Rhagoletis pomonella

Native to North America

Males hang around fruit and mate with females
Females oviposit eggs on hawthorne fruit
Larvae grow up on fruit, spoiling it

About 100 years ago, Rhagoletis started to
lay eggs on apples, and also on cherries, pears
and roses.

Now is a major agricultural pest.
Assortative mating (hawthorn males mate with
hawthorn females; apple males mate with apple

females)

The two races (apple/hawthorn) are genetically
different (from gel electrophoresis)

Developmental time is different too (40 vs. 60 days for
hawthorn maggots)

Evolution of the Eocene primate
Pelycodus and Notharctus.
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TRENDS in Ecology & Evolution

7 Rhizosolenia (planktonic diatom) s

Raup (1962) model for shell coiling in
gastropods.

Real snails occupy one area of the parameter
space. Many theoretically possible patterns
have not yet evolved.

Can small, quantitative changes

lead to large qualitative changes? Teo: Toe6  Teor  T=50
| . ~
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D’Arcy Thompson (1926) coordinate AI |Ometl"y &
transformation: pufferfish to sunfish
by positive deformation of the tail r H eteroc h ro ny
region ;

® Allometry: differential rates of growth of
different body parts.

® Heterochrony: alternation of relative timing of
development in evolution, produced by
[ ) selection on allometric relationship

After Thompson 1917
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Allometric equation

y = mx*

x and Yy are traig measurements

If m =1, then...

Iny=alnx

a is the allometric coefficient

a = l:then y is proportional to x and there
is no allometry;y is isometric with
respect to x

a > |:then y grows faster than x (positive

Positive
Allometry (a > 1)

Isometric
Growth (a=1)

Iny

Negative
Allometry (a < 1)

In x

allometry)
a < l:then y grows slower than x (negative
allometry) .
Example of positive allometry
Positive

Allometry (a > 1)

PositiveAllometry:|
y grows quickly
relative to x.

Legs grow quickly
relative to torso

In x

Example of negative allometry

Negative Allometry: Hoad grows slowly

relative to torso

y grows slowly
relative to x.

Iny

Negative
Allometry (a < 1)

In x

The allometric coefficient (a) can be shown
to be variable, heritable, and adaptive.

Therefore, natural selection can act on it.

The end-point of ontogeny can be altered
by selection on initial parameters of develop-
ment:
(2) change the allometric relationship
(b) change the relative timing of the
onset or offset of developmental
events
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Iny

B s
Isometric growth (a = 1)
from ¢ = 0 (birth) to offset
at B (adulthood).

or

Prolonged growth to

Four heterochronic
processes

® Acceleration: relative rate changes faster (a

increases)

® Neoteny: relative rate changes more slowly (a

decreases)

® Hypermorphosis: relative rate is prolonged

® Progenesis: relative growth rate is fore-

offset B’
t=0
In x
19
P+Ap
B
Iny Iny B-Ap
Hypermorphosis Progenesis
leading to leading to
[5 a Peramorphosis a Paedomorphosis
Inx Inx
Iny
p
Ancestral
Trajectory
In x Iny Iny P
Acceleration Neoteny
leading to leading to
o Peramorphosis o Paedomorphosis
In x In x
Hypermorphosis: extension of the period of growth
results in exaggerated adult features 2
B+Ap
B
Iny Iny B-Ap
Hypermorphosis Progenesis
leading to leading to
[5 a Peramorphosis a Paedomorphosis
Inx Inx
Iny
p
Ancestral
Trajectory
In x Iny Iny P
Acceleration Neoteny
leading to leading to
o Peramorphosis o Paedomorphosis

In x Inx

Acceleration: acceleration of development results
in exaggerated adult features »

shortened
20
B+Ap
B
Iny Iny p-Ap
Hypermorphosis Progenesis
leading to leading to
[5 a Peramorphosis a Paedomorphosis
Inx In x
Iny
p
Ancestral
Trajectory
Inx Iny Iny P
Acceleration Neoteny
leading to leading to
o Peramorphosis o Paedomorphosis
In x In x
Progenesis: early cessation of growth results in
retention of juvenile features »
B+Ap
B
Iny Iny B-Ap
Hypermorphosis Progenesis
leading to leading to
[5 a Peramorphosis a Paedomorphosis
Inx Inx
Iny
p
Ancestral
Trajectory
Inx Iny Iny P
Acceleration Neoteny
leading to leading to
o Peramorphosis o Paedomorphosis

Inx

In x

Neoteny: deceleration of development results in
retention of juvenile features "
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Example of hypermorphosis: the extinct Irish Elk

Progenesis and/or neoteny produce paedamorphosis
(child form): the retention of juvenile characteristics
into adult organisms

Hypermorphosis and/or acceleration produce
peramorphosis (elder form): exaggeration of adult
characteristics in larger organisms

Hypermorphosis: positive allometry and delayed offset

' -
B' offset 80 - Antlers are the expected
|- length for an animal
of this height

60

. B offs i | Dama,
b & L % -
g : (Fallow Deer) :
£ . $360b O
'E Prolonged growth “20} 3
a producas a small ] .
g increase in body size ,; Hypermorphosis
£ and a much larger s =
increase in antler size in the Irish Elk. Sy b A_l;%vsiillmlon
within aloceros
———> increase in body size r ) X o
20 a0 60 e 46 480
Height of Sholder Length of Skull i mm
” Antlers are positively allometric with respect to body size
Progenesis: Timing of metamorphosis
. is size<lependant
negative allometry + If sexual maturity is achieved
at an earlier age, - "
early offset functional gonads develop Aschiian ('sea squil”. Urachardata)

f sessile adult & motile larva
in a pre-metarmorphosed form .

& size at sexual maturity

Note gonads in adult,

sessile which are abeant in juvenile.

adult

Tunicate et
w/ gonads i
Protochaordate 3
wi gonads T metamorphasis
motile larva chord R 3
I wio gonads » h9d Note nokochord in juvenile,

time of development ¢é—— ﬂ"ﬁ"\— which is absent in adult.

of functional gonads

notochond

Progenesis can be produced by negative allometry and early
offget

Huelsenbeck Lecture 11 Slides page 5 of 8




Homo sapiens

Rattus norvegicus
Perromy zon marvinns Chor -
Branchiostoma flovidae

Asadia ceratodes
Phallesia mamnullata

Notochord 5%
Pyrosoma adantcum 7

Clona 1 Urocl

Stvela phoata Charynx < N
Halocynthia roret:s ( B He:
Anvedon servata »

Free-swimming

d Nerve cord

Gill slit

#—Endostyle

Asterias anmrensis

S ki N
Echmodermata A —/ RS
Strongylocentrons prsprrans ~ :
Attached, early G
Ophiaplocus japonicns (H ot al. 1993) SRS Late metamorphosis
Baalanagloxss cornasis
Prychodera bahamensis Hemichordata

Nephays homberg, l Annelida

Ascidian ("sea squirt")
[Urechordata]

Garstang Hypothesis

Chordates evolved from motile juvenile urochordates
(Hickman etal. 1993) with a notochord through progenesis (fore-shortening
of growth).

Ascidian tadpole has notochord, pharyngeal gill slits,
and a post anal tail.

33 34

"'Of all animal pictures known to me,
this is the most manlike.” (Naef, 1926)

Homo as a neotenic ape

Mandibular portion of skull grows more slowly with
respect to cranium (negative allometry) %
35
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B’ 4

Acceleration:
Increase of

allometric coefficient

fast intercalary mitosis =>
sympetalous flowers
(hummingbird pollination)

intercalary mitoses

slow intercalary mitosis =>

a lobate flowers
(bee pollination)
petal mitoses

Hopeful Monsters (Goldschmidt, 1940)

Dachshund from Beagle through achondroplasia

39

\ slow intercalary growth

rapid intercalary growth
A

VT \ //7Q Effect of acceleration

of cytodifferentiation
on floral tube form

Petal primordia (p) are separated

by intercalary cells (j).

If intercalary mitoses are slow.

lobate floral tubes result.

If intercalary mitoses are rapid
(wrt petal mitoses).

sympetalous floral tubes result.

(after Futuyma 1986)

Drosophis ncust

Drosophil embryo

A (TR
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lab pb Did  Scr Antp Ubx  abda AdbB
Antennapedia group Bithorax group

Recent Indian and Miocene
dwarf rhinoceros

Standard and Ancon
varieties of sheep

Achondroplasia: limb growth is slow relative to the

rest of the skeleton 0

T3toT2
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