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Evolution—The Darwin Connection

Evolution on the Butterfly Wing: From Molecules to Diversity

Paul M Brakefield
University Museum of Zoology, Cambridge | Cambridge | UK | pb499@cam.ac.uk

The African mycalesine butterfly, Bicyclus anynana, is the model species that we have 
used to help understand the processes of adaptive evolution by natural selection through 
applying a broad ‘science of natural history’. Topics of special interest to us have been 
seasonal polyphenism, eyespot pattern evolution, and the concept of developmental 
bias; but these are all relevant to broader questions. For example, is natural selection ‘all-
powerful’ and does how development works influence the paths of evolution?

We now seek to use our knowledge from our single species work to understand both 
pattern and process underlying the diversification of some 300 related species of 
mycalesine butterflies. We are working with several key sets of traits in mycalesine 
butterflies to examine the parallel radiations that have occurred in Africa, Madagascar 
and Asia over the past 17MY. Has the evolution of developmental phenotypic plasticity 
been crucial for expansions from forests into grassland habitats with both wet and 
dry seasons? And have the radiations also been associated with the evolution of C4 
grasses in open habitats? We have also begun to explore patterns of diversity in wing 
androconia and male sex pheromones that are involved in mate choice, the evolution of 
reproductive isolation, and speciation. The science of natural history is as relevant now 
to understanding biodiversity as it was in the days of Linnaeus, Darwin and Wallace.

The Triassic: the Beginnings of Modern Life on Land

Hans-Dieter Sues
National Museum of Natural History—Smithsonian Institution | Washington, DC | USA | 

suesh@si.edu

The Triassic Period (252–201 million years before present) is noteworthy for the first 
appearances of many of the well-known present-day groups of animals on land and in 
the sea. Uniquely, it is also bracketed by two mass extinction events. 

Glimpses of the History of the Linnean Society: A Personal View

Dianne Edwards
Cardiff University | Cardiff | Wales | edwardsd2@cardiff.ac.uk

The talk will cover the beginnings of the Society, the acquisition of the Linnaean 
collections, moves to its present accommodation, the first women admitted, and the 
scientific achievements of some notable female Fellows.



Most of the major groups of extant tetrapods (or their proximate sister-taxa), including 
mammals, crocodyliform archosaurs, lepidosaurs, and turtles, first appeared in the 
fossil record during the Triassic. Furthermore, dinosaurs (including birds) originated 
during the latter part of this period. Another noteworthy aspect of Triassic biotas is 
the surprising diversity of novel body plans among tetrapods that appear to be unique 
to this period. Near or at the end of the Triassic, various Paleozoic ‘holdovers’, such as 
procolophonid parareptiles, dicynodont therapsids, and many groups of temnospondyl 
stem-amphibians, vanished, as did a number of clades of archosaurian reptiles related 
to crocodylians. The tempo and mode of this faunal turnover have long been debated, 
but there now exists considerable evidence for a rather sudden geological event that 
triggered major biotic changes. Dinosaurs survived this end-Triassic event and rapidly 
diversified during the Jurassic Period.

Arthropod Evolution: Integrating Fossils, Morphology and Molecules

Gregory D Edgecombe
Natural History Museum | London | UK | g.edgecombe@nhm.ac.uk

Not long ago arthropod phylogeny was described as ‘chaos’, early molecular trees based 
on a handful of markers often being in conflict with each other or with morphology. 
The picture has stabilized considerably as gene and taxon sampling have increased, and 
most of the deep nodes in the euarthropod tree now have broad consensus. Current 
phylogenomic datasets divide living euarthropods into Chelicerata and Mandibulata: the 
former includes pycnogogonids (sea spiders) and euchelicerates, and the latter divides 
into Myriapoda and a crustacean-hexapod clade named Pancrustacea. Alternatives to 
these are either based on a complete rejection of molecular evidence (such as an alliance 
between hexapods and myriapods rather than crustaceans) or show properties that 
are consistent with systematic error (such as myriapods grouping with chelicerates). 
Some controversies in arthropod systematics are inaccurately portrayed as conflict 
between molecules and morphology, but rather involve competing sets of morphological 
characters (one set of which is congruent with molecular data). Gene expression data 
have strengthened the homology of various systematically important characters, such as 
the transformation of an ancestral biramous limb into a mandible in Mandibulata. New 
discoveries from Cambrian fossils known from varied styles of preservation (including 
Burgess Shale-type compression fossils, phosphatized larvae, and Small Carbonaceous 
Fossils) have allowed the sequence of character acquisition in the euarthropod stem group 
to be resolved and date deep splits in the euarthropod crown group to the early Cambrian. 
The oldest total-group euarthropods are large-bodied lobopodians; gilled lobopodians, 
radiodontans such as Anomalocaris, and bivalved Cambrian arthropods branch 
successively from the euarthropod stem lineage. Major open questions in arthropod 
evolution are the interrelationships of arachnid orders, the branching order of the four 
myriapod classes, the precise sequence of crustacean sister groups to Hexapoda, and the 
fossil stem lineages of the great terrestrial radiations, notably hexapods and myriapods.  



New Views on the Deep Origin of Modern Sharks and Jawed Vertebrates

Michael Coates
University of Chicago | Chicago | USA | mcoates@uchicago.edu

New specimens, imaging methods and phylogenetic hypotheses are transforming our 
understanding of early jawed vertebrates (gnathostomes). These changes, in turn, 
provide new perspectives on the earliest shark-like fishes. Chondrichthyes (sharks, rays 
and ratfishes) tend to be characterized as primitive, but supporting evidence is elusive. 
Living outgroups of gnathostomes, the hagfishes and lampreys are evolutionarily 
remote, thus direct comparisons are stretched, and, traditionally, the notoriously poor 
fossil record of early sharks has shed little light on the matter. Recent evolutionary 
hypotheses assembled in response to new discoveries of Silurian and early Devonian 
fishes include new estimates of primitive conditions for modern groups, and dismember 
long accepted clades. Of direct relevance to shark evolution, the emerging, novel, 
consensus of early vertebrate interrelationships provides a far more balanced view of 
living groups, and adds fresh emphasis to chondrichthyan specializations. Moreover, 
new imaging methods are layering the deep record of sharks with unprecedented detail, 
demonstrating that early members of the group are more advanced than previously 
thought. In summary, although characterized by genomicists as evolutionary products 
of ‘life in the slow lane’, it appears that Palaeozoic chondrichthyans were up to speed 
with their osteichthyan contemporaries, responding similarly to extinction and recovery 
events with morphological and functional innovation.

Darwin Diagnosed?

Anthony K Campbell
Cardiff University and The Darwin Centre | Pembrokeshire | UK | CampbellAK@cardiff.ac.uk 

While waiting in digs to join HMS Beagle just before Christmas 1831, Charles Darwin 
suffered chest pain and heart palpitations. On his return to England he began to suffer 
from a range of gut problems, and systemic symptoms around the body, which were to 
plague him for the rest of his life. His ill health is documented in over 400 of his letters, 
in his health diary, which he kept from 1st July 1849 and 16th January 1855, and his wife 
Emma’s own personal diaries. It often left him disabled for weeks on end. He wrote to 
his friend Joseph Hooker (1817–1911) on 1st September 1859: ’I had a terrible long fit of 
vomiting yesterday, which makes the world rather extra gloomy today.’ Many letters to 
his friend and respected colleague, the distinguished Harvard botanist Asa Gray, tell us 
how difficult the illness was for him.

There has been much debate over whether his illness had a genuine medical cause, or 
whether it was psychosomatic, such as bereavement syndrome. At least 40 conditions 
have been proposed to explain Darwin’s illness. 



Popular medical diagnoses have included arsenic poisoning, Chagas disease, various gut 
ailments, such as inflammatory bowel disease, and an inherited mitochondrial disorder. 
Here I show that lactose and food intolerance is the only condition that explains all 
his symptoms. The evidence for this is based on the family history over at least four 
generations. The fact that this is the only explanation for the wide range of gut and 
symptoms around the body, and the only time he got better was when he massively 
reduced his milk intake, such as in the water therapy cure, first with Dr Gully at Malvern, 
and then at other locations in Richmond, near London, and at Ilkley, in Yorkshire. It was 
while he was at Ilkley that the first edition of On the Origin of Species was published. The 
success of the water cure is documented in Darwin’s extensive correspondence during 
this time. Furthermore, we have recently revealed a molecular mechanism to account for 
both the gut and systemic symptoms, based on metabolic toxins produced by microbes 
in the intestine affecting calcium and other cell signalling mechanisms. This mechanism 
has important implications in several other diseases, including diabetes, inflammatory 
bowel disease, Parkinson’s disease, and some cancers.

Lactose intolerance also has fascinating things to tell us about molecular evolution; 
the origin of lactose, the unique sugar in milk; why white humans were able to invade 
the plains of Europe after the last ice thaw, some 10,000 years ago; and one of the 
most intriguing problems in evolution—the origin of a new enzyme such as lactase, the 
enzyme responsible for cleaving lactose into its constituent monosaccharides, galactose 
and glucose.

Museum Collections—The Linnaeus Connection

The Future of Natural History Collections

Lynne R Parenti
National Museum of Natural History—Smithsonian Institution

Washington, DC | USA | parentil@si.edu

The evolution of natural history collections is well known. Collections moved from 
the early cabinets of curiosities to complex, temperature-and-humidity-controlled 
storage facilities. Hand ledgers are now digital archives. Proper methods of collection, 
documentation and preservation pass from generation to generation. We understand 
that we will maintain these collections ’in perpetuity’. The principal scientific use 
of the collections—to document biodiversity—has not changed since they began. 
Museum professionals agree: collections are irreplaceable and their value inestimable. 
Yet collections are not visible to the public at large. We must encourage the public to 
continue to support them. We can ignite interest in collections by expanding their uses 
and increasing access to them. I discuss three novel uses of collections at the National 
Museum of Natural History: 



1. Mine old collections for new data. Fisheries biologists generate most of the data on 
reproductive biology of fishes using fresh not archived museum specimens. Yet archival 
collections may be a source of data on reproductive biology for rare or unique taxa that 
are otherwise unavailable. 

2. Invite artists into the collections to study natural history specimens and to collaborate 
with scientists. The Smithsonian Artist Research Fellowship (SARF) program pairs 
outstanding visual artists with museum scientists. The artists conduct research and 
create new artwork. The scientists and artists explore the same new technology, such as 
3D printing, at the same time. 

3. Cryopreserve living tissue to ensure molecular sequence data of the highest quality 
and address the possibility of ‘regenerating’ species in the laboratory or in nature. 
Cryopreserved stem cells may become part of museum collections with adoption of 
a standardized collection and preservation protocol. These are but three examples of 
collaboration across traditional discipline boundaries.

Collections and the Linnean Society: Horticulture in the Linnaean World

Mark Spencer
Natural History Museum | London | UK | m.spencer@nhm.ac.uk

The Linnaean herbariums and associated collections have played a key role in taxonomy 
and nomenclature throughout much of the last three centuries; this central role is 
best exemplified by the work of the Linnaean Plant Name Typification Project—a 
collaborative exercise that has joined individuals and institutes together with the 
primary purpose of selecting type specimens for Linnaean names. The work of 
typifying Linnaean names continues but there remains much that is unknown about 
these collections. The 17th and 18th centuries saw the large scale introduction of 
plants to horticulture. To date, the study of the domestication of these plants is largely 
interpreted via artwork, manuscripts and publications; rarely do researchers investigate 
the primary materials, the plants themselves. The Linnaean and Sloane Herbariums in 
London hold a unique repository of plant specimens collected, often under the aegis 
of the Dutch East India Company, from around the world, particularly the eastern 
seaboard of North America, South Africa, China and Japan. This talk will present some 
observations, based upon herbarium specimens, on the networks of communication 
that existed in NW Europe during The Enlightenment and how those networks 
helped influence horticulture to this day. These collections can also indicate how the 
technologies of the day fared when growing challenging plants from distant climes and 
they may also provide us with direct evidence of the parentage of horticultural plants of 
complex heritage.



The Social Life of ‘Nature’: Botanical Gardens and Collections

Jan Salick
Missouri Botanical Garden | St. Louis | USA | jan.salick@mobot.org

Linnaeus, as a student, was recognized by both Professors Rudbeck and Celsius for 
his knowledge of medicinal plants at the University of Uppsala Botanic Garden (now 
Linnaeus Garden). This view of ‘nature’, as providing medicines for people, arose early 
(Chinese, Persians, Greeks, etc.), was the basis for the first botanical gardens in Europe, 
and continues today. To the end, Linnaeus considered himself a prominent physician, 
generating as many theories and systems of medicine as he did of botany, zoology and 
geology, although the latter are his lasting legacies. Naming and systematizing plants, 
animals, and minerals also began early (folk taxonomies, Aristotle, etc.) and drove 
Linnaeus to develop both binomial nomenclature (a shorthand, first introduced by the 
Bauhin brothers 200 years earlier) and systematics (an organizational scheme, Systema 
Naturae, initiated by Rudbeck) to deal with the richness of ‘nature’. “Linnaeus’ apostles” 
were sent around the world to collect plants, animals and minerals (as did Alexander 
the Great for Aristotle). This view of ‘nature’ continues today, through present day plant 
exploration and publication of new species, checklists, flora and systematics. Another 
view of ‘nature’ was spurred by the exploration of the world, when curiosities and wonders 
of nature became a focus. Uppsala, as elsewhere in Europe, had a penchant for these 
wonders and was home to Cabinets of Curiosities and collections. This view of ‘nature’ 
also continues today, for example, with the public flocking to blooming Amorphophallus 
titanium. Colonialism placed a very economic value on ‘nature’: what plants produce 
income? Rubber, cotton, tea, spices, coffee, opium and crop exchanges proliferated. Even 
Linnaeus, in colony free Sweden, argued (unrealistically) that Lapland would provide 
plants to make Sweden economically self-sufficient. Still today, ‘ecosystem services’ has a 
distinctly economic orientation.  In the mid-19th century, Wallace and Darwin put process 
to nature and evolution and modern systematics were born. 

Botanical gardens and museums displayed and interpreted the plant world for the public 
to make sense of the confounding richness of ‘nature’, to promote appreciation of its 
beauty and only occasionally to explain evolution. In the second half of the last century, 
biodiversity became the calling card for ‘nature’ and ‘nature conservation’ a purpose of 
botany. Currently, collections are used to establish conservation priorities and effects of 
climate change on plant distributions and phenologies. Toward the conservation of nature 
and mitigation of climate change, most collections and botanical gardens now participate 
in and promote international policy including IPCC, IPBES, and GSPC including the World 
Flora. From medicine to world policy, botanical gardens and collections have served to 
investigate, display, interpret and promote evolving views of ‘nature.’ There are historical 
threads that lead back to the Greeks and beyond, but interpretations and concepts of 
‘nature’ are ever evolving in response to society, knowledge and theory. Many perceptions 
of ‘nature’ endure, overlap, entwine and compete. ‘Nature’ is a protean scientific and 
social concept, nevertheless fundamental to botanical collections and gardens.



From Fieldwork to Neurobiology: A Botanical Journey

Dennis Wm Stevenson FMLS
New York Botanical Garden | New York | USA | dws@nybg.org

Cycads with their 280 million year history are an important and irreplaceable group 
within plant biodiversity that have retained seemingly unchanged features during this 
time as well as having developed important, unique features that have application to 
today’s medicine and conservation strategies. This presentation represents our current 
state of knowledge developed over the past half century in the field, botanical gardens, 
and herbaria, concerning the evolution, chemistry, pollination biology, anatomy, 
karyology, ethnobotany, and molecular biological aspects, among other topics, of the 
cycads. It demonstrates the utility of past trends of botanical research, where the future 
may lie and how increasing knowledge of their biology can address contemporary issues 
in biology.

The Horticultural and Botanical Underpinnings for Evolutionary Insights 
in the Late 18th and Early 19th Centuries

William (Ned) Friedman
Arnold Arboretum, Harvard University | Boston | USA | ned@oeb.harvard.edu

Any analysis of the development of Darwin’s understanding of the process of evolution 
must begin with an acknowledgement of one simple but underappreciated fact: Charles 
Darwin was the single most important and creative botanical thinker of the 19th century. 
From his student days at Cambridge as ‘the man who walks with Henslow’ through 
the end of his life, Darwin was an avid reader of botanical and horticultural literature, 
a constant correspondent with the most eminent horticulturists and botanists of the 
time, as well as a profoundly creative backyard experimentalist. Importantly, Charles 
Darwin, as well as a number of other early evolutionists including his grandfather 
Erasmus Darwin, James Hutton, William Herbert, Patrick Matthew, Alexander Moritzi, 
Charles Naudin, and Matthias Jakob Schleiden drew heavily from late 18th and early 
19th century botanical and horticultural knowledge to gain critical evidence for and 
insights into the process of evolution. Botanically-inclined early evolutionists made 
use of an extensive understanding of plant hybridization, agricultural and horticultural 
domestication history, local adaptation, and plant diversity to piece together key facets 
of the evolutionary process. In the end, botanical and horticultural knowledge provided 
a unique set of perspectives complementary to those derived from the zoological 
world, that, in Charles Darwin’s hands, saw fruition in an overwhelmingly synthetic and 
complete argument for descent with modification in On the Origin of Species.



Linnaeus, Smut and the Germ Theory of Disease
Janis Antonovics1 and Michael E Hood2

1 University of Virginia | Charlottesville | USA | ja8n@virginia.edu
2 Amherst College | Amherst | USA | mhood@amherst.edu

Linnaeus was well ahead of his time in emphasizing the parallels between animal, plant 
and human disease, and in his inference that infectious diseases were caused by living 
organisms. Early in his career, Linnaeus mistakenly named a plant diseased with anther-
smut disease as a separate species, but later came to see smut diseases as infections 
caused by fungi. Linnaeus’ microscopic studies on smut fungi, which strongly reinforced 
his idea that similar processes were involved in human diseases, have been discounted 
as erroneous. However, by placing his observations in a biological context, we show 
Linnaeus’ observation that smutted grains produced animalcules resulted from confusion 
over the fungal disease and seed-galls caused by nematodes. The presumption that 
he was fanciful in his observations in part explains why Linnaeus had only a tangential 
impact on the germ-theory of disease, and why his insights into infectious disease are not 
fully appreciated to this day.

The Herpetology of the Beagle
Aaron Bauer

Villanova University | Villanova | USA | aaron.bauer@villanova.edu 

Charles Darwin collected at least 270 specimens of amphibians and reptiles in the 
course of the voyage of the Beagle (1832–1836). The majority of these were spirit-
preserved and numbered with stamped metal tags. In addition, a small number of 
dry preparations of Galápagos iguanas and tortoises were also returned to England 
by Darwin and the officers of the Beagle. Information about Darwin’s herpetological 
specimens was recorded in his Zoology Notes, in the so-called Down House Notebooks, 
and in an archival manuscript, Reptiles in Spirits of Wine. Although some identifications 
were made by Darwin himself, most material was examined and determined by Thomas 
Bell, who authored the herpetological portions of the Zoology of the Beagle (1842–1843). 
Bell treated only some of the more interesting species of frogs and lizards in Darwin’s 
collection and sent most of the snake material to Paris for identification by Gabriel 
Bibron. About 175 specimens from the Beagle are listed in the registers of the Natural 
History Museum, London. Some of these were donated as early as 1837 and others 
were not received until the 1850s, but most entered the collections in 1845, after Bell 
had completed his work with them. About 130 of these specimens, including the types 
of a number of species, have been located in the collections in London. Another twenty 
Beagle specimens, presented by Bell, are present in the Muséum National d’Histoire 
Naturelle in Paris. The fate of the remaining ~120 specimens, remains unknown. Among 
the specimens identified was Darwin’s ‘pet’ tortoise, which had been the source of much 
speculation over the last century. 



Although some theories had this specimen alive and living in Australia until the recent 
past, the specimen was actually donated to the British Museum within months of 
Darwin’s return from the voyage, but was hidden in plain sight since the 1840s as a dry 
mounted preparation. Darwin’s methods of euthanasia for amphibians and reptiles on 
the Beagle have also been reconstructed based on his own writings and on evidence 
from the surviving specimens themselves. At least five methods were employed: 
drowning, bludgeoning, pithing, strangling, and shooting.

Mark Catesby’s New World Journey

David J Elliott
Catesby Commemorative Trust | USA | davidmep@bellsouth.net 

This presentation explores the life, work and, accomplishments of Mark Catesby (1683–
1749), an Englishman whose explorations in North America resulted in the first natural 
history book to use folio-sized colour plates, as well as the then most comprehensive 
account of North American flora and fauna. It includes newly-discovered information 
about Catesby developed by the authors of The Curious Mister Catesby; a ‘truly ingenious’ 
naturalist explores new worlds, and especially by co-editor Dr E Charles Nelson, FLS.

Catesby’s works start with his first venture to British North America in 1712, where he 
spent most of his time in Virginia, but included a voyage to Jamaica and Bermuda. While 
he conceded that he spent most of his time in Virginia enjoying himself, he nevertheless 
made useful contributions to our knowledge of its natural history. And almost the only 
direct discussion of Catesby’s personality is in William Byrd II’s coded private diary. By 
1719 he had returned to England, but in 1722 he sailed for South Carolina sponsored by 
enthusiastic amateur naturalists, mostly Fellows of the Royal Society, which authorized 
but did not fund the trip. He spent three years exploring and studying its fauna, flora 
and anthropology in both the coastal and interior wilderness. Inter alia he experienced 
hurricanes, piracy, an Indian ambush, alligators and encounters with rattlesnakes. He 
also made the first known comment in English about the effects of habitat destruction 
on the survival of a species. He had developed a determination to produce a serious 
publication of his work. Three years later he moved on to the Bahamas. There he made 
numerous additional observations, including one that led to his development of the 
first rational theory of bird migration. Upon returning to England, probably in 1726, 
he started work on his magnum opus, The Natural History of Carolina, Florida and the 
Bahama Islands. Published by subscription in sections, each with 20 plates accompanied 
by text in both English and French, the first of what was to become 21 sections, 
appeared in 1729 with the final section being published almost 20 years later. Not only 
did he write over 300 pages of text, but also completed about 250 watercolors, learned 
how to etch them himself into what became 220 plates, most of which he colored 
himself, for a total of over 35,000 individual printed pages. The Natural History was to 
remain in print for almost a century. In diverse ways, it influenced Carl Linnaeus, Thomas 
Jefferson, Lewis and Clark, James Audubon, and even Charles Darwin. Moreover, his 
interests extended to the introduction of North American plants to England, with the 
most significant being the Magnolia grandiflora and the Catalpa bignonioides.



Biogeography—The Wallace Connection

Alfred Russel Wallace: The Complete Naturalist

Sandy Knapp
Natural History Museum | London | UK | s.knapp@nhm.ac.uk 

For many, Alfred Russel Wallace is the one who discovered evolution by natural 
selection coincidently with Charles Darwin, but did not get any of the credit. He is 
often seen as hard done by, and neglected by the scientific community. This is far 
from the truth—Wallace made profound impacts on many areas of science, from 
taxonomy to biogeography to evolution. All of Wallace’s insights were underpinned by 
his unparalleled observational skills and keen analysis of things he saw in the field. Field 
biology—natural history—has fallen out of fashion, but could not be more important 
as we face global environmental challenges of unprecedented scale and scope. This 
talk will explore Wallace’s field experiences and how these contributed to his thinking—
from Wales to the Amazon, and then to the tropics of the Malay Archipelago. His 
understanding of plant and animal distribution and ecology was the result of his years of 
collecting and observing—and he put this knowledge to work in integrating novel and 
insightful ideas about how the natural world works.

How Earth History Shapes the Origin  
and Assembly of Continental Vertebrate Biotas

Joel Cracraft
American Museum of Natural History | New York | USA | jlc@amnh.org

Much has been written about the global biogeography of continental vertebrate faunas, 
from their beginnings some 350 million years ago to the present. The literature on this 
topic is heterogeneous, given it addresses a vast diversity in space and time. Much of our 
conceptual and empirical understanding comes from analyses of contemporary biotas 
and is substantially ecological in its perspective. With the explosion of phylogenetic 
knowledge over the past decades, historical biogeographers have also had more to 
say about how contemporary biotas evolved and the multitude of factors that might 
have shaped their evolution. The question is how we explain, rather than ‘reconstruct,’ 
the history of these biotas and the patterns of diversity that are manifested from that 
history. A large number of investigators have sought ecological correlates—energy flow, 
biotic interactions, temperature, precipitation—that might ‘explain’ patterns of diversity 
and endemism. Others have used a plethora of biogeographic methods to reconstruct 
biogeographic histories as ‘explanations’ of why certain groups are where they are, how 
they got there, and when, sometimes correlating those with reference to large-scale 
Earth history. My viewpoint is that much of this literature is inadequately mechanistic. By 
that I mean: 



How variation in biotic patterns—for example, the phylogenetic nonrandomness of 
clades across space and time, and the diversity patterns they exhibit—are explainable 
in evolutionary terms, namely as a consequence of speciation and extinction rates, 
also across space and time. These are clearly extremely difficult problems to address, 
because they call for integrating knowledge across disciplines and thinking about the 
hierarchical levels at which various causal processes operate. We are currently awash in 
facile explanations such as ‘empty ecospace’ and we need to move forward. I suggest 
that Earth processes are the first-order drivers of diversity and distributional history; 
that is, tectonics sensu lato and climate change are the first-order controls on speciation 
and extinction rates across spatial and temporal scales. This view does not exclude a 
multitude of other mechanisms operating at individual and populational levels, as will be 
explained, thus this is not a claim that Earth history explains everything. 

My talk will use examples from our own work and that of others. We show how 
speciation and extinction rates are largely coupled and responding to state-changes in 
Earth history that may operate at global, regional, or local scales. Evolutionary biologists 
have long-recognized this but generally not seen how these processes manifest 
themselves spatiotemporally at different levels of biological organization.

Past and Modern Perspectives on Evolution

What would Linnaeus, Darwin and Wallace Make of Evolution Today?

James Mallet
Harvard University | Boston | USA | jmallet@oeb.harvard.edu

Biology today would have been almost unrecognizable to a naturalist of the 1850s. 
Darwin grappled with ideas of heredity, and got it wrong. Mendelian heredity, molecular 
biology and genomics have led to major changes in our understanding of evolution. 
These discoveries would have been very difficult for earlier scientists to predict. On the 
other hand, our understanding of the nature of species did not, in my view, advance 
so rapidly, at least since the revolution brought about by Darwin and Wallace. Their 
view of species and speciation required heredity, but was compatible with blending 
inheritance, as well as with a Mendelian view of heredity. Today’s views on species are 
perennially divisive and contradictory, and are maybe in need of a bit of Darwinian 
uniformitarianism. Hybrids between species were known, and were inferred as a possible 
mode of origin of new species even by Linnaeus. Darwin himself treated an aspect of 
this fascinating topic at length in his 1859 chapter Hybridism, particularly the sterility of 
interspecies hybrids, but would probably not have appreciated the growing importance 
of reticulation among species we are only today revealing using genomic data. Even 
so, it is surprising that our latest discoveries about species and speciation seem more 
compatible with Darwinian species ideas than with stricter and more idealistic species 
concepts popular by the mid-20th century. While alluding to the history of evolution, this 
talk will mainly focus on recent findings about species and speciation.



Hybrid Speciation in Plants

Simon Hiscock
Oxford Botanic Garden and Harcourt Arboretum | Oxford | UK | simon.hiscock@obg.ox.ac.uk

For many years evolutionary biologists, especially those interested in animals, viewed 
hybridization as a negative force in evolution. This ‘zoocentric’ view of hybridization 
was challenged by botanists in the second half of the 20th century as the widespread 
nature of natural hybridization became appreciated and ‘hybrid species’, especially 
allopolyploids were recognized. Today interspecific hybridisation is recognized as an 
important mechanism of abrupt speciation in both plants and animals, but especially in 
plants where it is frequently associated with genome duplication (allopolyploidy). While 
examples of allopolyploid speciation are common in the literature, examples of hybrid 
speciation without a change in chromosome number (homoploid hybrid speciation) 
are less common, probably because they are more difficult to detect. Here I will review 
the key historical and contemporary literature that has provided critical insight into the 
processes and mechanisms of homoploid and allopolyploid speciation in plants with 
a particular focus on examples from the UK flora. Among this well studied flora the 
genera Senecio (Asteraceae) and Sorbus (Rosaceae) provide some of the best text book 
examples of hybrid speciation. 

In the UK at least five new hybrid Senecio taxa have arisen in the last 100 years following 
the introduction of Senecio squalidus (Oxford ragwort) in the early 18th century. S. 
squalidus is the homoploid derivative of hybridization between S. aethnensis and S. 
chrysanthemifolius on Mount Etna, Sicily, which evolved in allopatric isolation in the UK 
following the introduction to Oxford of hybrid plants from Sicily ~300 years ago. During 
its ‘invasion’ of the UK, Oxford ragwort has hybridized with native groundsel S. vulgaris 
to form four hybrid taxa, a sterile triploid S. baxteri, fertile allotetraploids S. vulgaris var. 
hibernicus and S. eboracensis, and allohexaploid S. cambrensis (Welsh ragwort); while 
hybridization with S. viscosus produced the sterile hybrid S. subnebrodensis. These hybrid 
taxa have proved particularly tractable for molecular genetic and genomic studies of 
homoploid and allopolyploid speciation ‘in action’; key findings of these studies will be 
discussed in this seminar.

In the UK, the Avon Gorge, Bristol is a major ‘hotspot’ for Sorbus diversity with over 20 
different taxa, including at least six endemic to the Gorge. This diversity is the result of 
hybridization and introgression facilitated by mixed sexual and asexual mating systems. 
A combination of diploid self-incompatible (SI) sexual species and polyploid apomictic 
species show highly complex interspecific mating patterns that drive ongoing reticulate 
evolution—a classic example of a ‘syngameon’. Recent research has demonstrated that 
the presence of SI in pseudogamous apomictic triploids is largely responsible for driving 
these evolutionary processes. Similar processes appear to be ongoing at other Sorbus 
diversity hotspots in the UK and Europe, so are likely to be a general phenomenon within 
this genus and perhaps other Rosaceae agamic complexes worldwide.



Historical Potpourri

Being a Botanist in 17th-century Virginia: Rev John Banister  
and his copy of John Parkinson’s Theatrum Botanicum (1640)

Karen Reeds
Princeton Research Forum | USA | karenmreeds@gmail.com

This paper offers a case study of the problems that early modern European naturalists 
faced in collecting, describing, and transmitting New World plants. In 1688, Rev John 
Banister, an Anglican missionary in the backwoods of colonial Virginia, was sent a copy 
of John Parkinson’s huge herbal, Theatrum Botanicum (Thomas Cotes, 1640). That 
volume—with Banister’s signature, annotations, and fragments of pressed American 
plants—survives in a small New Jersey public library, the Burlington County Lyceum of 
History and Natural Science. 

Using accounts of Virginian snakeroot (Aristolochia serpentaria L.), I analyze Parkinson’s 
entries for North American plants, Banister’s use of the herbal in his own botanical 
explorations, his English contemporaries’ responses to his work, and the afterlife of 
Banister’s personal library.

Linnaeus’ Philosophia Botanica and the Establishment of  
a Botanical Curriculum in the USA

Marshall Sundberg 
Emporia State University | Emporia | USA | msundber@emporia.edu

Linnaeus’ influence on classification in the 18th and early 19th centuries is well known; 
less so is his influence on the teaching of botany in the United States. Philosophia 
Botanica, published in 1753, and translated into English in 1775, consisted of a numbered 
series of aphorisms, which served as a model for many of the early American texts. The 
text is divided into 12 chapters that provide a model for training new botanists. Like a 
good teacher, Linnaeus begins with a brief history of botany and moves to the structure 
of flowering plants and the nature of sexual reproduction. Much of the text relates 
to the characters, names, and definitions that would ultimately be important for his 
classification. Again, like a good teacher, he introduces his own research as it pertains to 
the topics of discussion.

This book essentially served as a college outline for many of the first botany courses 
offered in the United States, including those by Waterhouse at Brown and Harvard, 
Barton at Penn, and Hosack at Columbia. According to Thomas Nuttall, writing in 1827, 
“Nearly all the elementary works on Botany extant are derived from the Philosophia 
Botanica of Linnaeus, a work of great labor and utility to those who would wish to make 
themselves masters of this fascinating branch of natural knowledge.”



Programme

Friday 6th May 2016

17:00–18:00 Registration

18:00–19:00 Dianne Edwards | Glimpses of the History of the Linnean Society: A   
  Personal View

19:00–20:00 Wine and Cheese Reception

20:30  Shuttle to Holiday Inn (Optional)

Saturday 7th May 2016

08:30  Shuttle from Holiday Inn to Arnold Arboretum (Optional)

Evolution - The Darwin Connection

09:00–09:40 Presidential Welcome and Lecture, Paul Brakefield | Evolution on the   
  Butterfly Wing: from Molecules to Diversity

09:40–10:20 Hans Sues | The Triassic: the Beginnings of Modern Life on Land

10:20–10:40  Tea/Coffee Break

10:40–11:20 Greg Edgecombe | Arthropod Evolution: Integrating Fossils, Morphology  
  and Molecules

11:20–11:50 Michael Coates | New views on the Deep Origin of Modern Sharks and   
  Jawed Vertebrates

11:50–12:20 Anthony Campbell | Darwin Diagnosed?

12:20–13:20 Lunch 

Collections - The Linnaeus Connection

13:20–14:00 Lynne Parenti | The Future of Natural History Collections

14:00-14:40 Mark Spencer | Collections and the Linnean Society: Horticulture in the   
  Linnaean World

14:40–15:00 Jan Salick | The Social Life of ‘Nature’: Botanical Gardens and Collections

15:00–15:20 Dennis Stevenson | From Fieldwork to Neurobiology: a Botanical Journey

15:20–15:40 Tea/Coffee Break

15:40–16:20 William (Ned) Friedman - The Horticultural and Botanical Underpinnings  

  for Evolutionary Insights in the Late 18th and Early 19th Centuries



16:20–16:40 Janis Antonovics and Michael E. Hood | Linnaeus, Smut and the Germ   
  Theory of Disease

16:40–17:00 Aaron Bauer | The Herpetology of the Beagle

17:00–17:20 David Elliott | Mark Catesby’s New World Journey

17:20–18:00 Free time to explore the Arnold Arboretum

A Typical Burlington House, Piccadilly Meeting

18:00–18:15 Formal Admission of Fellows, including signing the Roll & Charter and   
  Presidential Handshake

18:15-–19:00 Sandy Knapp | Alfred Russel Wallace: The Complete Naturalist

19:00–21:00 Buffet Dinner and Wine

21:00  Shuttle to Holiday Inn (Optional)

Sunday 8th May 2016

08:30  Shuttle from Holiday Inn to Arboretum (Optional)

Biogeography - The Wallace Connection

09:00–09:40 Vicki Funk | Biogeography and the Evolution of Life in the Pacific

09:40–10:20 Joel Cracraft | How Earth History Shapes the Origin and Assembly of   
  Continental Vertebrate Biotas

10:20–10:40 Tea/Coffee Break

Past and Modern Perspectives on Evolution

10:40–11:00 James Mallet | What would Linnaeus, Darwin and Wallace Make of   
  Evolution Today?

11:00–11:40 Simon Hiscock | Hybrid Speciation in Plants

Historical Potpourri

11:40–12:00 Karen Reeds | Being a Botanist in 17th-century Virginia: Rev John   
  Banister and his copy of John Parkinson’s Theatrum Botanicum (1640)

12:00–12:20 Marshall Sundberg | Linnaeus’ Philosophia Botanica and the    
  Establishment of a Botanical Curriculum in the USA

14:00–15:00 Arnold Arboretum Tours (Optional)


