
Vol.:(0123456789)

Science & Education
https://doi.org/10.1007/s11191-024-00531-1

1 3

ARTICLE

Lineage Thinking in Evolutionary Biology: How to Improve 
the Teaching of Tree Thinking

Ronald A. Jenner1 

Accepted: 3 May 2024 
© The Author(s) 2024

Abstract
In 1988, Robert O’Hara coined the now ubiquitous phrase “tree thinking” to highlight 
the importance of cladistics for proper evolutionary reasoning. This accessible phrase has 
been taken up widely in the professional, popular, and educational literatures, and it has 
played an important role in helping spread phylogenetic thinking far beyond the discipli-
nary borders of systematics. However, the undeniable benefits of the spread of tree think-
ing have become marred by being widely linked to several misconceptions that were pre-
sent in O’Hara’s original writings. O’Hara incorrectly considered clades to be the central 
subjects of evolutionary narratives. By failing to appreciate that clades contain indepen-
dently evolving lineages, O’Hara has promoted the misleading view that evolution is irre-
ducibly branched. In this paper, I show how an exclusive focus on the branching realm of 
taxa has created a cladistic blindfold that has caused a form of lineage blindness that has 
spread widely through the literature dedicated to the teaching of tree thinking. Its symp-
toms include the rejection of phenomena and concepts that are fundamental to the realm 
of evolving lineages, including linear evolutionary imagery and narratives, the concepts of 
anagenetic evolution and missing links, our evolutionary descent from monkeys and apes, 
and the promotion of the nonsensical concept of collateral ancestors. To avoid simplistic 
tree thinking, it is crucial to recognize that the realms of taxa and lineages have distinctive 
features that require different kinds of thinking. I close by suggesting that teaching can be 
improved by linking tree thinking explicitly to lineage thinking.

1  Introduction

Thirty-six years ago, Robert O’Hara (1988) coined the phrase “tree thinking” as a short-
hand for proper thinking about evolutionary trees (O’Hara, 1988, 1992, 1998). Tree think-
ing emphasizes the branching nature of phylogeny, which provides the necessary context for 
correctly posing and answering questions about the origin and evolution of taxa and their 
traits. O’Hara’s ideas about tree thinking were inspired by the cladistic approach to systemat-
ics, which focuses on reconstructing the branching relationships between taxa. According to 
cladistic principles, all taxa are represented by terminal branches in tree-like diagrams, called 
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cladograms. The diverging branches are connected by nodes that are interpreted as points of 
common ancestry (hypothetical common ancestors). Cladograms are concise visual summa-
ries of the hierarchical patterns of relationships between taxa, but they do not depict direct 
ancestor–descendant relationships between taxa. However, by mapping the taxonomic distri-
bution of organismal traits onto cladograms, researchers can make evolutionary inferences, 
including the order in which traits evolved. Interpreted in this way, cladograms function as 
evolutionary or phylogenetic trees that represent the diverging histories of evolving lineages.

O’Hara’s phrase and its associated ideas have become ubiquitous in the literatures aimed at 
professional, popular, and educational audiences, and they have greatly assisted in spreading 
cladistic ideas beyond the disciplinary borders of systematics. However, the salutary influence 
of the spread of tree thinking has been accompanied by the largely unrecognized spread of 
several misconceptions, the seeds of which O’Hara unwittingly sowed in his own writings. 
By promoting a virtually exclusive focus on the collateral relationships of terminal taxa that 
overlooks the linear realm of lineages, O’Hara inadvertently created what I like to call a cla-
distic blindfold. This has caused him and others to overlook the lineal nature of evolutionary 
descent and to promote evolutionary views that are theoretically untenable and contradicted by 
empirical evidence (Jenner, 2018, 2022). What is worrying is that these misleading views are 
especially common precisely where they can do the most harm, namely in sources aimed at 
lay and educational audiences.

There is a sizeable recent literature dedicated to teaching students and non-specialist audi-
ences tree thinking, with much of it published in journals aimed at educators (Ainsworth & 
Saffer, 2013; Baum & Offner, 2008; Baum & Smith, 2013; Baum et  al., 2005; Blacquiere 
et al., 2020; Brown, 2016; Catley & Novick, 2008; Catley et al., 2010, 2013; Danos et al., 
2022; Davenport et  al., 2015; Dees et  al., 2014, 2018; Eddy et  al., 2013; Gibson & Hoe-
fnagels, 2015; Gregory, 2008; Halverson et al., 2011; Johnson et al., 2012; Kong et al., 2016, 
2017, 2022; Kummer et al., 2016; MacDonald & Wiley, 2012; MacFadden et al., 2012; Matuk 
& Uttal, 2011, 2020; Mead, 2009; Meikle & Scott, 2010; Meir et  al., 2007; Meisel, 2010; 
Morabito et  al., 2010; Novick & Catley, 2014, 2018; Novick et  al., 2011, 2012; Oakley & 
Pankey, 2008; Oliveira & Cook, 2017; Omland et al., 2008; Pobiner, 2016; Prothero, 2017; 
Sa’adah et al., 2016; Sandvik, 2008; Schramm & Schmiemann, 2019; Schramm et al., 2021; 
Seoh et  al., 2016; Van Dijk & Reydon, 2010; Wiley, 2010). Although these works on the 
whole do an admirable job in guiding novices through the challenges of tree thinking, many 
of them also present incorrect evolutionary views, including (1) the rejection of linear evolu-
tionary imagery and narratives, (2) the rejection of the concept of anagenetic evolution, (3) 
the rejection of the concept of missing links, (4) the promotion of the flawed concept of col-
lateral ancestors, and (5) the denial that humans evolved from monkeys and apes. Here, I will 
show that these misconceptions arise from simplistic tree thinking and explain how they can 
be avoided by adopting what I call lineage thinking. I close by suggesting that teaching can be 
improved by linking tree thinking explicitly to lineage thinking.

2 � Tree Thinking and Lineage Thinking

The key to understanding the relationship between tree thinking and lineage thinking as 
complementary aspects of proper phylogenetic thinking is to distinguish two evolution-
ary realms that are epistemically and ontologically distinct (Table 1 and Fig. 1). Outside 
the laboratory, the realm of taxa offers the only observable evidence for evolution. This 
is the realm of rhinos and daisies and trilobites and everything else visible in the natural 
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world. Since almost all known taxa are related to each other as collateral relatives, this 
is the branching realm of the products of evolution. In contrast, the invisible process of 
evolutionary descent with modification that produced all taxa is located in the empirically 
inaccessible realm of lineages composed of ancestors and their direct descendants. Because 
very few lineal ancestors of taxa are known, most of these ancestors are hypothetical. Nev-
ertheless, these realms are connected both ontologically and epistemically. When an evolv-
ing lineage splits, the shape of evolution changes from linear to branching, as independent 
lineages embark upon their own phylogenetic trajectories (the complications of reticulate 
evolution for tree thinking are not the focus of the literature discussed here). Of course, lin-
eage splitting does not sever the ties of descent, so when a lineage splits into two, the topol-
ogy of evolution is now simultaneously branching and linear. The independently evolving 
lineages (taxa) are now related as collateral relatives, while the organisms at the leading 
edge of both lineages are the direct, lineal descendants of linear strings of ancestors stretch-
ing back in time (Fig. 1).

These branching and linear realms are also connected epistemically. By mapping 
the characters of taxa onto evolutionary trees, researchers make inferences about prob-
able ancestral traits located at different points along lineages (Cunningham et  al., 1998; 
Joy et  al., 2016). The pattern of collateral relationships between taxa therefore provides 
a kind of index for the empirical evidence that is available for inferring lineage evolu-
tion. For instance, for the lineage leading to modern humans this index comprises a series 
of taxa that are increasingly distantly related to Homo sapiens, including Homo habilis, 

Table 1   Comparison of the distinctive features of the realms of tree (taxic) thinking and lineage thinking

a Central subjects are the fundamental entities or units that exist in these realms. Ontologically, only mono-
phyletic taxa have individuality, while both mono- and paraphyletic lineages can have individuality. For 
further discussion, see Jenner (2022: 322–323)
b Relationships in both realms can become reticulate when lineages fuse
c Lineage thinking is a kind of narrative thinking that focuses on the events that happened along evolving 
lineages. Although taxa can be components of narratives, tree (taxic) thinking is fundamentally non-nar-
rative because there is no time axis between monophyletic taxa along which a narrative can be developed
d The language of taxonomy and systematics speaks in terms of taxa. There is no equivalent language for 
thinking and talking about lineages. For instance, there is no single, unique name for the lineage leading 
from the last common ancestor of Old World monkeys and apes to Homo sapiens, even though it is a his-
torically unique lineage that exclusively represents all of our catarrhine ancestors

Features Tree (taxic) thinking Lineage thinking

Central subjectsa Taxa Lineages
Evolutionary process Cladogenesis (lineage splitting) Anagenesis (evolution within lineages)
Kind of relationship Between collateral relatives Between ancestors and descendants
Shape of relationshipsb Branched Linear
Time dimension Synchronic (restricted to the same time 

horizon)
Diachronic (extending through time)

Subject Pattern of the products of evolution Process of evolutionary descent
Epistemic nature Empirically accessible (observable) Empirically inaccessible (inferable)
Kind of thinkingc Non-narrative Narrative
Type of homology Taxic Transformational
Explanandum Homology of characters Origin of characters
Specific languaged Yes No
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Australopithecus africanus, chimps, gorillas, other primates, and other mammals. Although 
the realms of taxa and lineages are different facets of the same evolutionary reality, con-
fusion can arise when their distinctive characters are not recognized (see Table 1). As I 
discuss in detail in my recent book Ancestors in evolutionary biology (Jenner, 2022), by 
exclusively focusing on taxa and erroneously considering clades to be the central subjects 
of evolution, Robert O’Hara’s writings promoted a form of simplistic tree thinking that 
neglects the reality and nature of evolutionary lineages. The resulting fallacy that evolu-
tion is irreducibly branched, and that therefore linear evolutionary imagery and narratives 
should be rejected, was amplified in the influential writings of Stephen Jay Gould. Here, 
I show how widespread simplistic tree thinking is in the recent educational literature (see 
Table 2) and how the adoption of lineage thinking can correct these misunderstandings.

3 � The Cladistic Blindfold 1: Rejection of Linear Evolutionary Imagery 
and Narratives

The fundamental flaw of simplistic tree thinking that I call the cladistic blindfold is to focus 
exclusively on the branching realm of taxa, while overlooking the linear realm of lineages. 
The rejection of linear evolutionary imagery, like Fig. 2, is an emblematic error that results 
from donning the cladistic blindfold (Table 2). For example, in his book Evolution: what 
the fossils say and why it matters, Donald Prothero writes “the tendency to put things into 

Fig. 1   A cladogram depicting how we are related to our closest fossil relatives. Of the nine named taxa in 
the tree, seven represent the tips of diverging lineages. The only two taxa in the tree that are directly ances-
tral to other taxa are Homo antecessor and Homo heidelbergensis, which are direct lineal ancestors to us 
and Neanderthals. The other fossil taxa are our collateral relatives, not our ancestors. The topology is based 
on Parins-Fukuchi et al. (2019). Silhouettes are from phylopic.org
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simple linear order is a common metaphor for evolution – and also one of its greatest mis-
perceptions. The iconic image is the classic “ape-to-man” sequence of organisms marching 
up the evolutionary ladder… This icon of evolution is so familiar that it is parodied end-
lessly in political cartoons and advertisements… Most people think that this is an accurate 
representation of evolution. WRONG! Evolution is a bush, not a ladder!” [capitals and 
italics in original] (Prothero, 2017: 133). Linear evolutionary imagery should indeed be 
rejected if it inappropriately reflects a scala naturae, in which a series of collateral rela-
tives, like the terminal taxa in a cladogram, are lined up as if they represent an evolutionary 
lineage. However, the bare-bones geometry of evolutionary descent is linear as well, with 
a series of organisms or their traits representing successive fossil or hypothetical ances-
tors in a single evolutionary lineage. Branching evolutionary imagery is needed to capture 
the divergence of multiple independently evolving lineages produced by lineage splitting 
(cladogenesis), while reticulate diagrams can capture the fusion of lineages.

Most of the educational works that I surveyed here promote a false dichotomy between 
the linear and branching views of evolution (Table 2). In his interesting book on the history 
of visual metaphors for evolution, David Archibald labeled linear depictions of evolution 
“Steve Gould’s bane” and blames them for fueling “profound misunderstandings by the 
general public of how evolution operates” (Archibald, 2014: 19). This view has become so 
deeply entrenched in the literature that educators judge linear evolutionary diagrams drawn 
by lay people and students as tell-tale signs of flawed tree thinking (Halverson et al., 2011; 
Matuk & Uttal, 2011, 2020; Oliveira & Cook, 2017). Indeed, novices often incorrectly 
line up collateral relatives as if they formed lineages of ancestors and descendants, but 
none of the authors of the works discussed here offer what to me seems to be an obvious 
explanation for this. The one thing that many non-experts know about evolution is that it 
is a process of historical transformation, of things “evolving from” other things, of things 
“transforming” or “turning” into other things. In the context of this background knowledge, 
lay people therefore correctly intuit that the fundamental shape of evolution is linear—evo-
lutionary descent tracks the arrow of time. But properly understanding how the linear pro-
cess of descent relates to the branched relationships between collateral relatives produced 
by cladogenesis requires the focused training provided by educators. It is worth noting here 
that this same struggle to come to grips with the dialectics of the linear and branching 

Fig. 2   A version of the iconic linear march of human evolution. If the images represent hypothetical or 
fossil ancestors in a lineage rather than collateral relatives, it accurately depicts the bare-bones shape of 
evolutionary descent (after an original by José-Manuel Benitos, modified by M. Garde, and licensed under 
a Creative Commons Attribution-Share Alike 3.0 Unported license: https://​commo​ns.​wikim​edia.​org/​wiki/​
File:​Human_evolution_scheme.svg; last accessed 27 July 2023)

https://commons.wikimedia.org/wiki/File:Human_
https://commons.wikimedia.org/wiki/File:Human_
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views of evolution can be traced through the history of evolutionary biology, as scientists 
grappled with the problem of aligning their theoretical understanding of evolution with the 
systematic diagrams they were drawing (Jenner, 2022).

Instead of offering the above common-sense explanation for why novices produce linear 
evolutionary imagery and think about evolution in narrative terms, authors have attempted 
to ascribe these tendencies to a mixture of cognitive and cultural biases that produce an 
incorrect but inescapable penchant for linear storytelling (Gould, 1989; Matuk & Uttal, 
2011, 2020; O’Hara, 1988; Oikkonen, 2009). The cladistic blindfold can even cause near 
complete lineage blindness. This is strikingly illustrated by Catley et al. (2010), who asked 
university students to describe four evolutionary trees. The authors concluded that students 
who used process phrases like “evolved from,” “evolved into,” and “derived from” in their 
explanations have a less sophisticated understanding than students who did not use such 
process phrases. This conclusion is puzzling. Like most non-experts, these students already 
had the basic understanding that evolution is a process of historical change (they had all 
taken biology in high school), which lays the foundation for intuitive lineage thinking. 
Moreover, three of the four trees depicted the evolution of hominins and horses, with fos-
sil taxa deliberately placed in ancestral positions. The other tree was a rendition of Ernst 
Haeckel’s infamous Pedigree of Man, which includes a series of hypothetical common 
ancestors along the main trunk. Such trees appropriately invite the use of narrative lan-
guage to describe the process of evolutionary descent. According to the authors, however, 
such language is inappropriate because it suggests that evolution can happen by the process 
of anagenesis, “whereby one species evolves directly into another without any branching 
events” (Catley et al., 2010: 864). Since they consider such a concept of anagenesis where 
“one taxon turned into another” to be “spurious” (Catley et al., 2010: 879), they marked 
down answers that used the language of evolutionary transformation. As we will see, the 
problem is that Catley et al. and many other authors define anagenesis with respect to the 
origin of new species. This forces a taxic concept onto the realm of lineages, which inevi-
tably causes problems.

4 � The Cladistic Blindfold 2: Rejection of Anagenetic Evolution

Anagenesis receives various definitions in the current literature. For example, in addition 
to the definition provided by Catley et al., (2010), Hoekstra and Coyne (2007: 1005) define 
it as “adaptation within lineages,” Rieppel (2013: 163) defines it as “gradual transforma-
tion within a species lineage between two cladogenetic events,” and (Ochoterena et  al., 
2019: 771) define it as “character transformation as a function of time within a lineage.” 
The consensus underpinning these variations is that anagenesis refers to evolutionary 
change within lineages. It should therefore be an uncontroversial concept. However, as 
Table 2 shows, it is rejected in many educational papers, and evolutionary trees with fos-
sils depicted in ancestral positions are therefore deemed inappropriate (Catley & Novick, 
2008; Catley et al., 2010; Novick et al., 2011; Schramm et al., 2021). The reason for this is 
that in these papers anagenesis is invariably defined with respect to the origin of new spe-
cies, which is contrasted with speciation by cladogenesis. For example, Catley et al., (2010: 
864) write that “[a]lthough change within a single species is well documented, one species 
changing into another species is not.” Linking anagenesis to speciation places an inappro-
priate taxic constraint on the concept.
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Lineages are the fundamental ontological units of evolutionary descent (Table 1) (Bur-
brink et al., 2022; De Queiroz, 1999, 2005; Padial & De la Riva, 2021). Investigating how 
taxa relate to lineages is one of the challenging tasks of systematic biology. But no matter 
if and where we draw diachronic species boundaries along unbranching lineages, these do 
not signal the cessation of anagenetic evolution. Anagenetic change snakes its way continu-
ously along every evolving lineage in the web of life. When cladogenesis splits a lineage, 
anagenesis now flows along two diverging lineages. Anagenesis and cladogenesis should 
not be contrasted as alternative modes of evolution, a conceptual error widely spread by 
Stephen Jay Gould in both his popular and professional writing (Jenner, 2022). For exam-
ple, in a technical paper based on his 1987 Presidential Address to the Paleontological 
Society, Gould (1988: 319) wrote “Professionals, of course, recognize the bushiness of 
equid and hominid trees, but still view the lone survivors as end-products of a coherent 
anagenetic sequence within the bush” [italics in original]. And in his popular science book 
Full House, Gould (1996: 62–63) wrote “Evolution rarely proceeds by the transforma-
tion of a single population from one stage the next. Such an evolutionary style, technically 
called anagenesis, would permit a ladder, a chain, or some similar metaphor of linearity to 
serve as a proper icon of change. Instead, evolution proceeds by an elaborate and complex 
series of branching events, or episodes of speciation (technically called cladogenesis, or 
branch-making)” [italics in original]. This misleading view that the linear and branching 
views of evolution are somehow in conflict is echoed in much of the educational literature 
that I surveyed here (Table 2). In reality, they are just different aspects of lineage evolution.

In many educational papers, lineage thinking is compromised by overly taxic thinking. 
To remove this cladistic blindfold, it is important to keep the ontology of evolution in mind. 
Brower (2021: 796), for instance, defined lineages as “unbranched series of ancestor and 
descendant species through time.” But if lineages are the ontological units of evolutionary 
descent, this definition gets things precisely backwards. The challenge is how to demarcate 
and define species and supraspecific taxa with respect to evolving lineages. Most of the 
observable evidence for evolution comes packaged as terminal taxa, so there is an under-
standable pragmatic temptation to define the invisible realm of lineages in terms of what is 
empirically accessible. But tying anagenetic evolution exclusively to the origin of species 
creates a taxic concept that is incommensurate with lineage thinking. Defining it simply as 
evolution within lineages, anagenesis becomes the beating heart of lineage thinking.

5 � The Cladistic Blindfold 3: Rejection of Missing Links

If evolution is descent with modification, then the concept of missing links (transitional 
forms) expresses the unbroken genealogical continuity of lineages. Ontologically, missing 
links are equivalent to lineal ancestors, and the concept therefore falls squarely within the 
purview of lineage thinking. Yet, few evolutionary concepts have been as strongly repu-
diated in the literature aimed at lay and educational audiences as missing links. What is 
surprising is that some of the most pointed criticisms have come from paleontologists. 
Stephen Jay Gould (1998: 202) called missing links a “hoary and clichéd concept,” while 
Alan Gishlick (2003: 41) and Donald Prothero (2017: 89) dismissed the concept with 
identical words: “there is no such thing as a missing link.” Henry Gee, who was trained 
as a paleontologist, explained that he wrote his book The Accidental Species in large part 
“to explain why terms such as “missing link” encapsulate more than a century of error in 
thinking about evolution, particularly of human beings. They reinforce a monstrous view 
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of evolution whose function is to cement our own self-regard as the imagined pinnacle of 
creation” (Gee, 2013: x). And science writer Riley Black, who was resident paleontologist 
for the 2015 blockbuster movie Jurassic World, included this subhead in a 2018 online 
article about missing links for the Smithsonian Magazine: “While some still use the term, 
experts abhor it because it implies that life is a linear hierarchy” (https://​www.​smith​sonia​
nmag.​com/​scien​ce-​nature/​whats-​missi​ng-​link-​18096​8327/; last accessed 27 November 
2023). One of the experts that Black interviewed for her article was Smithsonian paleo-
anthropologist Briana Pobiner, who said that “the idea of a “missing link” implies a lin-
ear chain of one species evolving into another, evolving into another, and so on,” while in 
reality evolution “produces a tree-like branching pattern with multiple descendants of an 
ancestor species existing at the same time, and sometimes even alongside that ancestor spe-
cies.” Pobiner claims that the “idea that paleontologists (including paleoanthropologists) 
are searching for “missing links,” a phrase often seen in the media, implies incorrectly that 
evolution proceeds a linear chain or ladder-like progression” (Pobiner, 2016: 238).

Missing links may be a problematic concept if, like Gee, you see it as a remnant of the 
pre-evolutionary notion of the scala naturae that is hitched to unsupportable notions, such 
as predictable evolutionary progress and anthropocentrism. However, to reject it because 
evolution is branching rather than linear is a form of simplistic tree thinking. It is true that 
paleontologists do not spend all their time looking for missing links, but this is not because 
evolutionary descent is not linear. It is because the chance of finding a lineal ancestor to 
a known taxon is very slim. And yet, it is precisely paleontologists who are sometimes 
lucky enough to find fossils that are thought to represent a direct link in a lineage leading 
to a known taxon (Carr et al., 2017; Parins-Fukuchi et al., 2019; Tsai & Fordyce, 2015). 
Missing links, transitional forms, intermediate forms, and lineal ancestors are real parts 
of evolving lineages, but they are rarely glimpsed. This is the reason why most of the light 
that our research sheds on lineage evolution is indirect and refracted back from the study 
of characters in clades of collateral relatives. But as we will see in the next section, this has 
led some authors to the peculiar claim that there is a kind of ancestor that can be found in 
the branching realm of taxa after all.

6 � The Cladistic Blindfold 4: The Flawed Concept of Collateral Ancestors

Evolutionists need their sharpest tools in debates with creationists. Because these debates 
are often marred by accidental and wilful misunderstandings, conceptual precision and 
clarity are of paramount importance. One of the concepts that some evolutionists have used 
specifically to explain evolution to creationists is the concept of collateral ancestors (Gish-
lick, 2003: 41–43; Padian & Angielczyk, 2007; Mead, 2009: 311; Scott, 2009: 190–191; 
Fitch, 2012: 80; Prothero, 2017: 89). It is usually introduced in an analogy to family rela-
tionships, where your lineal ancestors, like your parents, are distinguished from your col-
lateral ancestors, like your uncles. Likewise, the lineal ancestors of a taxon are part of the 
lineage leading directly to it, while its collateral ancestors are said to share an ancestor 
with it, without being in its direct line of descent. However, this synonymizes collateral 
ancestors and collateral relatives. Indeed, Padian and Angielczyk (2007: 211) and Prothero 
(2017: 89) explicitly equate collateral ancestors with sister taxa! But relatives and ances-
tors are not the same. The taxic realm of collateral relatives and the realm of lineal ances-
tors should not be conflated (Table 1).

https://www.smithsonianmag.com/science-nature/whats-missing-link-180968327/
https://www.smithsonianmag.com/science-nature/whats-missing-link-180968327/
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For example, Fig. 1 depicts how we are related to eight of our closest fossil relatives 
based on a phylogenetic reconstruction by Parins-Fukuchi et al. (2019). According to this 
tree, Homo antecessor and Homo heidelbergensis are direct lineal ancestors of both us 
and Neanderthals. The other fossil taxa are our collateral relatives as they are not directly 
ancestral to us and instead represent lineages that have diverged from our own ancestral 
lineage at different points in time.

Using the flawed concept of collateral ancestors is likely to cause confusion in teaching 
and debates. For example, in their attempts to dismiss fossil evidence for evolution, crea-
tionists often correctly point out that Archaeopteryx is not a lineal ancestor of modern birds. 
In response, some evolutionists then accuse them of naïve, linear scala naturae thinking, 
while pointing out that Archaeopteryx is in fact a collateral ancestor of modern birds (Gish-
lick, 2003: 41; Padian & Angielczyk, 2007: 233; Prothero, 2017: 89). This is unlikely to 
help these authors’ explanations of how evidence from collateral relatives can be used for 
ancestral state reconstructions. Evolutionists should not forget that most lay people think 
in terms of linear transformations because they are intuitive lineage thinkers. Non-experts, 
including creationists, understand that the realms of ancestors and relatives are distinct and 
are unlikely to be convinced by arguments that conflate them. By importing a taxic concept 
into the realm of evolving lineages, these authors themselves commit precisely the thought 
crime of which they accuse creationists. It is therefore of interest here that the founder of 
phylogenetics already warned lay audiences in 1874 against confusing “the direct descend-
ants with the sidelines,” because “our adversaries often use the mistaken views resulting 
from this confusion to combat the descent theory” (Haeckel, 1874: 362). The example that 
Haeckel went on to discuss is the denial that humans evolved from monkeys.

7 � The Cladistic Blindfold 5: Humans Did Not Evolve from Monkeys 
and Apes

A lack of proper lineage thinking by some evolutionists has led to the peculiar situa-
tion that they seem to agree with creationists that we did not evolve from monkeys. The 
denial that we evolved from monkeys and apes is frequently included in online lists 
of top myths about evolution from respectable outlets (https://​www.​skept​ic.​com/​downl​
oads/​top-​10-​evolu​tion-​myths.​pdf; last accessed 27 November 2023; https://​www.​busin​
essin​sider.​com/​human-​evolu​tion-​myths-​2023-3?​r=​US&​IR=T#​myth-​survi​val-​of-​the-​
fitte​st-​means-​only-​the-​stron​gest-​survi​ve-3; last accessed 27 November 2023; https://​
www.​pbs.​org/​wgbh/​evolu​tion/​libra​ry/​faq/​cat02.​html; last accessed 27 November 2023; 
https://​www.​bbc.​co.​uk/​news/​scien​ce-​envir​onment-​45564​594; last accessed 27 Novem-
ber 2023), and it is promoted in literature aimed at educational and lay audiences (Greg-
ory, 2008; Halverson et al., 2011; MacFadden et al., 2012; Meikle & Scott, 2010; Pro-
thero, 2017; Scott, 2009; Smith & Sullivan, 2007). Haeckel (1874: 362) already realized 
a century and a half ago that many lay people denied our monkey ancestry because they 
only think in terms of what is familiar to them, namely living species, instead of extinct 
ancestors. A small but crucial adjustment of language can therefore help correct this 
misconception: we evolved from extinct monkeys and apes (Jenner, 2018, 2022; John-
son et al., 2012; Meikle & Scott, 2010; Pobiner, 2016). However, this linguistic clarifi-
cation can be undone by simplistic tree thinking.

Questions about the evolutionary origins of taxa and traits can only be answered with 
the logic and concepts of lineage thinking. However, a common strategy adopted by tree 

https://www.skeptic.com/downloads/top-10-evolution-myths.pdf
https://www.skeptic.com/downloads/top-10-evolution-myths.pdf
https://www.businessinsider.com/human-evolution-myths-2023-3?r=US&IR=T#myth-survival-of-the-fittest-means-only-the-strongest-survive-3
https://www.businessinsider.com/human-evolution-myths-2023-3?r=US&IR=T#myth-survival-of-the-fittest-means-only-the-strongest-survive-3
https://www.businessinsider.com/human-evolution-myths-2023-3?r=US&IR=T#myth-survival-of-the-fittest-means-only-the-strongest-survive-3
https://www.pbs.org/wgbh/evolution/library/faq/cat02.html
https://www.pbs.org/wgbh/evolution/library/faq/cat02.html
https://www.bbc.co.uk/news/science-environment-45564594
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thinkers is to rephrase these questions in an attempt to answer them with taxic concepts. 
For example, after Meikle and Scott (2010: 574) correctly point out that some of our ances-
tors are “fossil apes,” they write that “[i]t is not that humans descended from apes and that 
apes descended from monkeys; rather, humans and apes share a common ancestor, and it 
is more recent than the common ancestor they both share with monkeys” (Meikle & Scott, 
2010: 575). Reading that some of our ancestors were fossil apes but that we did not evolve 
from apes is confusing. In their textbook, Baum and Smith (2013: 30) similarly advise that 
it is prudent to rephrase questions about evolutionary descent in terms of taxic language, 
so that instead of saying “[h]umans evolved from apes, which evolved from monkeys,” this 
could be “described using more accurate language, [as] Hominids are a subgroup of apes, 
and apes are a subgroup of monkeys.” But this is not more accurate language. The specifi-
cation of these subgroups establishes that non-hominid apes and non-ape monkeys are par-
aphyletic (a taxonomic group that contains some but not all of the descendants of a specific 
common ancestor). This is simply a restatement of our evolutionary descent from monkeys 
and apes in the taxic language of systematics. Before discussing the problem of using taxic 
language in the realm of lineages, we need to confirm that available evidence indeed shows 
that some of our ancestors were monkeys and apes.

Figure  3 shows the accepted phylogenetic relationships of humans and their most 
closely related living primate relatives (Shao et al., 2023). Monkeys and apes are paraphy-
letic groups. Therefore, the lineage between nodes Z and Y represents our extinct monkey 
ancestors, while the lineage between nodes X and U represents our extinct ape ancestors. 
The lineage between nodes Y and X is where our ancestors evolved the characters that dis-
tinguish apes from monkeys. The paraphyly of monkeys and apes has been consensus for 
many decades (Romer, 1954; Shao et al., 2023), so it should be uncontroversial to state that 

Fig. 3   A phylogeny depicting the relationships between humans and our nearest living  primate relatives. 
Clade names discussed in the main text are indicated (modified after Fig. 14a in Gregory, 2008)
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we evolved from monkeys and apes. It is puzzling that this is denied by professional biolo-
gists and paleontologists, sometimes in strongly worded statements and in conflict with evi-
dence presented in their own works. For instance, Ryan Gregory (2008: 132), whose paper 
includes Fig. 3, writes that “no sane biologist” would accept that humans descended from 
monkeys. Donald Prothero (2017: 374) concludes that people who believe we evolved from 
monkeys “live in a web of lies.” Surprisingly, Prothero states this 12 pages after showing 
a tree with an identical topology to Fig. 3 and claiming earlier in his book that “[h]umans 
still have the genes for the long tails of our monkey ancestors” (Prothero, 2017: 107).

Interestingly, when these authors discuss the evolution of birds, they unambiguously 
conclude that these evolved from, or indeed are, dinosaurs (Gregory, 2008: 131; Scott, 
2009: 49; Prothero, 2017: 277). This inconsistency is striking given that the phylogenetic 
context in these cases is identical. Just as a lineage of dinosaurs evolved into birds, so did a 
lineage of monkeys give rise to apes and us. Perhaps correct lineage thinking was triggered 
in the case of the ancestry of birds because it forced these authors to think about fossils 
(crocodylians, the nearest living relatives of birds, provide a poor starting point for trying 
to understand bird origins) and adopt a diachronic perspective. But the taxonomic language 
that we all use to talk about evolution can itself be a hurdle to lineage thinking, especially 
for novices.

8 � The Difficulty of Lineage Thinking with Taxic Concepts

Taxic thinking cannot do explanatory work in the realm of lineages. As O’Hara (1988) 
rightly pointed out in his original paper on tree thinking, questions about evolutionary 
descent ask for descriptions and explanations of events, of changes, transformations, and 
transitions of states. Mere descriptions of states offer no entry into questions about evo-
lutionary origins. What O’Hara did not seem to realize is that by focusing exclusively on 
the realm of taxa, tree thinking can only offer descriptions of states. Rephrasing “humans 
evolved from apes and apes evolved from monkeys” as “humans and apes share a common 
ancestor that is more recent than the common ancestor they share with monkeys” changes 
a lineage explanation of evolutionary transformation (Calcott, 2009) into a taxic descrip-
tion of relationships. Such taxic descriptions set the necessary context for posing questions 
about lineage evolution, but due to the lack of a diachronic element they cannot answer 
them. Without an accompanying tree, one could not even infer from this taxic statement if 
humans evolved from apes or apes evolved from monkeys. If humans and apes are mono-
phyletic sister taxa, their last common ancestor was neither ape nor human. And if mon-
keys are the monophyletic sister group to humans and apes, the last common ancestor of 
all three taxa was not a monkey. But because both monkeys and apes are paraphyletic, 
we know that segments of our ancestral lineage must have contained extinct primates that 
deserve to be called monkeys and apes as much as their surviving relatives do.

Of course, a core component of tree thinking is to only accept clades as real systematic 
entities and to reject supraspecific taxa that are non-monophyletic. From a taxic perspec-
tive, this is eminently sensible, but precisely communicating about evolving lineages with 
the language of monophyletic taxa is difficult. The recognition of paraphyletic taxa that 
deliberately exclude specific lineages allows us to create evolutionary origin narratives for 
these lineages in terms of qualitative transformations: some monkeys evolved into apes, 
which were then no longer monkeys, and some of these apes evolved into humans, who 
were then no longer apes. The names of paraphyletic taxa provide us with an exclusionary 
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taxic vocabulary that is ideally suited to describing lineage evolution as a flow of chang-
ing identities. It is therefore unsurprising that paraphyletic taxa were used so frequently 
by pre-cladistic evolutionists to talk about evolutionary descent (Jenner, 2022). O’Hara 
(1992) rightly called paraphyletic taxa “narrative devices” because they allow us to talk 
about evolving lineages in taxic language. But he and Sandvik (2009: 433) were wrong in 
condemning this practice for causing “distortions of evolutionary history.” Although rec-
ognizing paraphyletic taxa is bad taxonomic practice, they allowed evolutionists to talk and 
think about lineage evolution in the only language available to them.

Importantly, the use of paraphyletic taxa to convey the sense that evolutionary descent 
involves a flow of changing identities aligns with lay peoples’ intuitive understanding of 
how identities can be demarcated along a continuous flow of change in a realm they are 
intimately familiar with. We recognize that during our lives we go through successive 
stages, including embryo, fetus, new-born, toddler, adolescent, and adult. These succes-
sive identities are exclusive and non-overlapping. We no longer consider an adult to be an 
adolescent or a toddler, just as we are no longer apes or monkeys. However, this sense of 
qualitative transformation that is intuitive to non-experts is impossible to convey using the 
language of monophyletic taxa.

For example, we could say that we are simiiforms and hominoids to specify that we 
are primates in the clade Simiiformes (monkeys and apes and us) and the subclade Homi-
noidea (apes and us) (see Fig. 3). But because nested sets of monophyletic taxa form an 
inclusive hierarchy, logically speaking, we should not say that we evolved from simiiforms 
or hominoids. Similarly, we do not say that beetles evolved from insects, or that primates 
evolved from mammals; beetles are insects, and primates are mammals. The taxic language 
of clades is incommensurate with the narrative language that is appropriate for describ-
ing evolutionary descent. Answering the question “what did this taxon evolve from?” with 
taxic language can only produce a kind of self-referential answers in which evolutionary 
descent seems to retreat in a preformationist paradox. Did we evolve from primates? No, 
we are primates. Did we evolve from mammals? No, we are mammals. How can we escape 
this paradox?

Tree thinkers resort to referring to shared common ancestors. We evolved from a com-
mon ancestor we share with other mammals, and more recently we evolved from a common 
ancestor we share with other primates. But since the identity of these common ancestors is 
not specified, this does not provide a satisfactory answer to the question of what exactly it 
was that we evolved from. The solution lies in proper lineage thinking and remembering 
that clades are what Peter Ax (1985) called “closed descent communities.” Nothing evolves 
from clades. Evolutionary descent is a lineage-level process, and questions about evolu-
tionary origins should therefore be answered with reference to specific lineages of (often 
mostly hypothetical) ancestors or what Ax (1985) called stem lineages. It is therefore accu-
rate to say that some of our ancestors were stem primates, stem simiiforms, stem catar-
rhines, and stem hominoids. However, it is not accurate to say that we evolved from simii-
forms, because we are simiiforms (the clade defined by node Z in Fig. 3), but we did evolve 
from some specific simiiforms, namely the stem catarrhines in our ancestral lineage (the 
lineage between nodes Z and Y in Fig. 3). This shows that taxic language and the language 
of stem lineages convey very different aspects about evolution that should not be confused.

Note that by demarcating the successive, discrete segments of our ancestral lineage on 
the basis of distinct stem lineages, we correctly convey the notion that evolving lineages 
continuously change identity. This brings lineage thinking into correspondence with lay 
peoples’ intuitive and correct understanding that identities of time-extended entities, like 
ourselves, can change over time.
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9 � Teaching Tree Thinking and Lineage Thinking Together

The works that I have surveyed here perform an essential service to the evolutionary edu-
cation of non-expert audiences by introducing the fundamentals of tree thinking. How-
ever, many of them focus almost exclusively on the branching realm of taxa, while paying 
insufficient attention to the realm of lineages. This is understandable insofar as almost all 
empirically accessible evidence for evolution is packaged within taxa. But because most 
described taxa are the terminal products of evolution, this perspective sidelines the process 
of evolutionary descent. I have shown that the resulting cladistic blindfold can cause a form 
of lineage blindness, symptoms of which are the rejection of linear evolutionary imagery, 
anagenetic evolution, the concept of missing links, the use of narrative language, our mon-
key and ape ancestry, and the promotion of the illogical concept of collateral ancestors. It 
is worrying that there are professional researchers who consider branching and linear evo-
lutionary perspectives to be in conflict rather than inextricably linked. For example, Mac-
Fadden et al., (2012: 31) write that “instead of a linear sequence in which ancestral species 
evolve directly into their descendants, the evolutionary tree of horses is bushy.” And in 
a volume that celebrates the scientific legacy of Stephen Jay Gould, paleoanthropologist 
Ian Tattersall (2013: 119) approvingly cites Gould’s view that “‘ladders’ (evolution as a 
continuous sequence of ancestors and descendants) do not represent the path of evolution.” 
The fact that professional scientists fail to appreciate some of the basic fundamentals of 
evolutionary biology shows that the cladistic blindfold is a potent conceptual lock.

To improve phylogenetic thinking and teaching requires removing the cladistic blindfold 
and linking tree thinking explicitly to lineage thinking. The most effective way of doing 
this is not to start the teaching of evolution by discussing the branching realm of taxa but 
by first explaining that evolution is a process of descent with modification that happens 
within lineages of ancestors and descendants. Excellent examples of this are the papers by 
Baum and Offner (2008) and Brown (2016) and the book by Baum and Smith (2013). By 
pointing out the distinctive features of the realms of taxa and lineages (Table 1), students 
can appreciate that different, complementary types of thinking are appropriate for each. Let 
us celebrate O’Hara’s fruitful phrase of tree thinking, while adding Ax’s stem lineage con-
cept as a much-needed ingredient to the proper teaching of evolution.
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