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What is life?

If you answer, you know what promotes life and its abundance

Ebola virus
(a tropical thing)

water discharges (,local tropics”)

Hydrothermal vents with geothermally heated

What is life?

If you answer, you know what promotes life and its abundance

Metabolism Reproduction Information Evolution
energy, materials carrier transgenerational changes
of the information carrier

YES ABSENT ABSENT
YES
highjacked INEVITABLE
from hosts
YES INEVITABLE

What is life?

If you answer, you know what promotes life and its abundance

Important implications for understanding why
water-rich tropics host high biodiversity

e Life means evolution

*  More life means more evolution

* More evolution needs more energy and more materials

* The more diverse energy and material sources,
the more diverse life evolution

* The more diverse evolution, the more diverse evolution

(tropical ,,snowball effect”)
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An example of some global scale trends
Terrestrial tropics characterised by the highest levels of evapotranspiration
(lots of solar energy and no shortage of water)

Actual evapotranspiration
mmiyear

[

<50 €100 €20 <400 <700 <1000 1800 <2500 >2500

Photosynthesis Equation

6CO, + 6H,0 Tf: CH..0, + 60,

Carban Water Sugar Oxygen
dioxide

the rate of water evaporation, related to

and water

- precipitation

Hoogeven et al. 2015. HESSD 12, 801-838

An example of some global scale trends
The higher the evapotranspiration, the more species of terrestrial birds

a Nearctic
800 5 | © Neotropical
< Palearctic o o
v Afrotropics
o Australia v v
@ 600 - " ‘gogs
3 P ococd
a
w
S 400 4
8
E
=] w
Z 200 {v %
0

1 T 1
0 500 1000 1500 2000
Actual evapotranspiration (mm/yr)

Hawkins et al. 2003. Ecology 84, 1608-1623

Tropical biodiversity in a nutshell

Self-perpetuating , snowball” effects (tropics are rich in coevolution)
The longer the slopes, the larger the snawball effect (tropics are old)

Tropical biodiversity in a nutshell
Let's highlight two evolutionary phenomena

The rat race competition - no absolute winners because Darwinian fitness is individual
reproductive performance relative to others - now and here

The "Red Queen" coevolution — no absolute winners because constant arms-race mechanism

Now, here, you see, it takes all the running
you can do, to keep in the same place.

Alice learns from the Red Queen
Through the Looking-Glass” (Lewis Carroll, 1871)

Organisms in populations participate in a constant ,rat race”
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Let’s change the perspective
of an organism or a species

Living things are
life strategies with dynamic life
cycles that undergo evolution

An elephant

Titan arum

Life Cycle of the Titan Arum
Amorphophallus titanum

Real name - Amorphophallus
titanum. Endemic to Sumatra.
Produces the largest inflorescence
in the world. Flowers every some
years. Flowers smell rotten meat
to attract carrion-eating beetles.

The name Titan arum given by Sir
David Attenborough who realised
that English translation of the
proper name for his BBS series
,Private life of Plants” would be
embarrassing.
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Organisms are life cycles Genetic types of life cycles
HAPLONTIC DIPLONTIC

juvenile Juver

Some algae
(dinoflagellates), protists,
fungi, some multicellula
rotifers Bdelloidea)

Bacteria, archaea,
some fungi,
slime molds (viruses?,

ASEXUAL

adult

zygote
. é uvenile é Large size & Ionglk‘e. juvenile
£ eridophytes, vascular
& [n] (» | plants, some algae,
“ gamate gamatey

rotists, fungi, many o
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Synthesis
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Nature Reviews | Microbiology

Organisms are life cycles
HAPLONTIC

juvenile

ASEXUAL

adult

SEXUAL

meigsis
Foraminifera

sidio

enile
Hybrid cycl g

Genetic type of life cycles

DIPLONTIC
juvenile

adult

mycota, microsporidia, protists '

S
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Organisms are life cycles Genetic type of life cycles

ASEXUAL

adult

SEXUAL

HAPLONTIC DIPLONTIC

juvenile

Hybrid cycles

4 HY!
U
Rotifer]s (other than Bdelloidea),
cnidaria, annelids, arthropods
(aphids, water fleas) . -

meiosis

Organisms are life cycles Genetic types of life cycles

HAPLONTI DIPLONTIC

juvenile

adult 2n

SEXUAL
O —
9.9

PHILOSOPHICAL
TRANSACTIONS B

rsth.royalsocietypublishing.org

Review Gtk

Cite thi artice: Thuin A, Koo W, 2006
Wht dors the grography of pathessgenr
ek . about sen? PR o, . Sax. 371
s

e e e/ 0 10ROV E5 0

What does the geography of
parthenogenesis teach us about sex?

Anaés Tiquin'? and Hanna Kokdo'?

Degarnmrss of Lukanar Radoyy and vwwmsestal e, Uwesty o [, Wetiwusmraizse V)
K57 Bk, Swomiant
ot f rorlence i kol e, vty of sk, Wismasiuamranunse G, 57 B,
Sutriand

A1 onces s0m3 628408

Theory preudicts that susl pecduction i diffacult 10 taimtain i sxcnsbity
s a0 opticn, Yot sex b veey coman. To wderstansd why, it s inportant
P atterataon to ropeatatly occurring condtons that Ear tramsitkms ks, of
persistence of, asrusaty. Geographic parthencgenesss is  torm that has

Parthenogenesis (asexual form of reproduction) is often less

common at low latitudes or elevations

or generally, it is less common in warmer habitats like tropical
rainforests that are rich in species and host-parasite interactions

but why?

Tropics - rich in species

Tropics - more different hosts & more specialised parasites

Tropics - higher parasite pressure & more advantages from sexual recombination
(the Red Queen coevolutionary mechanism)

DIPLONTIC

juvenile

ASEXUAL

SEXUAL

gamates
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Compare the pace of evolution among populations
of organisms with different life cycles

HAPLONTIC DIPLONTIC

juvenile juvenile

ASEXUAL

SEXUAL
(S .
O~—

gamates

Conclusions

Evolution faster in populations with haplontic vs diplontic organisms

Evolution faster in populations with sexual organisms

Evolution faster in populations with short life-cycle organisms
HAPLONTIC DIPLONTIC

juvenile juvenile

ASEXUAL

SEXUAL
(S .
Ca

gamates

Pathogenes evolve at enormous pace
large populations, small bodies and haplontic, short life cycles

8ill Hamilton in Krakéw
explained advantages of sexual reproduction
with a help of the Red Queen coevolutionary mechanism

Asexual reproduction produces genetic clones — so next generations are rapidly
overtaken by effective genetic forms of parasites

The Red Queen mechanism

* Pathogens rapidly evolve the ability to fight their host's immune
system

* Inresponse, hosts must rapidly recombine genes in their
offspring to keep up in the arms race

* No winners, but at least no complete losers

8ill Hamilton in Krakéw
explained advantages of sexual reproduction
with a help of the Red Queen coevolutionary mechanism

Sexual reproduction produces genetic recombinants — so next generations are not
completely overtaken by parasites
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Conslusions

Tropics - rich in parasite-host interactions, which promotes sex

Tropics - rich in sex, which generates a new selective force — sexual selection
Tropics - rich in sexual selection, and sexual selection is involved in the origin of

reproductive barriers and speciations

APLONTIC DIPLONTIC

\

juvenile

ASEXUAL

SEXUAL
(S .
O~—

gamates

Organisms’ traits
body size, physiological capacity, survival potential, etc.

Organisms are life cycles

which also means that the dynamics of life cycles evolve, leading to the diversity of

traits/forms (e.g. adult body mass)

Offspring numer R —
offspring body size —

Body size

age

v

Time is running

Strategy of optimal resource allocation

The Evolution
of Life Histories

Stephen C. Si

Koztowski 2000
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Body size has strong adaptive value
fertility (physiological capacity, sexual attractiveness), capacity to aquire resources
survival capacity
Larger predators get larger prey
recall from the last lecture: also larger hunting groups get larger prey

Predator-prey body mass relationships
Goldden Jacknl kb Serengeti, Tanzania
Silver jackal (10)

Wild cat (4)
Caracal (16)

Serval (15)
Cheetah (50)

Sinclair et al 2003 Nature

Body size has strong adaptive value
fertility (physiological capacity, sexual attractiveness), capacity to aquire resources,
survival capacity

Larger prey is safer
recall from the last lecture: also grouping in larger herds is safer for the prey

8 The number of mammal carnivore species that
| e oo prey upon the savannah ungulates of different
0 7 body sizes. Serengeti, Tanzania
561
i
5 ® o
a
547 b
8 3- ®e
1 LN ]
0o+—————— T T —
0 1 2 3 4

Log [herbivore weight (kg)]

clair et al 2003 Nature

Large predators: now and past

Today, tropics (especially savanna) are rich in large carnivores

LA T N —
UsA Number of ypercarivores 21 - 100 kg
Numbe of ypercarnivres > 100 kp Brown Hyena
| Royal Chitawan NP - Gray Wolf|  —s—
8 Nepal African Wild Dog| &=
Cheetah| =
Etosha NP
Namibia Pumal  —e—
Leopard| —e—
H Old World African Lion: e
/ OW Cave Lion _
NW Smilodon fatals ﬂ —_—_—
g oo [ —
=2 e OW Homotherium K —_—
it} i NW Homotherium —_
£ owvor I — owCar e =
l NW Dire Wl -
o 7 o
o

2} g
160 200 30
Number of Species. Estimated Body Mass (kg)

(A) Predator guild composition for four Pleistocene (red) and three extant (blue) communities. Indicated for each guild
are the total number of species of carnivorans (hypercarnivores and omnivores, e.g., ursids) with masses >21 kg
(black), the subset of these that are hypercarnivores (two toned bar), and the subset of these that are
hypercarnivores with masses >100 kg (dark blue or red).

(B) Estimated body masses (mean and range) of extant (blue) and extinct (red) hypercarnivores.

It is clear that body mass has strong adaptive value, but
adult mass is not ,,given at birth”: to grow you need time &
resources, which is risky and costly!

Body mass

Valkenburgh et al. 2016 PNAS
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Resources channeled to growth are
an investment to the future reproduction
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»Polish” white storks

a tropical bird that vistis Poland for reproduction ‘w

pOLSUA
el NRIPBTUR

b

~

Migrations driven by seasonality at
higher latitudes, result in ...
’ seasonality at low latitudes (in tropics)

Rain intensity instead of temperature
is a major driver of seasonality in tropics

A case study in Masai Mara savanna (Kenya)

Reproductive seasonality in African ungulates in relation to rainfall

Foas/100 Al Adults

K ©. Oguis 2, M-ty Pl et Huoly T, Duablie
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1w i
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i
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Birth month

Effects of Combined effects of
mortality & production

Effects of
mortality production capacity

S

)
T high : %

1

high

Bergmann’s rule

body size decreases when we approach tropics

white-tailed deer
Odocoileus virginianus
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Bergmann’s rule in endotherms
recall also from the last lecture, that humans evolved decreased body mass in
tropical rain forests

Within-species level Meiri & Dayan 2003

Bergmann’s rule in ectotherms

turtles squamates

/

amphibians

agreement with Bergmann’s rule:
® yes

O no Sceloporus lizards

within-species level Ashton 2002, Ashton & Feldman 2003, Sears & Angilletta 2004}

males 4 .

1 ST Drosophila melanogaster
S (African tropical species)
S st ) 0 40w Latitudinal clines in body size coupled
= s with changes in cell size and cell

" number

s

165 1 L3 P
d P t ¥ . :
3 el >

135 i

125

b ® ©

t s L1yt

5 16 4
g 10 = 3
s | !
@ 104 T
8 1y

98

92

0 5 10 15 20 25 30 35 40 45 Zwaan et al. 2000
Latitude

World-record in body size of beetles
both from Neotropics

Titanus giganteus

Scydosella musawasensis

17.11.2025

12



Yellow meranti Dipterocarpus (Shorea
faguetiana) 93 m
Danum Valley Conservation Area,

The 6th tallest tree in the world, and
the tallest tropical rain forest tree

Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

17.11.2025
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Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

Tropics are especially rich in ecological interactions (including predation, competition,

parasitism)

Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

Tropics are especially rich in ecological interactions (including predation, competition,

parasitism)

Tropics are especially rich in arms race/the Red Queen co-evolutionary mechanisms

Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

Tropics are especially rich in ecological interactions (including predation, competition,
parasitism)
Tropics are especially rich in arms race/the Red Queen co-evolutionary mechanisms

Intense host-parasite interactions in tropics favour sexual modes of reproduction

Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

Tropics are especially rich in ecological interactions (including predation, competition,
parasitism)

Tropics are especially rich in arms race/the Red Queen co-evolutionary mechanisms
Intense host-parasite interactions in tropics favour sexual modes of reproduction

High mortality pressure in tropics favours maturation at smaller body size
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Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

Tropics are especially rich in ecological interactions (including predation, competition,
parasitism)

Tropics are especially rich in arms race/the Red Queen co-evolutionary mechanisms

Intense host-parasite interactions in tropics favour sexual modes of reproduction

High mortality pressure in tropics favours maturation at smaller body size

Non-seasonal tropics favour life strategies characterised by determinate growth and income

breeding

Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

* Tropics are especially rich in ecological interactions (including predation, competition,
parasitism)

 Tropics are especially rich in arms race/the Red Queen co-evolutionary mechanisms

* Intense host-parasite interactions in tropics favour sexual modes of reproduction

* High mortality pressure in tropics favours maturation at smaller body size

* Non-seasonal tropics favour life strategies characterised by determinate growth and income
breeding

* But, tropics are rarely fully non-seasonal — seasonal pulses in rain intensity

Living things are life strategies with dynamic life cycles that undergo
evolution: summing up remarks

Tropics are especially rich in ecological interactions (including predation, competition,
parasitism)

Tropics are especially rich in arms race/the Red Queen co-evolutionary mechanisms

Intense host-parasite interactions in tropics favour sexual modes of reproduction

High mortality pressure in tropics favours maturation at smaller body size

Non-seasonal tropics favour life strategies characterised by determinate growth and income
breeding

But, tropics are rarely fully non-seasonal — seasonal pulses in rain intensity

Diverse ecological niches in tropics, e.g. differing in mortality pressure, select for contrasting
life strategies — not everybody will be ,as large as physiological limits allow”. So, there is a
lot of room for contrasting life history strategies, with either fast maturation at smaller body

size, or with slow maturation at larger body size

Tropical rain forest: examples of distinct life strategies

Discontinuous flowering,
500 | " Rainfall-Kepong or even mass-flowering and masting
o7 nd ! n ! ”
ol | I ; : (but why?)
£ 300HL!
E 200
100 - R
0 Seasonality in precipitation
(here South-East Asia)
a0 Leaf flushing-Kepong (No data for July 1973)

drives leaf growth and flowering of trees

En“ﬁn:‘n. ﬂﬂiﬁﬁﬂﬂ
LU LAV

=)

No. of trees
IS
&
e
1]

40~ Flowering-Kepong

30f
20+

I

1973 1974

No. of trees:

1#"1#;.‘&_

a
1975 | 1976 i 1977 i mean

Fig. 3.40. Leaf flushing and flowering of dipterocarps,
and rainfall. Kepong, Malaya. (After Ng, 1984,
fig. 12.)
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In Bornean dipterocarp tropical forest:
mass-flowering and masting is triggered by El Nifo events

THE EL NINO PHENOMENON

NORMAL 7 - e
YEAR 6
Equatorial
winds gather
warm water pool
toward the west.
Cold water
abong South
American
coast.
Wy
EL NINO Warmar

YEAR

Discontinuous flowering, or even mass-flowering and masting
(but why?)

Capacity to attract attention of pollinators (sensory stimulation)
Pollinators look for cheap food sources (energy expenditure)

P
N/

Synchronization of flowering with others in the forest
mass-flowering increases pollination success and decreases seed
predation: a case example from Malaysia

Plant Species Biology (2009) 24, 104-108 doi: 10.1111/].1442-1984.2009.00243.x

NOTES AND COMMENTS

How does flowering magnitude affect seed survival in
Shorea pilosa (Dipterocarpaceae) at the predispersal stage
in Malaysia?

YUJI TOKUMOTO,* MICHINARI MATSUSHITA,* ICHIRO TAMAKI,* SHOKO SAKAIt and

MICHIKO NAKAGAWA*

*Graduate School of Bioagricultural Sciences, Nagoya University, E1-1 (300), Chikusa, Nagoya 464-8601, Japan and Research
Institute for Humanity and Nature, Motoyama, Kamiganio, Kyoto 603-8047, Japan
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Tropical rain forest: examples of distinct life strategies

Mass-flowering can even lead to death —semelparous life strategy
(monocarpy) with a single reproduction act followed by death. It occurs in
many monocotyledonous tropical plants (why?)

Bamboos are long lived monocarps that mass-flower synchronously over long
time intervals (record 130 years!!!)

Estimated fowerg interval tyean,
45 60 105 120 1S

nytrmanthera ot vrws
Thyrontachys olvers

Schizoatochyum duliood

Merostochys multnames

Meroatixchys clwsiend
CGusrduarse

Gunadhaa trne

Chunauea abeticho
\, Chusquea remosissima
\ Chunauen tenefl

Sarocakamu racemosin
Drepono fakatum
Drepxnes intermendum
Himakrys: fokonen
PhoyBostn s are
Pyl bombunoudes
PhyBostix s twea ¥ heer
Phesobiastun wrmone
Trbe Aundinariese  Thamna spathiions

Buerguriion hlowse

Ecology Letters, (2015) 18: 653-659
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Bamboos are long lived monocarps that mass-flower synchronously over long
time intervals (record 130 years!!!)

* Seed production incerases with the size of a mother plant
* More flowers better pollination success
 Satiating predators with excess food (seeds)

* Escaping predator reproductive cycles

Flooding area with offspring and mass dying of bamboos
mass-flowering synchronously over long time intervals

wind-pollination

seed predators (rodents) larger bamboo more seeds

pollination
satiating predators ffici d producti of
seed production
increased mass flowering flowering at older age
reproductive effort (synchrony)

escaping predator
reproductive cycles

fewer resources time lags between
to survive flowering events

Bamboo seeds.

Flooding area with offspring and mass dying of bamboos
mass-flowering synchronously over long time intervals

wind-pollination

seed predators (rodents) larger bamboo more seeds

pollination §
P o
= seed production
increased mass flowering flowering at older age
reproductive effort (synchrony)

escaping predator
reproductive cycles

fewer resources time lags between

s Y
v+ Bamboo Seeds.

to survive flowering events
. o If all bamboo plants in a population evolved
° ° . to flower every e.g. 10 years, a mutation that
° ° ° . . cause flowering every 20 or 40 years will be
® o o o o o 0 o o oy profitable because an older bamboo is larger
| [ I | .
0 10 20 30 40 50 60 70 80 and more fertile

Theoretical approaches to the evolution of semelparity

When adult mortality is high, selection does not favour securing
resources for a future reproduction that is unlikely to happen

Low external mortality High external mortality
Iteroparity Semelparity
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Theoretical approaches to the evolution of semelparity

When offspring mortality is stable through time and predictable, selection
favours semelparity, because there is no need to spread the risk through time

Old English proverb

“Don't put

%, @ all your eggs
®  in one basket"

External mortality variable & unpredictable External mortality stable & predictable
Iteroparity Semelparity

Theoretical approaches to the evolution of semelparity

When fitness benefits disproportionately increase with reproductive investment

e.g., one large flower attracts much more pollinators than fewer smaller flowers

y y Y ¥

A= A N = =\

Enigmatic strategies of sympatric lobelias from the alpine zone
of Mt. Kenya, East-Central Africa

Lobelia telekii - semelparous Lobelia deckenii- iteroparous

Furcifer labordi — a semelparous annual
chameleon from the tropical forest in
Madagascar

* rapidly-growing
* high mortality rates
* highly seasonal rainfall and temperature

17.11.2025
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I uvenite growth

Courtship
Egg laying

I senescence

Mean monthly prec

40

0

Furcifer labordi — a semelparous annual
chameleon from the tropical forest in
Madagascar

* rapidly-growing
* high mortality rates
* highly seasonal rainfall and temperature
. VEITUCOSUS
l —I 30

Aestivation

Population-wide
adult death

Eggs in 2
Synchronous diapause/torpor
hatching A

F 20

F. labordi

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month

Mean monthly temperature (°C)

Take home thoughts

These two examples of semelparity and their alternative
counterparts indicate that often there are multiple different
solutions for achieving the same ,,evolutionary goal” -
maximization of Darwinian fitness

This explains why life is so diverse

Think like this

v’ tropics are especially rich in ecological niches & interactions

v’ for each niche, there is a wide range of alternative adaptive life
history solutions, resulting in the same Darwinian fitness

v this leads to a snow-ball effect: diversity generates diversity

17.11.2025

20



