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Da li gresimo kada nastanjivost

posmatramo pasivno?

——

* Fizicki, hemijski, itd. preduslovi nastanjivosti... — sve je
abioticko!

+ Da li sam Zivot pomera (prostorne i/ili vremenske) granice
CNZ2

# Klju€na razlika izmedu praznih i nastanjenih habitata!

* Povratna sprega [ samo-interakcija



DZejms Lavlok (1919-)

+ Ekolog, filozof, ...
* ,,Gaja hipoteza“

* Slaba verzija: celina kompleksnosti

* Jaka verzija: Gaja je super-organizam!
* Podrska Lin Margulis

# Inspirisao rad na CFCi ozonu (Crutzen,
Molina, Rowland inspirisani njegovim
radom).

* ,,D02050. Sahara e se protezati na
sever do Pariza. Ni gram hrane nece se
modi uzgajati u Evropi.”“ (Lovelock,
2006)

* ,,Samo nuklearna energija moze
spreciti dalje globalno zagrevanje.*
(Lovelock 2004)




Bellis perennis

Lovelock & Watson (1983)

* |storijat publikacija zanimljiv... Retko izvinjenje Dzona
Medoksa.

* Zamislimo planetu identi¢nu Zemlji...
* Bela rada, tratincica,

« (detalji irelevantni, kao u svakom misaonom
eksperimentu!)

# Jedna od prvih kvantitativnih analiza globalne ekologije...
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Biological homeostasis of the global environment:
the parable of Daisyworld

By ANDREW J. WATSON, Marine Biological Association, The Laboratory, Citadel Hill, Plymouth
PL1 2PB, England and JAMES E. LOVELOCK, Coombe Mill, St. Giles on the Heath, Launceston,
Cornwall PL15 9RY, England

(Manuscript received October 20, 1982; in final form February 14, 1983)

ABSTRACT

The biota have effected profound changes on the environment of the surface of the earth. At the
same time, that environment has imposed constraints on the biota, so that life and the
environment may be considered as two parts of a coupled system. Unfortunately, the system is
too complex and too little known for us to mode! it adequately. To investigate the properties
which this close-coupling might confer on the system, we chose to develop a model of an
imaginary planet having a very simple biosphere. It consisted of just two species of daisy of
different colours and was first described by Lovelock (1982). The growth rate of the daisies
depends on only one environmental variable, temperature, which the daisies in turn modify
because they absorb different amounts of radiation. Regardless of the details of the interaction,
the effect of the daisies is to stabilize the temperature. The result arises because of the peaked
shape of the growth-temperature curve and is independent of the mechanics by which the biota
are assumed to modify the temperature. We sketch out the elements of a biological feedback
system which might help regulate the temperature of the earth.

1. Introduction have chosen to study an artificial world, having a
very simple biota which is specifically designed to

On earth, modification of the environment by display the characteristic in which we are
living things is apparent on any scale that one cares  interested—namely, close-coupling of the biota and
to look at, up to and including the global scale. In  the global environment. By simplifying our bio-




Aproksimacije, aproksimacije...

Pretpostavljamo da je planeta
ravnaili bar cilindri¢na!

* Zanemarujemo atmosferu i njen
efekat staklene baste.

* Zanemarujemo kretanje
kontinenata i posledicne
abioticke promene albeda.

* Zanemarujemo ostatak flore i
faune!

« Koristimo jednostavan model

rasta. 'A!;V "’v




Daisyworld
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Osnovni parametri modela

\

a,, = povrsina pod belim krasuljcima ——
o, = povrsina pod crnim krasuljcima

X =,,prazna‘“ povrsina

B = stopa radanja (lokalna, krasuljaka cm? s™)

y = stopa smrtnosti (globalna, krasuljaka s™)

T.« = efektivna temperatura (globalna)

T,k = lokalna temperatura na nekom delu povrsine

T ot = optimalna temperatura za jednu ili drugu vrstu

krasuljaka
* = parametar koji opisuje prenos toplote

* % %X X X X * X



Osnovne jednacine

o

daw/dt = op(ogB(Th) - 7v)

da/dt=a(ogB(Tw) - v)
o(T+273) = SL(1-A)
A = (ngg + apAp + AW

Tb4 =T" + d(A-Ap) TW4 =T"+ d(A-Aw)



Od Sun Cua do Lanchestera...
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Ukupni klimatski
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Dve ili vise vrsta krasuljaka...
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Fig. 2. Steady state responses of daisyworld with eq.

(8). (a) Areas of black and white daisies; (b) Effective

temperature T.,.
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Fig. 1. Steady-state behavior of daisyworld. (a) Areas
of four species, where A4,, 4,, A;, and A, are 0.2, 0.4,
0.6, and 0.8; (b) Effective temperatures for one to four
species: for four species, albedos are as given above; for
three species, 4,, A,, and A4; are 0.1, 0.4, and 0.7; for
two species, A; =0.75 and A, =0.25; for one species,
A;=0.250r A, =0.75.
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Koris¢enje novih metoda: Celijski

automati
\
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Primer prostorne konsolidacije

+ Kriti¢ni prag za Sirenje = 6 —

k|| 5| => Podinje nova oblast krasuljaka

sf:[8| | => Nova oblast ne pocinje




Evolucija celijskog automata sa
luminoznoscu




——

* Dodavanje vrsta poboljsava regulaciju temperature!

* Kompleksniji sistemi imaju efikasniju povratnu spregu
— znacaj biodiverziteta, prvi numericki argument!

# Ovo se odnosi i na dodavanje faune (biljojeda)



Svet krasuljaka...

——

* ...demonstrira mo¢ misaonog eksperimenta u
astrobiologiji.

* ...pokazuje da se misaoni eksperimenti uspesno mogu
nadograditi numerickim!

* ...pokazuje da postoje globalni (ekoloski) mehanizmi
evolucije razliciti od lokalne prirodne selekcije.
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Consequences of inter-specific competition among multiple

adaptive species in Daisyworld

T. Pujol’, J. Fort', and V. Méndez’
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Susttsmary

We savestigaie the coasaynences of Durwisius seloction
In o daisymodel with uniform tomgerature, inkr-specine
ition ad saultiphe daisies. The ik o & dagh-
o omlpculmn NN!!'II spesies tham within them alions
for the coeristance of more Tas Tho spevies i oguilib-
st Thes, it is the fire time that 2 bigh toodiversity wirh
equal envirameni-ahenag wails o e same uuphh. level
na del 15 | emider ¥
Adigtaraon in the hu(u ocvars Urcagh matdions, Seading
10 chimges in the optimuom semporature in onder 1o achiove
the masunum goreth e ai te inGyided level. We
gy the planctary sessinvity de the variein of the
global sean wnperdure &ie oo 1% Gaege in ol
radiation) i a fecuon of the sireegth of e iner-specibc
copetition end of the sumber of different species that
grow i she model. We fied the following: 1) by tiveg the
pacameier that delioes the sineigth of the imer-spevilic
competition. the plimetary somsdnivity incresses 25 indi
versaly itatiecs, 1) by Aecping coastail Se number of
Ilmnm peews in oa ;I.xm. ™o mnmr; sensitiviey olso
FORe Sty e amy
case, homover, (Iv.‘ planctary seasitivity associned with
aalaptive daisies 7 much greater than ot obagined from
nim-adaperve species. Howeven, the rampe of meas solar
tadiation where Blots grows in the planet is substanlisily
lowper foe adepive species than for son adaprive oacs. T
reaslt vigpests that adepation of mulliple specics with the
same enviecamenial altering trams may noe imply & stong
regalition of the mesn plinclary lemperalure, which differs
wieh recent stadics thut analyse adapastion of siesgle species.

Similar results are obGinal by esing & comgrmined
Adapaation and poo Goilonmn emperane.

1. Introduction

The Gaia theory asserts that foedback mechsanisms
between the physical enviconment and e hio-
sphere Koep 1he plaset in habitable condstons
(e.g. Lovelock. 1989: Lenton, 1998). Several
“Gaian' provesses have been proposed lor the Eanh
system, such as the amplificatson of rock weath-
ering by fiving orgimisms (e.g. Sch und
Volk. 1989) aml the vanubon of cloud cover linked
1o the release of dimethyl sulfide by marine
plankton (e.g. Bates et al., 1987), The rgulatoey
ahility of the Earth system has been also invest-
gated by means of conceptual models that includ

stmplified coupling mechanisms between life and
the environment (e.g, Watson and Lovelock, 1983,
Svirezhev and von Blob, 19%:; Lemon, 199%),
Special ouention has been devoted to the moded
Daisyworld sipce. in its orginal version, it showed
avery cobust stabilisation of the planetary tempera-
ture due (o the effects of the biota (Watson and
Laowvelock, 1983), thereby provading o lucid illusira-
tan of the propositxons stoted by the Gala theory.
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Catastrophes on Daisyworld

David M. Wilkinson

Bongice wnd Lath Boicrom, Liverpne Satin Mosres Univins iy, Berarm Seest, Lo L3 34F° UK
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TELLUS

“Wet/dry Daisyworld™: a conceptual tool for quantifying
the spatial scaling of heterogeneous landscapes and its
impact on the subgrid variability of energy fluxes

Hy DENNIS D. BALDOCCH!'Y, THERESA

KREBS'S wat MONIQUE Y. LECLERCY,

Ecanstem Sclence INvisowit of B

! Scdence, Folley and Manapeswnt, 137 Mulford Hal.

Umiversuy of Calgonds, Berkelew. Rah\ln CA W20 USA:-

*Lab for Exviroawensal Physics, University of Georgha,

Griffin. GA N223 US4
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Chaos in daisyworld

By XUBIN ZENG', R. A. PIELKE' and R. EYKHOLT?, ' Departmens of Aimaspheric Scivnce,
Colorado State University, Forr Collins, Colprado 80523, USA, * Departmen of Physics,
Colorado State University, Forr Colling, Colorado 80523, USA

(Manuscript recerved 18 May 1989; m final form 8 November 1959)
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ABSTRACT

lnwlwtpmd-mp!.nfmedwum in which feedbacks from the biosphero

i A simple model, referred 10 a8 dassyworkd, was
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of dilferent cokes inlemet 50 & W in stable chmath ditkes. [n the current paper,
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controlling the feedback b biots and 1
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aons, And Ly These results show that stable dimatic conditaons are

not aways maintaised in m:ynuld. despite the preseace of daisies which sapply the
required feedback. While daisyworld is 2 simple model, the mathematical analysis of this
mode] raress questions aboul the vahidity of the Gaaa Bypothesss
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1. Introduction
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1. Introduction

It is mow widely sccepled that the Earth is a
single system which consists of the biota and

In the past few years, @ model, daisyworld,
which is an active system where the biota and the
environment are lightly coupled. was first de-
scnbod by l.ovdock (1982) and used to study the

their environmenl. These two ek of the
system are closely coupled: the buou regulate the
{e.g., <l on i § y scale)

and, in tum, the environment restricts the evol-
ution of the biota and dctates what type of hife
can exist a3 & conseguence of Durwinian natural
selection. Changes in one part will influence the

daisies of one or two species
and the lemperature of the environment (Watson
and Lovelock, 1983). These authors found that
1he inciusion of feedback from the environment,
regardiess of its direction, stabilized daisyworid,
and this was comsistent with the earfier Gain
hypothesss that the climste and the chemical

other. being opposed by pegative leedback or
enhanced by positive feedback, and this may lead
o oscillation or cheos in the systemn. Therefore, in
order tor chimate models to predict the conse-
quences of champes cawsed by human sclivites
(€5, the Increase of greenbouse gases), the blota
should be included In the model On the other
hand, the biota and the eavironment of the Earth
are 5o complex that this system, or even a single
nspect of feedback in i1, can not yet be
adequately described by simple mathematical
equations.

Tellus 426 (1990), 4

mposilion on the Earth bave been and are
maintamed at 3 steady state by the presence of
Tife aself (Lovelock and Margulis, 1974).

Though the feedback in daisyworld I much
simpler than that on the Earth, research on such
an imaginary planet may provide insight into the
properties of the Earths climate. Therefore,
further stodies are meeded. The purpose of thas
paper = to study the fctional world in more
detail, and, especially, to eval the chaoti
properties of this model. Both qualitative and
quantitative methods from modern chaos theary




| ima jos dosta posla...

-‘

* Modeli sa faznim prelazima pokazuju veliku raznovrsnost
ponasanja — ova resenja nisu ni priblizno klasifikovana!

* Dalje ekstenzije
« Efekti tektonike ploca?
« Efekti sekularnih promena male amplitude (Milankovicevi ciklusi)?
« Efekti velikih jednokratnih perturbacija (npr. snowball Earth)?

* Uspon masivne paralelizacije omogucava postizanje visoke

rezolucije — novi efekti se kriju u informaciji izgubljenoj
usrednjavanjem!



Druge povratne sprege: CLAW

hipoteza

Charlson, Lovelock,
Andreae & Warren
(1987)

Dvostruko povecanje
uloge fitoplanktona:

* fizioloski efekat
zagrevanja;

* Pojacana
fotosinteza.

DMS = dimetil sulfid =

(CH,),S

Sulfatni aerosoli...

Veoma znacajno za

savremene debate u
vezi geoinzenjeringa!

e

More cloud

condensation

nuclei

Elevated
SO,
concentration

Elevated
DMS
concentration

]

Enhanced
DMS

production

Enhanced:

droplet number
liquid water content
cloud area

CLAW hypothesis
Negative feedback loop

Enhanced




Zastrasujuci primer...




Povratna sprega uzrokuje ,,crne

labudove‘...

5,000

4,000

* ... pozitivne i negativne! 3,000
. HLTCcMm
+ Perturbacije genericki 2000 | ot
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# Odgovor na jednu vrstu 0P e F LS IIIBEELS

perturbacija izaziva drugu vrstu
perturbacija.

* Eksterna prinuda = veoma bitan
faktor u analizi stabilnosti.

+ Analiza sistema: nova i dinamic¢na
oblast nelinearne dinamike.
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* Bioticka povratna sprega igra ogromnu ulogu u
nastanjivosti...

+ Zivot menja sam koncept moguénosti za Zivot.

* Raznovrsnost je prijatelj nastanjivosti — a najvedu
raznovrsnost upravo ocekujemo u astrobioloskom
kontekstu!

# Tek smo na pocetku (eto prilika za rad mladih
astrobiologa)!



