting ignores the importance of
divergence, hybridization, extinction and informative value (i.e. what is helpful to describe as a taxon) for species
classification. We conclude and demonstrate that evolution and species diversity can be considered with greater
clarity using simpler, more transparent terms than anagenesis and cladogenesis. Describing evolution and
taxonomic classification can be straightforward, and there is no need to ‘make words mean so many different
things’. © 2015 The Linnean Society of London, Biological Journal of the Linnean Society, 2016, 117, 165-176.

ADDITIONAL KEYWORDS: anagenetic — cladogenetic — evolutionary lineage — macroevolution —
microevolution — paleontology — phylogenetics — speciation — species — splitting.

THE EVOLUTIONARY PROCESS AND
SPECIATION

In this review, we assess the terms ‘anagenesis’ and
‘cladogenesis’ because they epitomize the barrier to
communication that results from the conflation of
~-nrass of evolution and our interpretation of life
Mninion may vary regarding the

bt we illustrate how

(Cutter, 2013). A ‘species’ is therefore always a taxo-
nomic description of an arbitrarily delineated seg-
ment of an evolutionary lineage in time (de Queiroz,
1998, 2007; Sites & Marshall, 2003; Podani, 2013;
White, 2013). For different organisms the delineated
region will vary in size, scale and duration in time
depending upon the nature of the taxonomic para-
digm employed, the availability of data (past and
present) and the hypothesis under investigation (de

the current usage is vague, inconsistent and there-
fore unhelpful. We conclude that communication
across disciplines could be improved by avoiding
these terms or acknowledging limitations, and we
demonstrate how this can be achieved.

An evolutionary lineage, or line of descent, is the
inherent product of evolutionary units replicating
in generations over time, and consequently it is a
universal feature of all biologically evolving systems
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Queiroz, 1998, 2007; Sites & Marshall, 2003; White,
2013). However, although a species is artificial, it
remains a hypothesis based on empirical observa-
tions of an evolutionary lineage (Barraclough & Nee,
2001; de Queiroz, 2011; Strotz & Allen, 2013; Dyne-
sius & Jansson, 2014; see Fig. 1 for an explanatory
metaphor). Philosophically this means that we treat
a species as a mental concept based on the material
reality of evolutionary lineages (see discussion
in Mahner, 1993). Recognizing the consensus of
evolutionary lineages is hugely beneficial because
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conflicting species concepts, such as those based on
reproduction or morphology, become compatible
through accommodation of the evolutionary process

(Wei, 1987; de Queiroz, 1998; Cohan, 2002; Cutter,
2013; Ezard, Thomas & Purvis, 2013; Podani, 2013;
White, 2013).

Importantly the lineage perspective helps us recon-
sider the process of evolution over long time periods.
For instance, because evolutionary lineages are
continuous in time, those lineages represented by taxo-
nomic units such as species can be subdivided into fur-
ther lineages that reflect classification of subspecies,
varieties or metapopulations that encompass intraspeci-
fic variation (Mallet, 2008a; Dynesius & Jansson, 2014).
This emphasizes that there is no break in the process of
evolution from the lineages studied using population
genetics (‘microevolution’) and the lines of descent stud-
ied during ‘macroevolutionary’ research (Barraclough &
Nee, 2001; Crampton & Gale, 2005; Cutter, 2013). Like-



species. It is arbitrary because the identification of a
new species depends upon particular diagnostic
thresholds (relative to organisms, scale of observa-
tion, data, etc.), which inherently depends upon
divergence rather than splitting. Species origination
is an epistemological dilemma — is a species classified
when a lineage is distinct (but not necessarily sepa-
rated by gene flow), or when a lineage is separate
(but not necessarily distinct)? If a population is mor-
phologically derived with respect to its ancestral pop-
ulation, should it be classified as a separate species
based on such difference even if lineage-splitting is
not evident? The fact that the answer differs
between investigations reflects that the choice is ulti-
mately subjective. So, ‘divergence’ is an increase in
difference among evolutionary lineages, ‘splitting’ is
the cessation of gene flow between lineages, and ‘speci-
ation’ is the origination of a new species that ideally
reflects both divergence and splitting. Divergence and
splitting directly describe empirical change among
evolutionary lineages, whereas species and speciation
are ad hoc classifications applied to interpret the pro-
cess (see difference between Fig. 1A, B).

The distinction of process and interpretation is
advantageous as it recognizes, along with traditional
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R t 1. A glossary of terms related to anagenesis and cladogenesis

Term

Definition

Type

Evolutionary lineage

Species

Divergence

Lineage-splitting
(or lineage-branching)
Hybridization

(or reticulation)

Speciation

Stasis

Gradualism

A line of descent of evolutionary units (organisms,
replicators). All evolutionary units belong to an
evolutionary lineage, but our ability to identify
particular evolutionary lineages depends upon the
availability and scale of data. Evolutionary lineages
are continuous through time and can be subdivided
down to the level of individual replicators.

An arbitrary segment of an evolutionary lineage in
time classified as a distinct species. Species can be
delineated under many different protocols depending
upon divergence-based factors such as the data available,
studied organism (species criteria) and the
hypotheses under investigation.

The accumulation of genetic or phenotypic difference
among evolutionary lineages over time that results
in distinct variation. Divergence reflects the genetic
or phenotypic diversity among lineages, but it does
not necessarily require lineage-splitting. Difference
can also be measured through time between
ancestor and descendant populations.

The cessation of gene flow between populations
that causes an evolutionary lineage to divide
into two or more. The point at which an
interconnected gene pool splits in two.
Lineage-splitting can be reversed via hybridization.

The re-establishment of gene flow between two evolutionary
lineages. The inverse process of lineage-splitting.
Hybridization can occur between distantly related
lineages as well as recently split lineages.

Splitting of an evolutionary lineage arbitrarily
classified to correspond with the designation of
a new species. The origination of a species. The
classification of a species often depends upon
divergence-based factors such as the data available,
studied organism (secondary species criteria)
and the hypotheses under investigation.

No significant deviation from an evolutionary state (genetic,
phenotypic) over a period of time. Described character
states are typically a mean as individuals vary. It
reflects divergence that is minor, not sustained, or

which does not accumulate. It is driven by stabilizing selection,

frequency-dependent selection or selection conflict.

A slow, continuous rate of evolutionary change. Some
rate variation may occur but it is not overall
significant. Originally coined by Hutton (1788),
referring to the consistency of change in geology.
Expanded by Lyell (1833), in response to Whewell
(1831), to describe that the laws of nature (physics,
biology) are unchanging, but the rates of geological
preservation (e.g. sedimentation, erosion) are highly
variable. Co-opted by Darwin (1859) to refer to a
continuous rate of change during biological evolution
rather than abrupt change.

Process and pattern

Classification

Process

Process

Process

Classification

Hypothesis regarding
process

Hypothesis regarding
process
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confused the terms because anagenesis and cladogen-
esis have been conflated with variation in rates of
molecular evolution, speciation and diversification
(Benton & Pearson, 2001; Bokma, 2008). Mistakenly,
anagenesis is connected or synonymized with phy-
letic gradualism, gradualism or even stasis (Chaline,
1977; Bokma, 2002; Mattila & Bokma, 2008; Pachut
& Anstey, 2012; Lister, 2013; Pearson & Ezard,
2014), and cladogenesis with punctuated change
(Bokma, 2002, 2008; Lister, 2013). Rates of specia-
tion and cladogenesis are also incorrectly assumed to
be equal (Pennell et al., 2014b). The two terms have
even been referred to as ‘modes’ of evolution, sug-
gesting that fundamental mechanisms are described
(Pachut & Anstey, 2012; Strotz & Allen, 2013).

In palaeontology, usage is fairly consistent, with
‘cladogenesis’ typically defined as lineage-splitting
(branching) (de Queiroz, 1998; Jackson & Cheetham,
1999; Catley, Novick & Shade, 2010; Aze et al., 2013;
Bapst, 2013; Futuyma, 2013). Correspondingly, ‘ana-
genesis’ (or phyletic change) is treated as evolution-
ary change that occurs within a lineage (Johnson
et al., 2012; Pachut & Anstey, 2012; Aze et al., 2013;
Bapst, 2013; Futuyma, 2013; Strotz & Allen, 2013),
between lineage-splits (e.g. Hunt, 2013; Lister, 2013;
Van Bocxlaer & Hunt, 2013). This means that ‘anage-
netic change’ is used to mean evolutionary change
without lineage-splitting (Jackson & Cheetham, 1999;
Catley et al., 2010; Johnson et al., 2012; Bapst, 2013).

Nevertheless, there is a strong tendency to link
anagenesis and cladogenesis to speciation. Cladogene-
sis is commonly considered to be interchangeable with
speciation; lineage-splits are assumed to represent
the division of one species into two or more (Benton &
Pearson, 2001; Mattila & Bokma, 2008; Drew & Bar-
ber, 2009; Hunt, 2013; Lister, 2013; Strotz & Allen,
2013; Dynesius & Jansson, 2014; Pearson & Ezard,
2014). In contrast, anagenesis generates conflict as to
whether it is a form of speciation (e.g. Jackson &

Cheetham, 1999; Catley et al., 2010; Podani, 2013) or
is not (e.g. Bapst, 2013; Ezard et al., 2013; Lister,
2013; Strotz & Allen, 2013; Pennell et al., 2014a).
Species can be argued to originate without lineage-
splitting because the derived genotype or phenotype
of a seemingly un-split lineage is taken to be signifi-
cantly different from the ancestral state (Benton &
Pearson, 2001; Catley et al., 2010; Podani, 2013).
Such species are often referred to as ‘chronospecies’
(de Queiroz, 1998; Benton & Pearson, 2001; Haile-Se-
lassie & Simpson, 2013; White, 2013). These anage-
netically produced chronospecies are controversial as
they are based on difference of form along a lineage
rather than splitting or direct evidence of divergence;
they are therefore based on relative character states
and particular dates, which can be criticized as an
especially arbitrary basis for species delineation
(White, 2013, 2014; Vanderlaan & Ebach, 2014).



descriptive value of this distinction depends upon
observation. Problematically, splits are ubiquitous
during evolution but not all splits are fixed, and not
all splits are of interest. Breaks in gene flow (splits)
result in population structuring (Méndez, Tella &



In palaeontology, difference fails to accurately pre-



of lineage hybridization during speciation (Mallet,
2008a, b; Abbott et al., 2013; Seetre, 2013; Dynesius
& Jansson, 2014). Even discrete changes related
to instantaneous speciation can also be caused by
introgession via ploidy changes associated with
hybridization (Mallet, 2007; Mraz et al., 2012), and
the evolution of reproductive systems such as hybri-
dogenesis (Dubois, 2011; Pruvost et al., 2013).

Even when a lineage-split does represent an
abrupt evolutionary change or innovation, many
resulting lineages swiftly go extinct. For numerous
reasons, systematics generally pays little attention to
describing a unique lineage, even if it formed via a
single split, unless it persists for a significant length
of evolutionary time. The relevance of persistence
through time is relative to the studied organism and
is dependent upon evolutionary rate estimates that
embroil further problems such as gene tree hetero-
geneity (McCormack et al., 2010; Cutter, 2013), and
requires accurate estimations of extinction rates that
might be intractable (Barraclough & Nee, 2001;
Quental & Marshall, 2010; Morlon, Parsons & Plot-
kin, 2011). For example, a new viral strain may be
classified as a species-equivalent within a matter of
months, whereas a reproductively isolated group of
animals following a karyotype change is unlikely to
be classified as a species for thousands or millions of
years (Morgan-Richards, Trewick & Wallis, 2001).
Species classification is concerned with divergence,
hybridization, extinction and informative value as
much as splits and monophyly. Overall, it is unhelp-
ful to synonymize cladogenesis (and lineage-splitting)
with speciation.

UNDERSTANDING EVOLUTION WITHOUT ANAGENESIS
AND CLADOGENESIS

To illustrate the frequent redundancy of the terms ‘ana-
genesis’ and ‘cladogenesis’, we rephrase excerpts from
recent studies using fundamental concepts in evolution.



& Bokma, 2008; Patino et al., 2014). The most popu-
lar, robust definitions are based on the splitting of
evolutionary lineages (Jackson & Cheetham, 1999;
Catley et al.,, 2010; Bapst, 2013; Van Bocxlaer &
Hunt, 2013), and most authors conflate lineage-split-
ting with speciation (e.g. Mattila & Bokma, 2008;
Drew & Barber, 2009; Hunt, 2013; Dynesius & Jans-
son, 2014). This is problematic because lineage-split-
ting is prolific in nature and not all splits are of
interest — especially when investigating evolution
over long time periods. Splits are common due to
population structuring and extinction, and hybridiza-
tion and extinction mask and reduce the consequence
of many splits. Species are arbitrary units, and
therefore attempts to differentiate between lineage-
splits above and below the species level are relative
and dependent upon the studied organism, data
available and hypothesis under investigation.
Studying change in species diversity over time is
of immense value and is required alongside analysis
of the evolutionary process. We emphasize, however,
that conflating descriptions of the evolutionary pro-
cess (lineages, divergence, splitting, hybridization)
with taxonomy (species, speciation) does not benefit
either line of investigation. Anagenesis and cladoge-
nesis can remain useful terms if future definitions
are aware of this separation, even if the terms are
accepted to be relative to particular studied organ-
isms. However, if this problem is ignored, anagene-
sis and cladogenesis will remain a barrier to
communication across disciplines, and the terms
shall remain replaceable with more fundamental,
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