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Sistemas complexos:

Sistema complexo: € composto de varias partes que interagem
e se auto organizam, gerando novas qualidades no todo.
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Sistemas complexos:

“O todo nao é = soma das partes!”
U

Suas propriedades nédo sédo decorréncia direta dos éenmmentos

constituintes isoladamente, portanto, nao sado totalmente explicadas pelas
propriedades das partes que o compoem.

Para entender um sistema complexo € necessario conhecer suas partes e as

relacbes entre elas, pois sao essas relagcdes que geram consequéncias nao-
diretas e propriedades emergentes.



“Ecossistemas sao exemplos de sistemas complexos e
adaptativos, nos gquais padrbées em niveis mais elevados

emergem de interacOes localizadas e processos de selecao que
atuam em niveis inferiores.

Um aspecto essencial de tais sistemas € a nao-linearidade,
levando a dependéncia historica e varios resultados sao
possiveis a partir dessa dinamica.”



emas sao exemplos de sistemas complexos e

IVOS, nos quais padrdes em niveis mais elevados
emefgem de interacOes localizadas e processos de selecao que
atuam em niveis inferiores.

Um aspecto essencial de tais sistemas e a nao-linearidade,
leviindo a dependéncia historica e varios resultados sao
pos\\iveis a partir dessa dinamica.”

partes + relactes = propriedades
(subsistemas) ¢ ~ emergentes
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ciclagem, equilibrio,

0 io fisico + Interacoes = ~
populacoes/ meio fisico ¢ auto regulacio




“Ecossistemas sao exemplos de sistemas complexos e
adaptativos, nos g adr(”)es em niveis mais eIevados

Um aspecto essegncial de tais sistemas € a nao-linearidade,
levando a dependéncia historica e varios resultados sao
possiveis a partir g essa dinamica.”

Clima, fisiologia organica,
inteligéncia artificial,
evolucao biologica



Auto regulacao

@Feor]a de Gala

« Gala ou Gea (mitologia grega) = deusa da Terra,
ou Mae-Terra, dotada de imenso potencial
gerador. Gaia gera sozinha Urano (céu), Ponto

(mar) e Oreas (montanhas).




lleena Gala

« Teoria (ou Hipotese) de Gaia - proposta a
partir de estudos da composi¢céo quimica da
atmosfera terrestre

James Lovelock

‘O planeta Terra € um e possul capacidade de
, OU Seja é capaz de gerar, manter e alterar suas
condicdoes ambientais.

auto-sustentacao
——> retro-alimentacgao
auto-regulacao

seres VIivos X
meio fisico
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feedback

aute-sustentacao

Locally interacting heterogeneous components




Gala

- Partes ou elementos - diversidade sustentada c/ individualidade
dos componentes

- mecanismos de feedback em #s escalas

- - - Interacoes entre componentes
- Relagbes nao-lineares

- processos autonomos de selecao e
crescimento

- auto-organizacao em cada nivel

- Propriedades emergentes - adaptacao continua
- auséncia de um controlador global

- geracao perpeétua de inovacoes

GAIA é um sistema complexo adaptativo



Daisyworld = modelo




Daisyworld

aquece
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Filme Daisyworld

https://www.youtube.com/watch?v=vvUpwlOGJ1M
(traduzido — parte)

https://www.youtube.com/watch?v=XVB2VNXRuHM
(nao traduzido — completo — ver a partir de 4:15 min)



https://www.youtube.com/watch?v=vvUpwIOGJ1M
https://www.youtube.com/watch?v=vvUpwIOGJ1M
https://www.youtube.com/watch?v=XVB2VNxRuHM
https://www.youtube.com/watch?v=XVB2VNxRuHM

Pergunta:

Qual e o conceito fundamental que rege a Teoria Gaia?

auto-sustentacao

P seres vivos X
retro-alimentacao meio fisico
auto-regulacao



Pergunta:

Qual e o conceito fundamental que rege a Teoria Gaia?

auto-sustentacao

P seres vivos X
retro-alimentacao meio fisico
auto-regulacao

Cite uma contribuicao efetiva dessa teoria.

EQUILIBRIO/ HOMEOSTASE

ciclagem de nutrientes

mudancas climaticas

ecologia de comunidades ETC.
manejo de ecossistemas



FURCIORAMERIer da nattikeza:

I
BIOTIC COMPONENTS

- Consumers
— herbivores
— carnivores

ja\_
:\

Heat energy
released at
each stage




ecosystems socio-economic systems
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Processos ecoldgicos = interacoes entre plantas, animais e os componentes
nao vivos do ambiente. Sao cruciais para manter ecossistemas saudaveis e a
persisténcia da biodiversidade (= funcgoes).

= processos ecologicos naturais: ex.: producao primaria, decomposicao,
polinizacao, dispersao, etc.

= funcgoes: ciclagem (agua, nutrientes), fluxo de energia, manutencao de
populacoes, equilibrios, etc.

BIODIVERSIDADE



BIODIVERSIDADE

Biodiversity and the productivity

and stability of ecosystems

Kris H. Johnson, Kristiina A. Vogt, Heidi J. Clark,
Oswald J. Schmitz and Daniel J. Vogt

TREE 1996
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Figure 1.6 Four hypotheses (a—d) for the functional role of
species diversity in ecosystems. (After Johnson et al., 1996.)




Exemplos de regulacac dada pela

piediversidade/ rigueza:
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Riqueza X suscetibilidade a invaséo bioldgica,
em campos temperados (Knops et al. 1999).

Riqueza X severidade de doencas em

plantas, em campos temperados
(Knops et al. 1999).
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Plant species richness before drought apos a seca (Cain et al. 2014).




EXxperimentos (ex.: David Tilman - Cedar
Creek, John Lawton - ECOTRON)

147 parcelas de campos com
diferentes composicoes e
diversidades - espécies residentes
inibem o estabelecimento e
crescimento de espécies com
padrdes de uso de recursos
similares e o sucesso dos
invasores diminui a medida que a
diversidade aumenta.

total plant cover (percent)

e
by
=)
4
=)
£
E
@
S
N
<)
£
=
s}
<l
=
o
[}
o
@
]
T
4
=
c

10 15 20
species richness

ECOTRON- comunidades
multitréficas contendo plantas,
herbivoros, decompositores e
parasitoides - equilibrio mantido
em comunidades com maior riqueza

e guildas.
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Figure 1.6 Four hypotheses (a—d) for the functional role of
species diversity in ecosystems. (After Johnson et al., 1996.)




Ent&o, o que acontece se perder espécies?



Species Diversity, Species Extinction, and Ecosystem Function || Owen L. Petchey”

VOL. 155, NO. 5 THE AMERICAN NATURALIST MAY 2000

{i) Extinction
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Species Diversity, Species Extinction, and Ecosystem Function

=
Owen L. P‘Et‘:he}' VOL. 155, NO. 5 THE AMERICAN MATURALIST MAY 2000
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Efeito de extinCOEeS NOS ecoss. =y depende da complementariedade
N0 USO de recurses

Ecosystem function
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Does biodiversity determine ecosystem
function? The Ecotron experiment reconsidered




The first group will control the
main ecosystem functions, such as productivity,
Does biodiversity determine ecosystem decomposition and nutrient uptake and storage,

function? The Ecotron experiment reconsidered while the second will normally have very little

impact on these functions. The third group, however,
may have more subtle impacts; for example, they
may provide a ;m-ull of additional species that could
increase in the event of habitat change

species have different m‘l do

not play totally interchangeable roles in COSYSE

Potential for dominance

Fig. 4. A suggested classification of species in terms of potential dominance and
achieved biomass within species-rich vegetation.




» Diversidade funcionail:;

— Incorpora =\ ios das espécies que as distinguem nas
suas difer/ Ates funcoes

tipos funcionais/ grupos funcionais




e Diversidade funcional:

tipos funcionais/ grupos funcionais

Processos
ecossistemicos
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Perturbacao num sistema complexo:




Perturbacao num sistema complexo:




Extincao = processo natural — cada espécie
tem um tempo de vida finito (em meédia 2-5
milhoes de anos)



EStimativa do numero atual de especies

How many species on Earth? About 8.7 million, new estimate says
August 24, 2011  Science News

About 8.7 million (+-1.3 million) is the new, estimated total number of eukaryotic
species on Earth - the most precise calculation ever offered - with 6.5 million
species on land and 2.2 million in oceans... The number of species on Earth had
been estimated previously at 3 million to 100 million. It means that a staggering
86% of land species and 91% of marine species remain undiscovered.

e Predicted
e Described / Catalogued

Number of described groups




Perfodo M"g:ﬁz de

Quatemnério - 0.01 e

Répteis (dinossauros) e

Tercirio muitas spp marinhas

EXTINGAO

359% das familias animais

, (> répteis e moluscos
Jurassico exrncic Marinhos)

Cretaceo

ARtasien : exmvcac 50% das familias animais

Permiano (95% spp marinhas, arvores
anfibios e todos os trilobitas

Carboniferg
A e - -
FTNG 30% das familias animais

Devoniano (> peixes e trilobitas)
Siluriano

Ordovicianc
exrng 50% das familias animais

Comiie (> trilobitas)

(Fonie: Primack, 1993)

96-98% de todas as espécies que ja existiram
estao hoje extintas!




Entramos num 6° evento de extringdes em massa

52 | NATURE | VOL 471 | 3 MARCH 2011

Has the Earth’s sixth mass extinction

already arrived?

Anthony D. Barnosky"*?, Nicholas Matzke Susumu Tomiya“**, Guinevere O. U. Tu‘.ﬁtrgan” Brian Swartz"*, Tiago B. l:}u«\ﬂ;ntal1 2t
Charles Marshall"2, Jenm,rL McGuire'>*#, Emily L. Lindsey"?, LalthnC Maguire'“, Ben Mersey"* & Elizabeth A. Ferrer'**

Palaeontologists characterize mass extinctions as times when the Earth loses more than three ters of its species in a
geologically short interval, as has happened only five times in the past 540 million years orso. Biologists now suggest that a
sixth mass extinction may be under way, given the known species losses over the past few centuries and millennia. Here
we review how differences between fossil and modern data and the addition of recently available palaeontological
information influence our understanding of the current extinction crisis. Our results confirm that current extinction
rates are higher than would be expected from the fossil record, highlighting the need for effective conservation measures.




Biological annihilation via the ongoing sixth mass
extinction signaled by vertebrate population
losses and declines PNAS | Published online July 10, 2017

Gerardo Ceballos®?, Paul R. Ehrlich®™', and Rodolfo Dirzo®

..Earth’s sixth mass extinction is more severe than perceived when looking exclusively at species extinctions. That conclusion is
based on analyses of ... 27,600 vertebrate species, and ...detailed analysis documenting the population extinctions between 1900
and 2015... The rate of population loss in terrestrial vertebrates is extremely high—even in “species of low concern.”...
Earth is experiencing a huge episode of population declines and extirpations, which will have negative cascading conseguences
on ecosystem functioning and services vital to sustaining civilization.
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IUCN Redlist of Threatened Species Extinct (EX)
Extinct in the Wild {(EW)

https://www.iucnredlist.org/ Thrsatened categorias

-

Extinchion
risk

Evaluated

Data Deficient (DD)

Mot Evaluated (NE)

More than 28,000 species
are threatened with extinction

That is 27% of all assessed species.

feedback

AMPHIBIANS MAMMALS CONIFERS BIRDS g:?SRKS & REEF CORALS 2E!bES?I'LE}DEANS
0, [¢) 0, e) 0,
40% 25% 34% 14% 30% 33% 27%

Help us make The IUCN Red List a more complete barometer of life.


https://www.iucnredlist.org/
https://www.iucnredlist.org/
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Data source: Scott, J.M. 2008. Threats to Biological Diversity: Global, Continental, Local. U.S. Geological Survey,
Idaho Cooperative Fish and Wildlife, Research Unit, University Of Idaho.




Summary for policymakers of the global assessment report on biodiversity and ecosystem
services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services VERSION 6 May 2019

EXAMPLES OF DECLINES IN NATURE

ECOSYSTEM EXTENT AND CONDITION

47% B Natural ecosystems have declined by
47 per cent on average, relative to their
earliest estimated states.

DRIVERS

. INDIRECT DRIVERS
DIRECT DRIVERS » Py
Demographic - 4 SPECIES EXTINCTION RISK

and ;
o N1 Approximately 25 per cent of species are
socioculturni T €% already threatened with extinction in
— : most animal and plant groups studied.,

Economic )
and | wh ' \ ECOLOGICAL COMMUNITIES
technological 230, ™ Biotic integnty —the abundance of naturally-
present species —has declined by 23 per

Institutions cent on average in terrestrial communities.”

and
GoVemance BIOMASS AND SPECIES ABUNDANCE
The global biomass of wild mammals has
: ; 82% M fallen by 82 per cent.* Indicators of
Conflicts : y 40 \ BO 80 100 vertebrate abundance have declined
and rapudly since 1970

epidemics Ml Land/sea use change
B Direct exploitation NATURE FOR INDIGENOUS PEOPLES
B Ciimate change AND LOCAL COMMUNITIES

S Pollution A

B |nvasive alien species " 72% B 72 per cent of indicators developed by

BN Others | indigenous peoples and local communities
{ show ongoing deterioration of elements

of nature important to them

* Since prehistory

Marine
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Figure 2. Examples of global declines i nature, emphasizing declines in biodiversity, that have been and are
being caused by direct and indirect drivers of change. The direct dnivers (land/sea use change; direct exploitation
of organisms; climate change: pollution; and invasive alien species)’ result from an array of underlying societal
causes®. These causes can be demographic (e.g. human population dynamics), sociocultural (e.g. consumption
patterns), economuc (e.g. trade), technological or relating to mstitutions, governance, conflicts and epidemics;
these are called indirect drivers’, and are underpinned by societal values and behaviors.




Anthropocene:

The Human Epoc
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Defining the Anthropocene

Simon L. Lewis™” & Mark A. Maslin'

Table 1 | Potential start dates for a formal Anthropocene Epoch

Nature 2015

to accurately dates

Ewvent Date Geographical axtent Primary stratigraphic marker Potential GS5F dates Potential aumiliary stratotypes
Megafauna extinction  50,000-1 0,000 yr ap Mear-global Fossil megafauna Mane, diachronous Charcoal in lacustrine deposits
over —-40,000 yr

Origin of farming ~11,000 yr gp Southwest Asia, Fossil pollenor Mone, diachronous Fossil crop pollen, phytaliths,
becaming global phytaliths aver -5 000 yr chamaal

Extensive farming ~B000yr grto present Eurasian event, COzinflection in MNane, inflection too Fassil crop pollen, phytoliths,
glabal impact glackrice diff use charcoal, ceramic minerals

Rice proaduction 6,500 yrer to presant Southeast Asian CH, inflection 500 yrep CH, Stone aves, fossil domesticated
event, global impact inglacier ice i nirma rurninant remains

Anthropoge nic solls -~ 3,000-500 yrap Local event, local Dark high organic MNane, diachronous, Fassil crop pollen
impact, but widespread  matter soil et wee ll prrese rved

Mew—0ld World 14921800 Eurasian—Americas Low pointof CO, 1610 CO; minirma Fossil pollen, phytoliths, charcoal,

collig event, global impact in glacier ice CHa, speleothem 820, tephrat

@ Revalution 1760 m@ Marthwest Europe Fly ash from coal - 1900 { ref. 94); 14415 ratio and diatormn

event, local irmpeact, burning diachronous over carmposition in lake sediments
becoming global ~-200 yr

Muckear weapan 1945 to present Local events, Radionuclides (1) 1964 190 peaks 280py: 299py ratio, compounds

detonation glabal impact intree-rings fram cerment, plastic, kad and

other metals
Persistent industrial -- 1950 to presant Local ewents, For exarmple, SF; peak  Peaks often very Compounds from cemaent, plastic,
chemicals global impact in glacier ice recent so difficult lead and other rmetals
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Accelerated modern human-induced species
losses: Entering the sixth mass extinction

Gerardo Ceballos,”* Paul R. Ehrdich,? Anthony D. Barosky,? Andrés Garcia,?
Robert M. Pringle,® Todd M. Palmer® Sci. Adv, 2015:1:01400253 19 June 2015

Mammals

Y,

Vertebrates

Other vertebrates

Background

1500-1600 1600-1700 1700-1800 1800-1900  1900-2010
Time interval




Expected vs. observed numbers of extinctions since 1900
Expected - ‘
Observed t\\ *
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SOURCE: ACCELERATED MODERN HUMAN-INDUCED SPECIES LOSSES: ENTERING THE SIXTH MASS EXTINCTION HELEN CHEN / DAILY CAL STAFF



Accelerated modern human-induced species
losses: Entering the sixth mass extinction

Gerardo Ceballos,”* Paul R. Ehrdich,? Anthony D. Barosky,? Andrés Garcia,?
Robert M. Pringle,® Todd M. Palmer® Sci. Adv, 2015:1:01400253 19 June 2015
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Tabela 3.2. Porcentagem de espécies da fauna e da flora consideradas ameamdas de extincao no

Brasil, de aoordo com as categorias.

- .’@Jf : : Categoria de Ameaca
Plataforma Brasileira sobre Biodiversidade £m Perigo [ENI 5 B
-~ e Servigos Ecossistémicos (BPBES): Criticamente em Perigo [CR) I 27%
- Pes_qunsadores brasileiros elapo~ram o primeiro dlaqr]ostlco Velneravel VU] pv— =
nacional para acelerar a transigao para a sustentabilidade
1400 14000
- g Eopicins em extincio
E_ 1200 Espécies avaliadas 17000 5
- a3
E 1000 ‘__;( 10000 ;
- 1
2 mm mog 2
F 2
2 o s000 E
; 00 anon E
3 =
200 2000
0 ]
158B19T  1REF MO 4
Ano de publicacio das listas de espdcies
o 00 g Ecpécies em extincio 5000
. Espécies avabadas i
- Eapédiss amcagadas no Noma ; — e E
; -
4 g
I Espéoos endémicas ameagadas noBioma ﬁ_ 1200 a0 E.
E 1000 2000 E
- £
L Z
ms e W =00 1000
o @ C Coadfh
Dabum Siepas 2090 ; .
1REE 973 1980 199z DB 14
Amo de pUblicacso das listas de espdcies
Figura 3.35. Nimero de espécies da fauna brasileira ameacadas de extincao em cada bioma e nume-
ro de espécies endémicas ameacadas (66% das espécies ameacadas na Amazdnia sdo endémicas;
33% na Caatinga, 40% no Cerrado; 71% na Mata Atlantica; 45% no Pampa; 3% no Pantanal e 20% Figura 3.34. Pancrama temporal das listes de espécies da flora e da fauna do Brasil ameacdas de
das espécies ameacadas no Bioma Marinho também s3o endémicas). 0 ndmero total de espécies extingio em relacio 30 ano de publicacsa, mdmerw de espécies incluias (linha] « avaliadas em cada

lizta [barras]. Embora o mimern de espécies avaliadas da flora seja elevado, este corresponde ape-
nas aproximadamente a 10% do total da rigueza brasileira [I[CMBio 2018; Martinelli & Morzes 7013,

ameacadas por bioma extrapola as 1.173 espécies consideradas ameacadas devido a sobreposicao
daguelas espécies que n3o sdo endémicas e por isso ocorrem em mais de um bioma (ICMBio 2016) Machado et al, 2000).
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Box 4.2.1: The main interrelations and feedbacks berween hierarchical levels thar are
important for the future of biodiversity

Direct drivers of global change affect all levels of biodiversity, either directly (coloured
arrows) or indirectly through feedbacks (grey arrows). Even one-way interactions are
important for biodiversity response, while self-reinforeing feedbacks can potentially
significantly increase expected negative effects of global change drivers (for details. see
Appendix 2).

Effects of changes in genetic and phenotypic diversity

GD1 — adaptation of populations to new conditions through standing genetic and phenotypic
variations

GD2 — adaptation of populations due to phenotypic plasticity

GD3 — adaptive evolution, "evolutionary rescue” of populations and species

Effects of changes in functioning, population size and range of individual species

S1 — changes in local species composition due to alteration of species range (shift. change in
area. fragmentation)

S2 — changes in local species composition due to local species extinetions and alteration of
species abundance and functioning (including changes in phenology)

S3 — changes in ecosystem structure and functioning due to changes in key species
abundance and functioning

S4 — changes in genetic diversity due to changes in population size

S5 — changes in genetic diversity due of alteration in species range (shift. change in area,
fragmentation) and dispersal ability

Effects of changes in local species diversity, species composition and interspecific
relations

SD1 — weakening and destabilization of ecosystem functioning due to loss of local species
diversity

SD?2 — biotic homogenization as a result of species shift, local species extinctions and
invasions

SD3 — changes in selection pressure because of alteration of species composition and
interspeeific relations (including effects of alien species invasions)

SD4 — species extinctions as a result of cascading effects of alteration of species
composition

SDS5 — impact of alteration of species composition on species capacity to track climate
change

Effects of changes in structure and functioning of ecosystems

E1 — the contribution of individual ecosystems to the total landscape/seascape ecosystem
functioning

E2 — disappearance of the most vulnerable ecosystems in landscapes/seascapes and regions

E3 —reduction of species population size. reduction and fragmentation of species’ ranges
and disruption of population structure because of habitat loss and fragmentation

Effects of changes in diversity of ecosystems, heterogeneity of landscapes and seascapes

ED1 — weakening and destabilization of the total landscape/seascape functioning because of
loss of ecosystem/habitat diversity

ED2 — influence of landscape heterogeneity on local species persistence

ED3 — influence of landscape heterogeneity on genetic diversity and evolution
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fllmes:

http://www.ted.com/talks/stewart brand the dawn of de extinction ar
e you ready.html (1824")

https://www.youtube.com/watch?v=Pkc WodJxsk (5°40’")
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