














How many described species on earth?
A. ~500 000

B. ~1 million

C. ~2 million

D. ~10 million

E. ~ 20 million
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Sir John William Dawson



One of the founders of the science of palaeobotany

The Origin of the World, According to Revelation
and Science (1877)

Facts and Fancies in Modern Science: Studies of the

Relations of Science to Prevalent Speculations and
Religious Belief (1882)

The Story of the Earth and Man

Sir John William Dawson
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what are the main tenets
of eco-evo- ?



Discovery of genes that requlate development



engrailed
a segment polarity gene



expression and function is highly
conserved across all animals



engrailed is highly conserved



Pax6/eyeless gene

an eye development gene



Pax6/eyeless gene is highly conserved

Mouse



changes in sequence, expression,
function, and number lead to
evolution of form and function
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Ants are Eusocial

cooperation

photos © Alex Wild



Ants are Polyphenic

. photo © Alex Wild
Environment

nutrition
temperature
social interactions

Genome






Darwin 1859 (pages: 257-263):

... But we have not as yet touched on the climax of the difficulty; namely, the fact
that the neuters of several ants differ, not only from the fertile males and
females, but from each other, sometimes almost to an incredible degree, and
thus are divided into two or even three castes.”
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Pheidole



Ancestral Developmental Potential
Facilitates Parallel Evolution in Ants

Rajendhran Rajakumar,® Diego San Mauro,™* Michiel B. Dijkstra,t Ming H. Huang,?
Diana E. Wheeler,? Francois Hiou-Tim,* Abderrahman Khila,'t
Michael Cournoyea,’§ Ehab Abouheifl|

Complex worker caste systems have contributed to the evolutionary success of advanced ant
societies; however, little is known about the developmental processes underlying their origin

and evolution. We combined hormonal manipulation, gene expression, and phylogenetic
analyses with field observations to understand how novel worker subcastes evolve. We

uncovered an ancestral developmental potential to produce a “supersoldier” subcaste that has
been actualized at least two times independently in the hyperdiverse ant genus Pheidole. This
potential has been retained and can be environmentally induced throughout the genus.
Therefore, the retention and induction of this potential have facilitated the parallel evolution of
supersoldiers through a process known as genetic accommodation. The recurrent induction of
ancestral developmental potential may facilitate the adaptive and parallel evolution of phenotypes.
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MeGrill Scientists Creake Mownster Anks

NationalPost: Super soldier’
ants created at McGill

BBC: Ants turned into ‘'supersoldiers’

Nature: Return of the super ants

PBS: Honey, I Blew Up the Ants

Scientific American: Scientists Make Supersoldier Ants




MeGrill Scientists Create Mownster Anks

The Telegraph: Frankenstein ants created by scientists

WebProNews: Giant-Headed Supersoldier Ants
Protect The Colony, Haunt My Nightmares

The Week: New York's 'horrific' supersoldier ants

Pheonixnewtimes: We're Doomed: Scientists Create "Supersoldier" Ants with Jaws

DailyMail: Welcome to a brave new world: Genetic scientists
create freakish man-made monster ants with huge heads and
jaws

Read more: http://www.dailymail.co.uk/sciencetech/article-2082799/Supersoldier-ants-gigantic-jaws.html#ixzz2AQSUbo2|
Follow us: @MailOnline on Twitter | DailyMail on Facebook



http://www.dailymail.co.uk/sciencetech/article-2082799/Supersoldier-ants-gigantic-jaws.html
http://ec.tynt.com/b/rw?id=bBOTTqvd0r3Pooab7jrHcU&u=MailOnline
http://ec.tynt.com/b/rf?id=bBOTTqvd0r3Pooab7jrHcU&u=DailyMail

Pheidole



supersoldiers naturally produced in
at least 8 Pheidole species!









Defend against
Army Ant Raids!

Huang 2009



Huang 2009 Huang 2009
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Pheidole morrisi

Rajakumar et al. (2012) Science



species are disappearing!
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soldier supersoldier
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Wilhelm Goetsch 1937 and 1939

Fig. 1: Head of a soldier of Anoplotermes cingulatus (n. var.?),
attained in an artificial nest. (In the wild, all Anoplotermes
species are invariably devoid of soldiers.)



1942, LiGHT 1943). GREGG’s (1942) discussion of GOETSCH’S
(1939a) discovery 1s particularly insightful: “It would mean
that although soldiers do not appear in normal wild colonies
and are supposed to have dropped out phylogenetically, their
genes are 1n reality still retained by the species. This can be
reinterpreted 1n favor of environmental control by assuming
that, while genes are admittedly present, some change 1n the
physiological thresholds 1n the particular colony has in part
enabled them to come to expression. The anomaly might also
be interpreted as the result of phylogenetically suppressed
genes which cause the degeneration of certain characters (in
this case the soldier caste), but which have not been entirely
lost because of other vital influences 1n the termite colony.”
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Die Entstehung der ,,Soldaten‘’ im Ameisenstaat.
Von W. GoEgrscH, Breslau.

Bei manchen Ameisenarten sind die Arbeite-
rinnen von so verschiedener Gestalt, daf3 man sie,
einzeln betrachtet, fiir besondere Arten halten
kénnte. Die ganz grollen Arbeiterinnen spielen
dabei eine besondere Rolle: Es sind dies Tiere,
welche oft die Lange der Vollweibchen erreichen,
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Fig. 1. Chilenische Ameise Solenopsis gayi (Spin.).
Santiago. Kopfe (ohne Fiihlerendglieder). a Weibchen
{mit 3 Stirnaugen), b ,,Gigant” (= die GréBe der Weib-
chen erreichender Arbeiter), c¢—e Ubergangsformen,

f kleinster Arbeiter (== Polymorphismus des Arbeiter-
standes). Links MaBstab in Millimeter.

dann noch Arten mit nur dimorpher Arbeiterkaste;
bei ithnen stehen den kleinen Formen iibergangslos
,,Giganten‘* gegeniiber, die dann traditionell ,,Sol-
daten’ genannt werden. Wie groB die Unterschiede
sein kénnen, zeigt in Fig. 3 Pheidole pallidula Nyl.,
eine mittelmeerische kleine Ameise.

Uber die Entstehung eines solchen Poly-
morphismus und Dimorphismus ist schon viel ge-
stritten worden. Es stehen sich 2z Anschauungen
gegeniiber: Die einen nehmen an, daB die Be-
dingungen zu bestimmter GroéBe oder Gestalt
schon im Keim oder Ei zu suchen sind (= blasto-
gene Entstehung), wihrend die anderen den Grund
in besonders reicher oder besonders gearteter Nah-
rung sehen (== trophogene Ausbildung).

Um diese Frage ihrer Klarung naherzubringen,
unternahm ich Versuche mit Pheidole pallidula,
von denen ich in Capri Mitte und Ende Juli 1936
etwa 100 junge, gerade ausgeflogene Weibchen
erbeuten konnte. In manchen Fillen war es mir
moglich, bei einzelnen Tieren das Abfliegen vom
Nest sowie die Befruchtung in der Luft zu beob-
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ting fed, but each receiving only a little food. Therefore, I
commenced feeding liquid meat and solid sugar, 1.e., frog or
rabbit blood, meat juice and raw egg white on one side, and
hard bread crumbs soaked in sugar water on the other side.

After four weeks, soldiers developed only in cultures that
had been fed meat chunks, whereas all larvae raised with
liquid protein became workers. Later experiments, carried
out for half a year, showed again that it is always the solid
texture of the meat which is to be made responsible for the
generation of soldiers (Tab. 5). This, in turn, 1s caused by the
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https://doi.org/10.1038/s41586-018-0613-1

Social regulation of a rudimentary organ generates
complex worker-caste systems in ants

Rajendhran Rajakumar®?, Sophie Koch!, Mélanie Couture!, Marie-Julie Favé!3, Angelica Lillico-Ouachour', Travis Chen',
Giovanna De Blasis!, Arjuna Rajakumar', Dominic Ouellette! & Ehab Abouheif!*






Dewitz (1878):

“In his ‘Origin of Species,” Darwin speaks of the difficulty imposed onto
his theory by the so-called ‘neuters’ of eusocial insects, in particular
worker ants with a morphology differing greatly from reproductive
animals, caused by the complete lack of wings. This prompted me to
investigate whether at least rudiments of these limbs, which are
encountered so often in Orthopterans, can be found. For a long time my
search was in vain, until | examined larvae and found imaginal disks at

the sides of the two back thoracic rings.”



workers have vestigial wing discs
i

Dewitz, 1878
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Camponotus floridanus

Minor worker Major worker



DNA Methyltransferases
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(Szyf et al., 2007; Jablonka & Raz, 2009)



Genomic methylation and epigenetic toolkit expression levels
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