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Abstract

Historical explanations in evolutionary biology are commonly characterized as nar-
rative explanations. Examples include explanations of the evolution of particular
traits and explanations of macroevolutionary transitions. In this paper I present two
case studies of explanations in accounts of pathogen evolution and host-pathogen
coevolution, respectively, and argue that one of them is captured well by established
accounts of time-sequenced narrative explanation. The other one differs from narra-
tive explanations in important respects, even though it shares some characteristics
with them as it is also a population-level historical explanation. I thus argue that the
second case represents a different kind of explanation that I call Aistorical explana-
tion of type phenomena. The main difference between the two kinds of explanation
is the conceptualization of the explanandum phenomena as particulars or type phe-
nomena, respectively. Narrative explanations explain particulars but also deal with
generalization, regularities and type phenomena. Historical explanations of type
phenomena, on the other hand, explain multiply realizable phenomena but also deal
with particulars. The two kinds of explanation complement each other because they
explain different aspects of evolution.

Keywords Narrative explanation - Historical explanation - Evolutionary
explanation - Experimental evolution - Phylogeography - Evolutionary biology

Introduction

Evolutionary biology as a historical science shares characteristics with other sci-
ences like chemistry and physics but also with human history (Harrison and Hesketh
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2016; Kaiser and Plenge 2014). For example, historical explanations can be found
in human history as well as in the historical sciences. Recently, the topic of narrative
explanation in the sciences has been increasingly fleshed out by philosophers (e.g.,
Currie 2014; Beatty 2016; Morgan 2017; Carrier et al. 2021). In this paper I pres-
ent two case studies of explanations in evolutionary biology that result from studies
of pathogen evolution and host-pathogen coevolution, respectively. I show that the
characteristics of one of the explanations can be captured by established accounts of
narrative explanation. The other one, however, differs from narrative explanations in
important respects. The main difference between the two kinds of explanation is the
conceptualization of the explanandum phenomena as particulars or type phenom-
ena, respectively. I thus argue that aside from narrative explanations, there is at least
one other kind of historical explanation in evolutionary biology that I call historical
explanation of type phenomena.

By comparing narrative explanations and historical explanations of type phenom-
ena, | carve out the characteristics of the latter. The two kinds of historical explana-
tion in evolutionary biology have in common that they include temporal sequences
and are population-level explanations that deal with transgenerational processes.
However, they also differ from each other as they result from different research activ-
ities. While narrative explanations are generated by reconstructing past evolution,
historical explanations of type phenomena in evolutionary biology result from study-
ing known evolutionary pathways (e.g., through laboratory experimental evolution).
Both explanations complement each other because they explain different aspects of
evolution. Narrative explanations explain how and why biological populations came
to be as they are by providing a temporal sequence of events that has led to their
current state. Thus, one of the central activities of narrative reasoning in evolution-
ary biology is reconstructing an evolutionary pathway through ordering of relevant
materials. Historical explanations of type phenomena, however, are not constructed
through ordering, but through constructing and/or observing a temporal sequence
that shows how a phenomenon arises in the processes of evolution. When histori-
cal explanations of type phenomena are generated, the temporal sequence is known
and to a certain extent manipulated by the experimenter (e.g., when populations
are exposed to novel environments). Also, historical explanations of type phenom-
ena cover shorter time spans and are more fine-grained than narrative explanations
in evolutionary biology. The most important difference, however, is that narrative
explanations explain particulars but also deal with type phenomena, generalization
and regularities while historical explanations of type phenomena explain multiply
realizable phenomena, but also deal with particulars.

Time-sequenced narrative explanations

While early discussions of narrative explanation mostly revolve around explanations
in accounts of human history (e.g., Danto 1962; White 1963), it is now recognized
that narrative explanations also play an important role in the historical (natural) sci-
ences (e.g., paleontology, evolutionary biology, geology; Kaiser and Plenge 2014;
see also Hull 1975; O’Hara 1988, 1992; Beatty 2017; Roth 2017, 47-50; Ereshefsky
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and Turner 2020; Huss forthc.; Hopkins forthe.; Carrier et al. 2021). In this section I
discuss the central characteristics of time-sequenced narrative explanations (tempo-
ral narratives) in the historical sciences. !

Narrative reasoning usually starts with a puzzling phenomenon and the question
how and why things came to be as they are (Little 2010, 29; Roth 2017, 44). In the his-
torical sciences, the answer to this question references a temporal series that includes
events that happened at earlier points in time (see Little 2010, 29; Martin 1968, 72f;
Danto 1968, 201ff; Beatty 2017; Ereshefsky and Turner 2020). In other words, to
explain the phenomenon of interest “we need a backstory that rewinds time to some
event in the more distant past, and then takes us forward through events” (Beatty
forthc., emphasis original). In time-sequenced narrative explanations, a sequence of
intermediate states bridges an initial state and an observed situation which makes
earlier and later stages comparable (Carrier et al. 2021, 14). One way of reconstruct-
ing the past is to look for traces (Cleland 2002; Currie 2018, 56) or clues (Ginzburg
1979) and infer past events from this evidence. Imagine, for example, that you come
home from work to discover that your living room window is broken. You find pieces
of glass and a football on your living room floor. You have not witnessed the actual
event, the shattering of the window, but you will probably infer from the traces that
the football caused the shattering of the window (see Cleland 2002, 487). This type
of trace-based reasoning can be compared with detective work where the investigator
tries to reconstruct the crime based on the clues that they find (Cleland 2002, 490;
Ginzburg 1979, 276; Haines forthc.).

Another important feature of narrative explanations is that they can only be known
retrospectively (Roth 2017; Danto 1962; Martin 1968, 74; Ereshefsky and Turner
2020). One needs to know how the story ends to be able to identify its beginning and
unfolding. Danto (1962) has coined the concept of narrative sentences to express this
aspect. Narrative sentences “give descriptions of events under which the events could
not have been witnessed, since they make essential reference to events later in time
than the events they are about” (Danto 1985, xii). Examples for narrative sentences
are “The Thirty Years War began in 1618 (Danto 1962, 155) and “a is an ancestor
of b” (Griesemer 1996, 66). Although the concept of narrative sentences is helpful to
express the significance of retrospection in narrative reasoning, it is important to note
that not all narrative explanations necessarily contain explicitly narrative sentences.
Andrew Hopkins (forthc.), for example, argues that although explanations or inter-
pretations in geology are narrative in character, narrative sentences and statements
are rare in some geology papers and typically appear in abstracts or conclusions.
However, he identifies many “(nominally) descriptive sentences laden with vari-
ous cues which contain the implicit, underlying narrative of geological processes”
and argues that a trained geologist automatically picks up these cues and “makes a
range of default assumptions which are translated into causally connected sequences”
(Hopkins forthc.).

! Morgan (2017, forthc.) and Carrier et al. (2021) argue that not all narratives are temporal. Carrier et al.
(2021) distinguish between “narratives in the temporal sense” and “narratives in the coherentist sense”.
In Morgan’s (2017) account of narrative ordering, time ordering is only one of several types of narrative
ordering. In this paper, however, I deal with explanations in evolutionary biology and thus focus on “nar-
ratives in the temporal sense”.
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John Beatty (2016) draws attention to the role of contingency in historical expla-
nations. He argues that narrative explanations account for contingent outcomes and
distinguishes between contingency upon prior events and contingency per se. An
event is contingent per se if it was “not bound to occur; it was possible, but there were
other possibilities; it was a matter of chance” (Beatty 2016, 36). If an event depended
on the occurrence of an event that happened earlier in time, it is contingent upon that
event (Beatty 2016, 36). The events that are included in the temporal series of a nar-
rative explanation have consequences for or make a difference to the outcome (Beatty
2017, forthc.). These difference-making events or “turning points” are contingent per
se and subsequent events are contingent upon them (Beatty 2016, 36).

Through time-sequenced narrative explanations we learn how something, or some-
one has changed in the course of time and which steps have occurred that brought
about the new situation. They are coherent, unified accounts of an entity’s develop-
ment in time (Roth 2017, 45; White 1963, 4; Ereshefsky and Turner 2020). Morton
White (1963, 4) uses the concept of central subject to refer to the entity around which
the narrative® is woven (see also Hull 1975; Ereshefsky and Turner 2020; Currie
2014). A central subject as the protagonist in narrative explanations can be a per-
son, but the concept also applies to other entities like states (e.g., Unites States of
America), species, earthquakes or lineages of traits (White 1963, 5; Hull 1975, 262;
Ereshefsky and Turner 2020; Hajek forthc.). Mary Morgan (2017) also discusses
coherence of narrative explanations and emphasizes the activity of ordering.® Build-
ing on Louis Mink’s configurationalist account, she argues that narrative reasoning
involves not just putting materials in order but also showing how they are connected
or fit together (e.g., through causes, processes of change) (Morgan 2017).

Several philosophers of science argue that narrative explanations explain particu-
lars (e.g., the origin of a particular revolution or trait) (Gardiner 1961, 82; Cleland
2002, 480; Tucker 2014, 349; Currie 2014, 1165; Roth 2017). It would be mislead-
ing, however, to say that narrative reasoning is only concerned with particulars. In
fact, there are different ways in which narrative reasoning deals with type-phenom-
ena, generalization, and regularities (see Morgan 2017, 87). Virtually all accounts of
human history depend on concepts (e.g., revolution, monarchy) that frame particular
events (e.g., the French Revolution) as instances of types of events. The use of these
concepts indicates that instances of this type of event (e.g., the French Revolution,
the Haitian Revolution) share common characteristics which makes them compara-
ble to a certain extent. A different example of framing the unique history of a particu-
lar entity as an instance of something more general can be found in Steven Shapin’s
(2012) account of the Ivory Tower as a figure of speech. He gives a narrative expla-
nation of “how and why the notion of the Ivory Tower became part of twentieth- and
twenty-first century cultural vocabularies” (Shapin 2012, 1). At the end of his paper,

2 In this paper I use the term narrative to refer to explanatory time-sequenced narratives that have the
characteristics discussed in this section. A narrative in this context is not just any story that scientists tell
themselves and others to make sense of what they are doing.

3 Morgan (2017, forthc.) has a broad understanding of narrative ordering where temporal ordering is a
subset of narrative ordering. However, she argues that “time-sequenced, narrative representations are
found most likely in the historical sciences - natural and human/social - for these deal in matters of time
and where time-ordering really matters” (Morgan forthc., emphasis original).
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he situates his discussion in a broader context and argues that Ivory Tower talk “is a
modern instantiation of the ancient religious and secular debate over the active and
contemplative lives” (Shapin 2012, 26). Similarly, the global stock market crash of
2008 can be explained as an example of a familiar pattern of economic behavior
(Glennan 2010, 262-3). In comparative studies, historians explicitly compare differ-
ent historical episodes to draw general conclusions or infer causal connections. In
his well-known book “The Rise and Fall of the Great Powers”, Paul Kennedy (1989)
compares different historical episodes to draw general conclusions. He claims, for
example, that “there is detectable a causal relationship between the shifts which have
occurred over time in the general economic and productive balances and the position
occupied by individual Powers in the international system” (Kennedy 1989, xxii).
This kind of reasoning shows that historians not only explain particular events, but
also historical trends (Little 2010). The recognition that the study of human history is
not only concerned with particulars, but also with generalization and type phenomena
has spawned a discussion of social mechanisms and their role in historiography.*

In the natural sciences it is even more obvious that narrative explanations are not
only concerned with particulars. Currie (2014, 1169), for example, argues that there
are narrative explanations that explain a particular event as “an instance of a regular-
ity”. He calls these narrative explanations “embedded”. As an example, he mentions
the ubiquitous glaciation of the earth in the late Neoproterozoic that is explained as an
extreme case of a general climatological model (Currie 2014, 1169). Similar to com-
parative approaches in human history, there are scientific approaches that compare
particular events or narratives of particular events to generate more general claims
about the phenomena in question (Morgan forthc.). Sea captain Henry Piddington,
for example, compared narrative accounts of cyclones to infer their law-like behav-
ior (Bhattacharyya forthc.; see Morgan forthc.). Narratives also deal with laws and
regularities. Hopkins (forthc.) points out that narrative explanations in geology are
“constrained by physical and chemical laws”. His discussion shows that geologists
refer to several physical laws in their explanations of particular geological events. He
seems to suggest that the role of laws in geology is twofold. On the one hand, geolo-
gists appeal to general laws to make sense of the events of interest, and on the other
hand their explanations need to be in agreement with accepted natural laws to qualify
as plausible explanations, even if the laws are not explicitly mentioned. In a simi-
lar vein, Gerhard Schurz (2014) argues that macroevolutionary explanations (e.g.,
the transition from land mammals to aquatic mammals) are considered inadequate
if they don’t contain references to evolutionary mechanisms (e.g., the mechanism of
selection).

Morgan (2017) puts forward another argument for the claim that narrative expla-
nations are not only concerned with particulars. She argues that aspects of narrative
explanations might prove exemplary in various ways. They can be “exemplary as
a concrete problem solution that can be extended to give an explanation to similar
phenomena elsewhere” (Morgan 2017, 94). As an example, she mentions William
Foot Whyte’s sociological study of a slum area in Boston (Morgan 2017, 87). Morgan
(2017, 94) argues that by conceptualizing the slum community as a society (Street

4 See Plenge (2014) for an overview.
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Corner Society), Whyte had “changed the way other social scientists interpreted
and understood ‘slums’” and that society “very rapidly became the new term that
‘explained’ other such communities”. A narrative explanation can also be “exemplary
as a method of approach that can be used at other sites” (Morgan 2017, 94). In other
words, the methodological approach of a study might be used to construct an expla-
nation of similar phenomena elsewhere.

To sum up, narrative explanations explain how and why things came to be as they
are by referencing a series of events that brought about the phenomenon of interest.
They can only be known retrospectively and account for contingent outcomes. The
difference-making events in a narrative explanations are contingent per se, meaning
that they were not bound to occur. Narrative explanations are coherent accounts that
revolve around a central subject and are constructed by ordering of materials and
showing how the pieces fit together. Although narrative explanations explain particu-
lars, there are different ways in which they deal with generalization, regularities and
type phenomena.

Reconstructing past evolution: Phylogeography of Staphylococcus
aureus

Common examples of narrative explanations in evolutionary biology are accounts
of the evolution of a trait (e.g., insect wings, flatfish eyes, migrating behavior; see
Ereshefsky and Turner 2020; Beatty forthc.; Carrier et al. 2021). In this section I
present an account of the evolution and geographic dissemination (phylogeography)
of Staphylococcus aureus (S. aureus) as another example for narrative explanation
in evolutionary biology. I show that this explanation is captured well by established
accounts of narrative explanation and add another characteristic of narrative expla-
nations that has not received any attention so far, namely that they are instances of
(implicit) abstract event structures, i.e., sequences of type events.

In a paper entitled “Origin, evolution, and global transmission of community-
acquired Staphylococcus aureus ST8” Lena Straufl and collaborators (2017) present
the results of a phylogeographic study of S. aureus, an opportunistic bacterium. The
aim of the study was to reconstruct the molecular evolution and global dissemination
of S. aureus sequence type® (ST) 8. (StrauB et al. 2017). To this end, the researchers
used 224 ST8 isolates from different countries collected between the years 1957 and
2013 (Strauf3 et al. 2017). Straufl and collaborators (2017) were particularly inter-
ested in USA300, a hypervirulent and multidrug-resistant clonal S. aureus lineage.
Their study included the selection of bacterial isolates, whole genome sequencing,
phylogenetic analysis, ancestral dating and phylogeographic analysis to answer sev-
eral interconnected research questions, e.g., ‘When and where did ST8 originate?’,
‘How did ST8 evolve?’, and ‘How did the global transmission of ST8 occur?’. In
addition to the time and place of origin, the answers to these questions include a

5 Multilocus sequence typing (MLST) is a method of DNA profiling for characterizing isolates of a bacte-
rial species (Maiden et al. 1998). Through MLST different sequence types of E. coli can be identified
(Doumith et al. 2015). It is thus a way of classifying microbes below the species level.

@ Springer



Two kinds of historical explanation in Evolutionary Biology Page 7 of 21 17

temporal series of genetic and phenotypic changes as well as the pathway of global
transmission of ST8:

[O]ur results suggest an emergence of ST8 in Europe during the mid-19th cen-
tury [...]. Around 1900 [...], the shortened cap5D allele [...] arose and spread
in the European ST8 population. In the early 20th century, one cap5D-mutated
European ST8 MSSA® strain was exported to the United States, where it spread
and diversified before eventually evolving into the epidemic USA300 clone by
stepwise acquisition of PVL’, ACME?, and the cap5E° mutation [...]. Later,
this clone was reintroduced to Europe on multiple occasions. Before the spread
of the mutated cap5D'° in the European ST8 population, one isolate with
WTcap5D was exported to Gabon around 1920 and founded a symplesiomor-
phic, mainly ‘African’ ST8 sublineage [...]. ‘Symplesiomorphic’ means that
this group does not possess any ‘derived’ characteristics, like PVL or ACME,
but represents the state of the common ancestor. The African clone spread and
diversified in the Gabonese population and was transmitted to other SSA coun-
tries, including Coéte d’Ivoire, the Democratic Republic of Congo, and Tanza-
nia, as well as to Australia and Trinidad and Tobago [...]. (StrauB} et al. 2017,
E10600)

In the narrative explanation provided by the scientists, the explanandum is the current
state of the ST8 clade and the explanans is a temporal sequence of events. Unlike
historical explanations in other fields of biology like developmental biology and
evo-devo, this explanation is a population-level explanation that deals with transgen-
erational processes (see Griesemer 2002; Calcott 2009). The case illustrates how sci-
entists provide a backstory that starts at an earlier point in time and includes a series
of events that have brought about the current state of an entity. The oldest ST8 isolate
used by Strauf} et al. (2017) was collected in 1957, but the narrative of the origin,
evolution, and global dissemination of ST8 starts in the mid-nineteenth century when
ST8 emerged.'? It is clear that the narrative could only be known retrospectively. In
the mid-nineteenth century, one could not have known how exactly the molecular
evolution and global dissemination of ST8 would proceed. The explanation also con-
tains some explicitly narrative sentences like “our results suggest an emergence of
STS in Europe during the mid-19th century” and “one isolate with WT'*cap5D was

6 MSSA=methicillin-susceptible S. aureus. Methicillin is an antibiotic.
7 PVL=Panton—Valentine leucocidin, a toxin associated with increased virulence

8 ACME =arginine catabolic mobile element, a mobile genetic element associated with virulent methicil-
lin-resistant S. aureus

° Cap3E is a gene.
10Cap5D is a gene.
I WT=wild-type (gene), unmutated gene

12 The researchers used methods of ancestral dating based on mutation rates and phylogenetic analysis
to calculate the timing of diversification events and common ancestors (for details see Strauf et al. 2017,
E10603).

13 WT=wild-type (gene), unmutated gene.
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exported to Gabon around 1920 and founded a symplesiomorphic, mainly ‘African’
ST8 sublineage”. In their explanation the scientists mention events that are contin-
gent per se and made a difference to the outcome, for example, phenotypic and geno-
typic changes like the acquisition of PVL and the cap5E mutation that contribute
to the increased virulence of USA300. The sequence of intermediate events makes
earlier and later stages in the evolution of ST8 comparable (e.g., with respect to the
degree of pathogenicity).

The narrative explanation provided by Strauf} et al. (2017) revolves around a cen-
tral subject, namely the ST8 clade with particular emphasis on the USA300 clonal
lineage. This case illustrates the importance of ordering in narrative reasoning. In
phylogenetic analysis the sequences are ordered in terms of similarity to create a tem-
poral order. This approach rests on the assumption that populations become increas-
ingly different from each other after divergence, meaning that the more time has
passed after divergence, the more differences one can find between the populations;
and the more similar the genomes of two populations are, the closer they are related
to each other. In phylogenetic analysis, the ordering is done by a software that uses
algorithms to reconstruct phylogenies that show how the populations in question are
related to each other.'* The ST8 isolates are spatially connected but also unified by
common ancestry and evolutionary processes.

Although the explanation of the molecular evolution and global dissemination of
ST8 is a narrative of particular populations and particular events, it deals not only
with particulars. For example, it makes implicit and explicit use of common sci-
entific concepts like pathogen, gene, mutation, lineage and clone. The particulars
mentioned in the narrative are instances of these concepts (e.g., USA300 is a clonal
lineage; capSE is a gene). Like the narrative explanation of the history of the Ivory
Tower as a figure of speech, the global dissemination of STS is conceptualized as an
instantiation of a broader phenomenon, namely pathogen dissemination and evolu-
tion. It is also implied that the event types that are instantiated in the explanation are
connected through what I will call abstract event structures.'> Abstract event struc-
tures are sequences of type events that typically lead to the occurrence of certain type
phenomena. The sequences of particular events that explain the current state of ST8
are instantiations of abstract event structures.

An example for an abstract event structure is the following sequence: A single
introduction event (e.g., due to few travel and trade links between countries) fol-
lowed by local diversification and regional spread typically leads to lower genetic
diversity in these regions. In the study by Straul et al. (2017) this abstract event
structure is instantiated by ST8 isolates that were introduced to the Caribbean and
Africa. The result of these introduction events followed by local diversification and
regional spread of ST8 is relatively low genetic diversity in the respective areas.
This series of events explains why ST8 “isolates from the Caribbean and Africa were
exclusively found in distinct ‘regional” monophyletic'® branches at distant positions”

14 See Kranke (forthc.) for a detailed discussion of phylogenetic analysis in the context of narrative sci-
ence.

15 T thank Robert Meunier for pointing this aspect out to me.

16 Monophyletic groups consist of an ancestral population and all of its descendants.
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of the phylogeny (StrauB} et al. 2017, E10601; see Fig. 1). Instantiations of this type
of abstract event structure can also be found in phylogeographic accounts of other
clades. Another example of an abstract event structure are the subsequent events of
gene acquisitions, altered gene regulation and protein sequence divergence that can
lead to increased virulence of bacterial pathogens. These three types of evolutionary
events are instantiated in the evolution of the hypervirulent and multidrug-resistant
USA300 clonal lineage (Thurlow et al. 2012). Some instances of these type events
are mentioned in the explanation provided by StrauB3 et al. (2017), for example, the
acquisition of the mobile genetic element ACME. Thus, although the explanandum
phenomena of narrative explanations are conceptualized as particulars that are the
result of sequences of particular events, there exists an underlying multiply realizable
abstract event structure that often remains implicit in narrative explanations. This
point is important to understand how narrative explanations and historical explana-
tions of type phenomena complement each other (see last section) (Fig. 1).

At the end of their paper, the scientists emphasize that their methodological
approach can be used to construct narrative explanations of the transmission routes of
other pathogens: “This is a good example of how WGS [whole genome sequencing]
on global collections may help facilitate epidemiological reconstructions and out-
break surveillance in the future” (StrauB3 et al. 2017, E10601). Thus, the methodologi-
cal approach to reconstruct the global dissemination of ST8 might prove exemplary
for the construction of narrative explanations of pathogen transmission routes else-
where. The narrative explanation of the evolution of ST8 by StrauB} et al. (2017) is
also a particular account of a general version of narrating genetic evolution (Morgan
forthc.). This means that phylogenetic or phylogeographic accounts of other clades
follow similar rules and conventions.

My analysis shows that the narrative explanation of the evolution and dissemina-
tion of ST8 is captured well by established accounts of narrative explanation as it
exhibits all the characteristics that I have discussed in the previous section. However,
as | have argued in this section the existence of an implicit underlying abstract event
structure that is instantiated by sequences of particular events is an additional impor-
tant characteristic of narrative explanations that has not received sufficient attention
so far. It is another aspect of narrative explanations that supports the claim that they
not only deal with particulars, but also with type phenomena and generalization. In

Abstract Event Structure

Types
followed by

towed by
. Sngl mioducion of USAZ00 Tocal i
Particulars | from he USAto Gabon in 1996 | > | USA300 witin the

i

Series of Particular Events

hasiedto
a ‘monophyietic group of Afican
| — g e

Fig. 1 A series of particular events as an instantiation of an abstract event structure. The boxes at the top
represent connected type events that typically lead to a type phenomenon. The boxes at the bottom rep-
resent connected particular events in the evolution and dissemination of ST8 that have led to a particular
state of the ST8 clade (see Strauf et al. 2017, E10601).
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the following section I present and analyze a case of another historical explanation to
show that there are historical explanations in evolutionary biology that cannot be cap-
tured by existing accounts of time-sequenced narrative explanation, mainly because
the explanandum phenomenon is conceptualized as a type phenomenon instead of a
particular entity or event.

Studying the processes of evolution: experimental evolution of
immunological specificity

In this section I discuss an experimental evolution study by Kevin Ferro and collabo-
rators (2019) that deals with the evolution of immunological specificity. The research-
ers conducted a laboratory evolution experiment using red flour beetle (7ribulium
castaneum) populations to answer the questions whether immunological specificity
can evolve within a short period and how it arises (Ferro et al. 2019). Insects have
an immune system similar to the innate immune system of vertebrates, but do not
have an equivalent system to the adaptive immune system of vertebrates which is
associated with immune memory and specificity (Sheehan et al. 2020). However, the
immune system of some insects shows a form of immune memory called immune
priming. In the process of immune priming, “prior exposure to a non-lethal inocu-
lum of a pathogen, pathogen-derived material or stress event stimulates the immune
response to render the insect resistant to a normally lethal infection a short time later”
(Sheehan et al. 2020, 240). Studies have shown that this immune response can be
either specific or unspecific (see references in Ferro et al. 2019), meaning that the
degree to which the immune system differentiates between different antigens varies.

Experimental evolution is an approach that allows researchers to study evolution-
ary processes in real-time in a partially controlled setting (Kawecki et al. 2012). In
these real-time evolution experiments populations are studied across multiple gen-
erations (Rose and Garland 2009, 6). They often involve the creation of a series of
evolutionary lines that are exposed to a novel environment (Desjardins et al. 2021).
A well-known laboratory evolution experiment is Richard Lenski’s E. coli long-term
experimental evolution project (LTEE) at the University of Michigan. To study bacte-
rial evolution in the laboratory, the researchers created twelve genetically identical
populations of Escherichia coli (E. coli) from a common ancestral clone and let them
evolve (Lenski et al. 1991).

For their study of the evolution of immunological specificity Ferro and collabora-
tors (2019) created 24 lines of Tribolium castaneum (1. castaneum) for different selec-
tion and control treatments and let them evolve over 14 generations. They primed the
beetle larvae with six different heat-inactivated bacterial species and strains!” and
challenged them with live bacteria. Their selection protocols were designed to either
decrease or increase immunological specificity. To select for specificity, they used
the same type of bacterium for priming and challenge within generations, but differ-
ent bacteria species across generations. To select for unspecific immune responses

17 The researchers used the bacteria Pseudomonas Sfluorescens, Lactococcus lactis, and 4 strains of Bacil-
lus thuringiensis.
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(broad-range immune response), they primed the larvae with one type of bacterium,
but challenged them with a different type of bacterium within and across generations
(Ferro et al. 2019, 20,599). After 14 generations of laboratory evolution, the research-
ers performed phenotypic analysis (assessment of survival, development, fecundity)
and conducted transcriptomic analysis to assess the genetic basis (gene expression)
of immune priming and specificity (Ferro er al. 2019, 20,599). The results of the
study are presented as follows:

Our study reveals that selection for immunological specificity over a rather
small number of 14 generations already results in strongly differing tran-
scriptional responses upon immune priming. These differences correspond to
survival benefits during a subsequent infection. This demonstrates a general
evolutionary responsiveness of a phenotypically plastic system that provides
immune memory. Moreover, the evolutionary changes appear to be targeted
at a limited set of pathogens; we observed that selection aiming at a gener-
ally higher degree of specificity yielded a more pronounced primed immune
response for one bacterial species, the entomopathogen'®B. thuringiensis. [...]
Evolution of increased priming responses were restricted to B. thuringiensis but
did not extend to the other tested bacterial species. This suggests that priming
specificity and its evolvability might be related to the likelihood of infection or
coevolution with a certain pathogen. [...] The transcriptomic signature of prim-
ing in the evolved beetles supported the observed enhanced specificity toward
B. thuringiensis and suggests that immune priming consists of divergent sets of
genes that confer general priming and bacteria-specific

responses, respectively. [...] The divergent transcriptome signatures for the
specific vs. unspecific selection treatments [...] suggest that the microevolution
of specificity relies on changes in metabolism, which is often a deciding factor
in the outcome of host-pathogen interactions [...], and immunity. (Ferro et al.
2019, 20601-2)

The scientists explain immunological specificity by showing how the phenomenon
is brought about but also show how it does not arise. The study suggests that a
higher degree of specificity only evolves in coevolution with one bacterial species
(B. thuringiensis) but does not arise in coevolution with other bacteria. The scien-
tists’ main interest is not the genetic mechanism of immunological specificity but
the question whether, how and how fast the mechanisms that realize immunological
specificity arise. Thus, they are primarily concerned with the history of the genetic
mechanisms that realize immunological specificity. However, the experiment also
provides insights into coevolutionary dynamics (Peul, personal communication,
24.02.2021). Although many experimental evolution studies are set out to study how
a certain type of biological function arises'?, there are other such experiments that are

'8 Entomopathogen =insect pathogen

19 See for example, Maeda et al. 2020 (antibiotic resistance), Wei et al. 2014 (enhanced pathogenicity),
Gervasi and Schiestl 2017 (plant adaptation to pollinators).
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not designed to bring about a certain function or phenomenon. The initial goal of the
LTEE, for example, was to study long-term evolutionary dynamics.

Laboratory evolution experiments are understood as model systems. The experi-
mental evolution study conducted by Ferro et al. (2019) is a model in two respects.
First, T castaneum is a model organism used in different fields like evolutionary
biology, genetics, developmental biology, and environmental studies (Adamski et al.
2019; Wang et al. 2007; Fedina and Lewis 2008). Scientists study model organisms in
the hope that knowledge (e.g., data, theories, methods) gained by studying the model
can be extrapolated to other organisms (Ankeny and Leonelli 2021, 2). In this case an
extrapolation of knowledge to and from studies of other organisms might be possible
because the gene regulatory mechanisms that bring about immunological specificity
are similar in red flour beetles, mice, and humans (Peul, personal communication
24.02.2021). Second, and more importantly, the experiment itself is a model. Emily
Parke (2014), for example, argues that laboratory evolution experiments are models
with a dynamic temporal element (see also Weber 2014, 759). Marcel Weber (2014,
757) uses the term ‘experimental modelling’ to refer to model systems that use liv-
ing organisms to recreate or simulate biological processes. Biologist Thomas Flatt
(personal communication 13.07.2018) agrees with the characterization of laboratory
evolution experiments as models and argues that they are simplified systems: “[Y]ou
can control things, you can maybe isolate certain causal factors [...], but of course
you also know in the back of your head, that you’re sacrificing a little bit of, let’s say,
ecological or biological realism by doing this, because you’re filtering out a lot of
other influences”. Like other models, laboratory evolution experiments are idealized
systems that reduce the complexity of evolutionary processes in nature to be able to
study specific aspects of evolutionary dynamics (Weber 2014, 765). Ferro and col-
laborators (2019) designed their experiment to study a particular type of evolutionary
transition, namely the occurrence of immunological specificity. In their experiment
the evolutionary processes that occur in the experimental 7. castaneum populations
“stand in” for other physically distinct kinds of processes in other systems (see Weber
2014). Immunological specificity cannot only evolve in 7. castaneum but also in
other species in the laboratory and in nature in coevolution with different pathogens.
The particular organisms that are used in the experiment thus represent types, e.g., T.
castaneum populations represent host populations and the different bacterial species
and strains represent different types of pathogens.

Parke (2014) presents a similar argument for the LTEE. However, she argues that
depending on the kinds of inferences drawn from the study, the experimental E. coli
populations stand in for different types (Parke 2014, 524). In three of the 12 E. coli
populations, the researchers observed an increase in mutation rates (Sniegowski et al.
1997). From their observation in the laboratory, they make an inference about natural
populations of pathogenic E. coli and Salmonella and argue that high mutation rates
in these natural populations might evolve through the same evolutionary mechanism
that they found in the laboratory populations (Parke 2014, 522). In this case the labo-
ratory populations represent a certain type of pathogenic bacterium. Another obser-
vation that the scientists made in the experimental E. coli populations is a step-like
increase in cell size (Elena et al. 1996). They interpret this process as an instance of
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“punctuated evolution”, also called punctuated equilibrium.** The scientists argue
that the punctuated changes in the experimental E. coli populations are associated
with rare events of fixation of beneficial mutations and argue that cases of punctuated
evolution in the fossil record could also be explained by this process (Elena et al.
1996, 1804). In this case the laboratory E. coli populations stand in for populations
with a certain type of evolutionary history (isolated episodes of change after periods
of stasis). This could be any species from any branch of the phylogenetic tree that
shares certain properties of its evolutionary history with the laboratory E. coli popu-
lations (Parke 2014, 524; see following section for the discussion of an example).

Narrative explanations and historical explanations of type
phenomena

In this section I compare the explanation of the evolution of immunological speci-
ficity with the explanation of the evolution and dissemination of ST8 to show the
similarities and differences between narrative explanations and historical explana-
tions of type phenomena in evolutionary biology. I will argue that the two kinds of
explanation are similar in many ways but differ with respect to their focus on either
particulars or type phenomena.

Like the explanation of the evolution and dissemination of ST8, the explanation
of the evolution of immunological specificity deals with transgenerational processes
and is a population-level explanation. It also references a temporal series of events
that brought about the explanandum phenomenon. The cases that I have discussed
in the previous sections show that historical explanations of type phenomena cover
shorter time spans than narrative explanations. The reason for this difference is that
constructing explanations of type phenomena involves studying known temporal
sequences of events whereas the temporal sequences of events in narrative expla-
nations are reconstructed from traces. Individual scientists or research teams can
observe evolutionary trajectories in the laboratory or in the field for decades but
sequences of evolutionary relevant events of the distant past (e.g., millions of years
ago) cannot be observed but are reconstructed from clues.?! The data that Ferro et
al. (2019) used for their analysis encompass a period of over three years while the
narrative explanation provided by Strauf} et al. (2017) covers a time span of 159
years. However, other narrative explanations in evolutionary biology can encompass
a period of several million years of evolution. The LTEE as the longest laboratory
evolution experiment so far is running for over 33 years. However, knowledge of

20 “punctuated equilibrium’ is concept of speciation chiefly defended by Niles Eldregde and Stephen Jay
Gould (1972). Eldredge and Gould (1972, 115) contrast their concept with “phyletic gradualism”, the idea
that speciation occurs through gradual change of populations and argue that instead “speciation is a rare
and difficult event that punctuates a system in homeostatic equilibrium”.

2! Reconstruction of events can also play a role in experimental evolution studies, for example in the form
of “going back” to earlier states by reexamining frozen samples of earlier laboratory populations. How-
ever, in these cases, the temporal order is still known, not inferred from clues.
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evolutionary pathways is not only produced in the laboratory but can also result from
field experiments? or long-term observations of natural processes®’.

In most cases, historical explanations of type phenomena are also more fine-
grained than narrative explanations as the intervals between the events of a sequence
are relatively short. Studying real-time evolution usually involves tracking of phe-
notypic and genetic changes in short intervals. Ferro et al. (2019) tested for immune
priming after 7 and 14 host generations but there are also laboratory evolution experi-
ments that track the gradual adaptation of pathogens to changes in the host. In these
cases, researchers examine genetic and phenotypic changes in even shorter intervals
(see Huang et al. 2017 for an example). Elena et al. (1996, 1802) measured the mean
fitness of the laboratory E. coli populations every 100 generations, a rather short
interval compared to sequences of narrative explanations of microbial evolution. For
instance, the events in the narrative explanation of the evolution and dissemination
of ST8 are several years, sometimes decades, apart which corresponds to ten thou-
sands or even hundred thousands of generations. In narrative explanations of verte-
brate evolution, the events of a temporal series are usually millions of years apart
which corresponds to ten thousands of generations for organisms with relatively long
generation times. The temporal series of narrative explanations in evolutionary biol-
ogy usually only contains a few important events in relatively large intervals. Of
course, the number of events that are included in narrative explanations depends on
the research question, but usually the researchers only reconstruct a relatively small
number of significant events.

In experimental evolution studies, the outcome is contingent upon the series of
events that connects the outcome with the starting point (Desjardins 2011, 360). The
comparison of different selection and control treatments in the study by Ferro et al.
(2019) shows that the evolution of immunological specificity is contingent upon prior
events (e.g., exposure to a certain pathogen). Similarly, the occurrence of increased
mutation rates and punctuated evolution in the LTEE is contingent upon prior events.
Thus, just like narrative explanations, historical explanations of type phenomena
account for contingent phenomena in this sense. However, while the difference-mak-
ing events in narrative explanations are contingent per se (not bound to occur), they
are not necessarily contingent in historical explanations of type phenomena. Whether
the difference-making events are contingent per se depends on the research question
and experimental design. Ferro and collaborators (2019) for example, have brought
about the events that have eventually led to the evolution of immunological specific-
ity (priming and challenge with the same bacteria species within generations). The
experiment was designed to bring about this phenomenon. In the LTEE, however, the
events that have led to punctuated evolution (beneficial mutations and their fixation)
were not bound to occur exactly as they have occurred. Because of these differences
between experimental evolution studies, contingency of difference-making events
cannot be used as a criterion to distinguish between narrative explanations and his-
torical explanations of type phenomena.

22 For a general discussion of experimental evolution in the field see Irschick and Reznick (2009). For
examples see Zbinden et al. (2008) and Reznick et al. (1990).

23 See Leray et al. (2021) for a discussion of this long-term monitoring of marine ecosystems.
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The research activities that generate the respective explanations considerably dif-
fer from one another. While time-sequenced narrative explanations in evolutionary
biology result from reconstructing past evolution, the explanation of the evolution
of immunological specificity was generated by constructing sequences of events to
bring about a phenomenon. The former involves temporal ordering of materials and
showing how they fit together. In laboratory evolution experiments, however, the
temporal order of important events is known and to a certain extent manipulated by
the researchers. Thus, the researchers’ central task is not to reconstruct an evolution-
ary pathway through ordering, but to study whether and/or how and why a certain
phenomenon has occurred at the end of an evolutionary pathway. Depending on the
experimental design, the researchers induce the important events themselves (e.g.,
priming of beetles through expose to a pathogen) and/or they monitor the changes
regularly (e.g., sequence analysis of viruses after each passage). Particularly in cases
where the changes are monitored in larger intervals, the researchers might not know
the exact time where a change has occurred, but the temporal order of crucial events
is known. Thus, historical explanations of type phenomena are constructed by study-
ing known histories (sequences of events).

The temporal sequences of the two kinds of historical explanation both include
particulars such as organisms and events (e.g., ST8 populations, cap5E mutation;
laboratory 7. castaneum populations, exposure to laboratory B. Thuringiensis popu-
lations). In both cases these temporal sequences of particulars instantiate or represent
abstract event structures that bring about a multiply realizable phenomenon (e.g.,
relatively low genetic diversity; immunological specificity). While the underlying
abstract event structure often remains implicit in narrative explanations, it is more
obvious in historical explanations of type phenomena that the sequences of particular
events represent types. For example, in the explanation of immunological specificity
the particular entities (e.g., laboratory 7. castaneum and bacteria populations) and
particular events (challenge of laboratory 7. castaneum populations with laboratory
B. thuringiensis populations) of the experiment are understood as representations
of types of entities (host, pathogen) and events (priming and challenge of a host
with a certain type of pathogen). I have argued that both philosophers of science and
scientists think of experimental evolution studies as models that represent multiply
realizable phenomena. This difference already becomes obvious when we compare
the titles of the two papers that I have discussed in the previous sections. The paper
by Strauf3 and collaborators (2017) is entitled “Origin, evolution, and global trans-
mission of community-acquired Staphylococcus aureus ST8” while the title of Ferro
et al.’s (2019) paper is “Experimental evolution of immunological specificity”. The
temporal and spatial evolutionary pathway described by Straul3 et al. (2017) is unique
to the ST8 clade and occurred only once. The evolution of immunological specific-
ity, on the other hand, is a phenomenon that can occur in different species at differ-
ent times and places. Ferro et al. (2019) are clearly concerned with the evolution of
immunological specificity in a more general sense, not merely with its occurrence in
the laboratory populations of 7. castaneum.

Muhammad Khalidi (2021) has recently proposed a distinction between token-eti-
ological kinds and type-etiological kinds that helps understand how the explananda
of narrative explanations and historical explanations of type phenomena are concep-
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tualized. According to Khalidi (2021, emphasis omitted) “(t)oken-etiological kinds
have members who all originate in the very same event or have followed the same
token causal trajectory or share the selfsame history”. The ST8 clade in the narrative
explanation provided by Strauf3 et al. (2017) is an example of a classification of the
explanandum phenomenon as token-etiological kind. As I have argued, the scientists
are mainly interested in the particular history of the ST8 clade and all members of
the clade (different ST8 lineages) share the same token origin (common ancestor).
Khalidi (2021) notes that token-ctiological kinds like species or languages with a
common origin can also be conceived of as individuals rather than kinds. In fact,
in some discussions of narrative explanations, particularly those who refer to the
concept of central subject, the authors understand these entities as individuals rather
than kinds. Immunological specificity, on the other hand, is a type-etiological kind.
Type-etiological kinds “do not share the very same token origin or history but rather
the same type of origin or history. Their members do not originate in the same event
or follow the very same causal pathway; rather their origins or histories are tokens
of the same type.” (Khalidi 2021). I have argued that the researchers understand
immunological specificity as a multiply realizable phenomenon with a certain type of
history. The particular histories of the laboratory flour beetle populations that exhibit
immunological specificity are understood as tokens of this type. Similarly, the occur-
rences of immunological specificity in the laboratory flour beetle populations are
seen as tokens of a type of phenomenon.>* As I have argued in the previous section,
the explanation of the evolution and dissemination of ST8 explains the current state
of a particular entity, but also deals with type phenomena. The explanation of the evo-
lution of immunological specificity, on the other hand, explains a type phenomenon,
but is also concerned with particulars that are understood as instances of a type. In
a way, historical explanations of type phenomena deal with central subjects (indi-
viduals; e.g., laboratory E. coli or T. castaneum lines), but the explanandum itself is
conceptualized as a multiply realizable phenomenon.

The central difference between narrative explanations and historical explanations
of type phenomena lies in the conceptualization of the explanandum phenomenon as
a token-etiological kind or type-etiological kind, respectively. Both kinds of explana-
tion deal with particulars and type phenomena but differ with respect to their focus.
In this sense, the two kinds of historical explanation are like two sides of the same
coin. Narrative explanations focus on the particularity or uniqueness of entities and
events while historical explanations of type phenomena focus on their typeness or
generalizability. However, as I have already argued, the two kinds of explanation
are not just two different versions of the same story where one focuses on particulars
and the other one on types. Instead, the research questions and activities that produce
narrative and historical explanations of type phenomena are different. A narrative
explanation is generated by asking how and why something came to be as it is. This
question is interesting because the historical pathway is unknown or only partially

24 1t is possible that trained immune response in different species (e.g., animals, plants, bacteria) share a
common token origin (Ferro et al. 2019, 20,603). However, whether trained immunity in different species
is a result of convergent evolution or has a common origin is not immediately relevant for the research
question that Ferro et al. (2019) pursue.
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known. The researchers’ central task is thus to reconstruct the pathway from clues.
The result is an explanation that provides a temporal series of events. A historical
explanation of a type phenomenon, however, is generated by asking how and why
a type of phenomenon arises. To answer this question, the researchers study known
historical pathways and identify typical patterns of events or causal factors that bring
about the phenomenon of interest.

I have argued that the two kinds of historical explanation explain different aspects
of evolution. While narrative explanations explain how and why a particular trait or
species came to be as it is, historical explanations of type phenomena explain multi-
ply realizable evolutionary dynamics and transitions. Thus, they are not competing
explanations of the same explanandum phenomenon but complement each other. The
following example illustrates this point. Ana Millanes and collaborators (2011) have
reconstructed the phylogeny of jelly fungi to reexamine their classification and to
examine character evolution within this group. In their narrative explanation of the
evolution of different morphological characters, they refer to the concept of punctu-
ated evolution and cite the paper by Lenski and collaborators (Millanes et al. 2011,
25-26). Millanes et al. (2011, 26) argue that change in one particular morphological
character (basidium habit)?® of jelly fungi “is consistent with a punctuated mode of
evolution”, meaning that the character has not changed gradually but during isolated
episodes after a period of stasis. Based on the results of the LTEE the researchers
hypothesize that “this trait might have been subject to positive selection, at least peri-
odically” (Millanes et al. 2011, 26). In this case the explanation of how punctuated
evolution occurs has helped Millanes and collaborators to make sense of the results
of their phylogenetic analysis and generate a hypothesis of the evolution of basidium
morphology in jelly fungi. The example shows that the two kinds of explanation can
easily be integrated and support each other. On the one hand, the LTEE provides an
abstract event structure that helps explain the morphological evolution of jelly fungi.
On the other hand, the interpretation of the evolution of basidium morphology in
jelly fungi as another instance of punctuated evolution suggests that this phenom-
enon not only exists in laboratory E. coli populations but also in fungi and is thus
generalizable. More generally, in cases where parts of the underlying abstract event
structure of narrative explanations are made explicit, historical explanations of type
phenomena can provide the abstract event structure that is instantiated by the particu-
lar events of narrative explanations.
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