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‘Nothing in biology makes sense except in the light of evolu-

tion’ is the title of the 1973 essay written by the evolutionary

biologist and Russian Orthodox Christian Theodosius

Dobzhansky (Dobzhansky 1973). It still is a good read, time-

less in its argumentation, linking the dawning understanding

of genetics to Darwin’s and Wallace’s theory on the origin of

species. Notable is Dobzhansky’s choice of empiric examples

to support his case: ‘Perhaps the narrowest ecologic niche of

all is that of a species of the fungus family Laboulbeniaceae,

which grows exclusively on the rear portion of the elytra of the

beetle Aphenops cronei, which is found only in some limestone

caves in southern France. (...) Larvae of the fly Drosophila
carciniphila develop only in the nephric grooves beneath the

flaps of the third maxilliped of the land crab Geocarcinus ruri-
cola, which is restricted to certain islands in the Caribbean.’

He uses these mind-boggling examples to make the case that

no mind, however divine, could imagine these ‘extraordinary,

seemingly whimsical and superfluous creatures’.

Dobzhansky concludes: ‘The only explanation that makes

sense is that the organic diversity has evolved in response to

the diversity of environment on the planet earth. No single

species, however perfect and however versatile, could exploit

all the opportunities for living. (…). The best way to envisage

the situation is as follows: the environment presents challenges

to living species, to which the later may respond by adaptive

genetic changes.’ This perfectly formulated assertion is the

best possible introduction to the work presented in this thesis.

Ever since the publications of Darwin (1859) and Wallace

(1858), the core of the initial theory on the origin of species re-

mains untouched. It can be summarized: Speciation is a never-

ending, dynamic process, which depends on the accidental

presence of heritable variation in a population of organisms.

When heritable traits are combined in a unique set as a result

of selection pressure, some sort of reproductive isolation is

needed to prevent recombination of the unique set of traits,

ending with fixation of the unique set in the population. This

ensures that offspring will be just as well adapted to facing the

environmental challenge as their parents were before them.

Every decade since 1859, new spin-off theories have been

published to explain different points of view on details of this

core theory. The development of these theories was boosted

after the discovery of DNA structure and function by Watson

and Crick in 1953, and the subsequent unravelling of the

mechanisms behind the variability and inheritance of traits.

This was elaborated in recent reviews on the history and phi-

losophy of the research into speciation and genetics (e.g.,

Gavrilets 2003; Bolnick & Fitzpatrick 2007; Via 2009; Stapley

2010; van Straalen & Roelofs 2012). It is clear that each

species originated in a cascade of unique chance events. The

objective of researchers in evolutionary biology is to classify

these unique events into distinct theories of speciation

processes, sometimes to the point of rivalry between groups

of scientists adhering to different hypotheses. Ironically, ex-

amples of species can be found in nature, whose origin may

be explained using elements from different rivalling theories.

This reflects the inherent conflict when describing unpremed-

itated natural processes, to fit the human craving for design:

‘Chaos was the law of nature; Order was the dream of man.’

(Adams 1918).

This thesis presents a case study gathering empirical evi-

dence on the heritable variation underlying specialisation on

the host plant in a genus of small, nocturnal Lepidoptera

(Yponomeuta, small ermine moths). This genus has a long his-

tory as a subject of multidisciplinary evolutionary research,

which began in the early 1970’s with Koos Wiebes and Wim

Herrebout at the University of Leiden (Wiebes 1976; Wiebes

et al. 1976). Wiebes saw evolutionary biology mainly as a sub-

discipline of ecology having strong ties to taxonomy and phy-

logeny. Yponomeuta fitted well into this vision, and the first

question needing investigation was whether the taxa of the so-

called Yponomeuta padellus complex in Western Europe rep-

resented one polyphagous species or a complex of closely

related specialised species.

No doubt their overwhelming presence in spring, in the

dunes and parks in and around Leiden, influenced the choice

of this genus as a model. The gregarious caterpillars of various

species of Yponomeuta can completely strip their host plant of

foliage, leaving only the naked branches completely wrapped

in silk. The caterpillars then clearly show their specialist na-

ture by not touching any of the surrounding foliage of non-

hosts, even when starving to death. Wiebes and Herrebout

employed a series of PhD students to study the taxonomy,

ecology, behaviour and genetics of Yponomeuta in depth. This

work was continued by Steph Menken at the University of

Amsterdam after Wiebes retired (Menken et al. 1992).

In the days when most of the work for this thesis was done

(1995-2000), the world of systematics was rapidly changing

from trees based on morphology and enzyme polymorphisms

to phylogenies largely based on DNA sequences. I intended

to translate the ecological differences in host use between

Yponomeuta species to underlying differences in heritable

traits: ecological genomics avant la lettre. I set out to study

the inheritance of sensitivity for sugar alcohols in adult

Yponomeuta, to support Guy Bush’s theory of sympatric spe-

ciation (Bush 1975, 1994). The objective, however, gravitated

towards a broader study of various aspects of the genetic ar-

chitecture of host use traits that can explain how these species

became such specialists on their hosts, without any evident

geographic isolation in their past.

Many times while carrying out my PhD research, and af-

terwards when trying to make sense of the data, I have be-

moaned the historical choice of Yponomeuta as group of model

organisms to study heritable traits. Yponomeuta species pos-

sess absolutely none of the qualifications that make

Drosophila, Caenorhabditis elegans, or Zebra Danios model

organisms for the study of genetics: Yponomeuta are NOT
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easy to rear in the lab, they do NOT reproduce quickly, they

need an obligatory winter diapause between generations, and

they are very difficult to maintain in large numbers under stan-

dardized conditions.

However, after finally coming around to compiling this past

work into a thesis, I am truly glad to have spent the five years

in Amsterdam, feeding caterpillars with leaves collected from

nearby parks, and persuading moths to mate, lay eggs and be-

have. Presented in this thesis is a rare collection of empirical

data, illustrating the complex mechanisms of host specialisa-

tion and speciation. To end this Prologue with Dobzhansky:

‘The mechanisms that bring evolution about certainly need

study and clarification. There are no alternatives to evolution

as history that can withstand critical examination. Yet we are

constantly learning new and important facts about evolution-

ary mechanisms.’
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