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Sucessao climacica
CLIMAX de Clements
1916:

A sucessao dirige-se sempre
para um estado de
maturidade, estabilidade e
complexidade — equilibrio
climéacico, que descrevem
0S ecossistemas

. J}v" \..
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BIOMAS ACTUAIS

Ocorréncia rdativa de polen

14.000 12.000 10,000 8.000

Os biomas naturais correspondem a MiBares de s s

. . . FIG. 4.26 As camadas de sedimentos em lagos preservam a |
Cllmax sucessionails hiﬂ&hdmmdawmﬁahbmth\dmia.o:mw

do da um nicleo de sadimento do lago KisMohas Té, na Huagria,

Mas ao nivel de grandes escalas geologicas, 0s
climaxes também mudam



Temperate, mixed
| forest, chiefly

- Tundra, mountain

¥egetaton broadleaf
- Prarie (long grass Mediter_ranear? ;
with scattered trees) vegetation, chiefly
coniferous

Mediterrancan, chiofly
j Bereetioneet ol dry stoppao lypo

FIGURE 21.24 Assumed distribution of vogotation in Europo at the Wolchsol/Wurm maximum.
The Black Sea and the Caspian Soa aro Interconnoctod lakos. Noto the prodominance of tundra
vegetation, the patches of boroal forest, and the highly restrictod distribution of tomperata
dociduous forost, (Aftor Fline 1071,)
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Sucessao por
regeneracao

O ecossistema
€ um mosaico
de estados de

sucessao _
Bornam & Likens, 1979

NWZ BAYERISCHE AU (SPIRKENMOQR 730m}

sl

[[] Early succession M Late succession
Bl Mid succession [ ] Gap

FIGURE 21.15  Representation of a forested landscape as a
mosaic of patches in various stages of successional development.
Although each patch is continuously changing, the average
characteristics of the forest may remain relatively constant—in a
steady state.




A CONTROVERSIA DA TEORIA DA SUCESSAD)-

RECARPINMUIEANDO

«Cowles (1899) pioneiro no reconhecimento da sucessao

«Clements (1916) : teoria organismica: as comunidades ecologicas séo
superorganismos, com as especies mutuamente interagindo, globalmente
direccionadas e altruisticas, com um objectivo comum: sobrevivéncia e evolucéo.

«Seres (estados intermeédios instaveis) » Climax (estado final estavel)

Investigadores organismicos importantes: Egler (1952) e a hipotese da
composicao inicial determinante; Odum (1969) e o conceito de preditabilidade
da sucessao (e das propriedades comunitarias)

*Gleason (1917) As comunidades ecologicas sdo conjuntos de individuos
(taxocenoses) que respondem isoladamente as condi¢Ges ambientais de um dado
contexto de espaco e de tempo, podendo ou ndo ser mutuamente benéficas e
globalmente nao apresentando direccionalidade, nem estabilidade

*Borman & Likens (1979) e a teoria do mosaico dinamico estavel: as
diferentes fases da sucessao coexistem num ecossistema sob a forma de um
mosaico



Species’
abundances

Species’

abundances

a. The super-organism concept of succession.
preditabilidade

m T

Successional time
Borman

& Likens
b. The individualistic concept of succession. l

Successional time N&o preditabilidade




SUCESSAO o processo de alteracdo da B What is Ecological Succession?
composicao das comunidades com o

= Ecosystems are constantly changing.
Ecological succession is a gradual
process of change and replacement of
the types of species in a community.

® Each new community makes it harder
for the previous community to survive.

tempo apos perturbacoes naturais ou
antropicas

*Envolve as taxocenoses vegetais e animais
*E um processo dindmico, biologicamente interactivo
«Sempre associada a um contexto particular de espaco e tempo

Primaria (vulcanismo, glaciacéo...) ou secundaria (fogo, cortes, mortalidades,
deslizamentos, mineracao...)

Sucessao primaria é lenta e baseada na migracao ex situ
Sucessdo secundaria é rapida e baseada na migracao in situ
«Sucessodes sazonais (anuais, ciclicas, associadas a factores climaticos)

*Sucessoes catastroficas (plurianuais, ciclicas, associadas a factores biologicos,
climaticos ou perturbacdes)



SUCESSAO CICLICA

ANNUAL numa

comunidade de pradaria

FIGURE 21.14  Cyclic replacement
in an old-field community in
Michigan. The bare areas at the
bottom of the downgrade are invaded
by moss to start the upgrade series.
Mosses are invaded by Canada
bluegrass (Poa compressa) and
dock (Rumex acetosella). The
accumulated dead leaves of these
plants are covered by lichens that
crowd out the grass. Rain, frost, and
wind destroy the lichens to start the
cycle with bare ground again.
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SUCESSOES CICLICAS PLURIANUAIS
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SUCESSOES CICLICAS DETERMINADAS POR
PERTURBACOES PERIODICAS: o caso das cheias de inverno

Qak

commnites | 1EITESTrE Influéncia da perturbacao
Pl do regime de cheias nas
plantas riparias. Sistemas

> A 4
No‘ﬂo’odang

salgueiros 7| wees — instaveis tem fases de
recuperagéo R superiores

Soft eix

wood

)
wm

ao intervalo de recorréncia
J‘)J[ Tsmimemaﬁm das cheias D, ao contrario

Pioneer Erosion de sistemas estaveis. As
communities ,\ vsecimgnto comunidades pioneiras e

| . Recont de espécies riparias
colonjzacio | s & .

deposits

U A<D dominam em sistemas
R R, T instaveis e os carvalhais

dominam nas situacoes
_/L\_JL/L/I estaveis. P= persisténcia
L Time

META-ESTABILIDADE — manutencao das caracteristicas do ecossistema por
perturbacao (ciclica ou catastrofica) e regresso recorrente ao estado inicial

(@D)
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RECAPITULANDO

Newland  Scessao com

PRIMARY acondicionamento inicial
SUCCESSION

. Pioneer seral stage
Sucessao sem 1

acondicionamento inicial

SECONDARY
SUCCESSION

Seral stages

l

Subclimax seral stage

CHRONIC \
DISTURBANCES CATASTROPHIC

] DISTURBANCES
Disclimax stage Climax stage . .
»\/ Sucessao catastrofica
. NO MAJOR
Sucessao ciclica DISTURBANCE

Metaestabilidade gy cessio por regeneracio
Metaestabilidade



SUCESSOES ANIMAIS ASSOCIADAS

Short-tailed
shrew

Cottontail
rabbit

White-tailed
deer

Red f;@l

; &
squirrel ((ﬁ

White-footed
mouse

Meadow
mouse

green warbler
Nashville

Grasshopper
sparro

Grass | Low shrub High shrub Shrub-tree Opening Low tree High tree

MAS QUAIS SAO OS PROCESSOS ECOLOGICOS QUE
DETERMINAM ESTA SUCESSAO DE ESPECIES?




] Resource partitioning: particao de recursos
alimentares e habitacionais

Resource utilization

Big Hedgehog Diamond White Desert
galleta cactus cholla burrobush senna

(Hilaria (Echinocereus (Opuntia (Hymenociea (Cassia

(e) Resource gradient rigida) engelmannii) ramosissima) salsola) armata)
HGURE_ 14.9 Theoretical resource gradient utilized by three .10  Partitioning of the soil resource by a group of Mojave Desert plants. Root system
competing species, A, B, and C. (a) A is the only species occupying 1 is species-specific. Species such as Hilaria rigida and Echinocereus engelmannii are

the resource gradient. (b) Species B invades the resource gradient
and partially competes with A. (¢) In response to selective
pressures, both A and B narrow their range of resource use to
optimum, and C invades that portion used at less than an optimal
level. (d) C competes with both A and B on parts of the resource
gradient. (e) In response to selection pressure A, B, and C narrow
their range of resource use to optimum.

race rooters, able to take up moisture quickly during occasional rains. Opuntia and

=2 employ more spreading roots at various intermediate depths. Plants such as Cassia
zproots. Plants with the same root morphology are not near neighbors. (After Cody
387.)

@ Nicho ecologico: recursos alimentares ou outros,

ou area de habitat, explorados por dada espécie
1 V J @‘ ;
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FIGURE 14.19 Niche relationships visualized as graphs on a resource gradient and as Venn
diagrams. Species A and B have overlapping niches of equal breadth but are competitive at
opposite ends for the resource gradient. B and C have overlapping niches of unequal breadth.
Species C shares a greater proportion of its niche with B than B does with C. (However, B shares
its niche also with A at the other end.) C and D occupy adjacent niches with little possibility of
competition. D and E occupy disjunct niches and no competition exists. Species F has a niche
contained within the niche of E. If F is superior to E competitively, it persists and E shares that part
of its niche with F. Compare Figure 14.18. (Adapted from Pianka 1978.)

Black skimmer Brown pelican dives for fish,

which it locates from the air

seizes smallfish .
at water surface T T g um—"

Avocet sweeps bill through

g Spaup and other mud and surface water in

— 1\ diving ducks feed on search of small crustaceans,

RN mollusks, crustaceans, insects, and seeds
\and aquatic vegetation '

Flamingo
feeds on

3idEigi 1l

Oystercatcher feeds on
- clams, mussels, and

other shellfish into which
~ it pries its narrow beak

[ . - Louisiana heron wades into
N water to seize small fish

_Figure 8-9 Specialized feeding niches of various bird species in a coastal wetland. Such resource partition-
ing reduces competition and allows sharing of limited resources.



FIGURE 14.20 Niche overlap and 3
habitat partitioning among three

species of grassland sparrows on a

Pennsylvania study site. A two- o | Hanslenis
dimensional plot of the first (habitat) sparrow
and second (territory size) discriminant
axes. Note the wide separation
between the two congeneric species, 1+~
the grasshopper and Henslow’s

Grasshopper }, =%
sparrow {1 TTSS

sparrows. (From Piehler 1987.) IS s,
P % L /“\
= LL
Savannah
2 - sparrow L i
3 1 I | ! | !
-5 0 1 3
= Dense vegetation cover Bare grc-?
04 Becel orea
5 03 . ] , .
g Amplitude de nicho ecologico/
| niche breadth: largura de exploragao
do gradiente de recursos

Resource gradient

F’IGURE 14.22 Hyp.othe'.tical distribution of a species with a broad SO b re pos | (;ao d e n I ?h OS/ r] | ?he
et Toericnss vy shaded meey Spoceshavonnss  OVETIAP: dU@s OU Mais especies
exploram 0O mMesSmao recurso

greater proportion of species B more than B overlaps A.



O MODELO DA VARIACAO DE RECURSOS DISPONIVEIS (Tilman, 1985):

1. As plantas competem permanentemente por recursos limitantes

2. Cada espécie apresenta uma habilidade competidora superior para dado
conjunto/proporcao de recursos disponiveis

3. Os recursos disponiveis variam no espacgo e no tempo

4. Durante uma sucessao, a variacao de recursos disponiveis é direccionada (em
funcdo do consumo, da reciclagem biogeoquimica e da perturbacéao)

5. Acompeticao pelos recursos determina a sucessao vegetal e animal

30 r — ~ v
a +Hm —
Be -------
25 YB: s
T BC -
High < WP -eme
T 20} RO o
= SM -
& ek g T TR YA s
E 15 F WA
: ks
<
o 3
(Ez “ 10
m
5 " -
Low 0 ..o -
0 500 1000 1500 2000
Time since disturbance (years) Year
FIGURE 21.2 Species assume different degrees of importance along a gradient of . ; ,
fonesfollowihi thexdishibanee-of borial northern: hardwoods Extest: Tmmedintely FIGU R!E 13.3. Patterns of forest .succe5szonpredz.cted by the SORTIE model. The .modelpre—
after disturbance, blackberries (a) dominate the site, but they quickly give way to dicts replacement of shade-intolerant species by the shade-tolerant species eastern
ﬁe]low birch (b)I, Qtl)iaking;‘ispeano(c), anc} %m cherry (hd'. Intolerén[tl pmbChel:W assumes hemlock and American beech. Key to species: Hm = eastern hemlock, Be = American
ominance early but within years fades from the forest. Yellow birch, an inter- e . _ _ : : _ _
mediate species, assumes early dominance, which it retains into the mature stand. beech, YB—yellow birch, BC= blaék cherry, WP'_ whztepme, RO = red oak, SM._ sugar
Quaking aspen, an intolerant species, begins to drop out after 50 years. Meanwhile maple, RM = red maple, WA = white ash. (Reprinted from Pacala et al., 1996, with per-
sugar maple (e) and beech (f), highly tolerant species, slowly gain dominance through mission of the Ecological Society of America.)

time. In about 100 years the forest is dominated by beech, maple, and birch.




CONCEITO DO MOSAISMO DINAMICO

Patch dynamic concept

As populacdes e comunidades habitam sistemas abertos, com diferente dindmica intra-
mosaico e com relacOes variaveis entre si. As perturbacfes criam espacos entre mosaicos
(gaps) e aumentam o mosaismo (patch). Duas situagoes: Recifes de coral

Modelo da lotaria competitiva: todas as
espécies bons colonizadores e competidores; a
medida que 0s espacos se abrem sao
colonizados imediatamente por qualquer delas

High

X: Praias rochosas da Californi

Low

Richness

Soon after a disturbance Time Long after a disturbance

Pioneer and early successional communities Midsuccessional Climax

High

A
©©® ®@ ® ® ©
® © ® © ® ®
©® ® © ® ®
®©® ® ©® © ®
® © © ©® ® ®

EX: Modelo da sucessdo competitiva:
as espécies sdo competidoras superiores
em diferentes situacdes e vao
desaparecendo dos mosaicos; a medida
que NoVOS espacos se abrem, as espécies
Iniciais podem regressar
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TABLE 13-1. Suggested changes in a variety of

ecosystem properties during ecologi

cal succession.

Variable

GPP/Respiration
GPP/Biomass
Biomass/Energy

Yield = NPP

Food chains

Total organic matter
Nutrients

Species richness
Species evenness
Biochemical diversity
Stratification and pattern
Niche specialization
Size

Life cycles

Mineral cycles

Nutrient exchange

Role of detritus
Selection on growth form
Selection on production
Symbiosis

Nutrient conservation
Stability

Entropy

Information content

Early Succession

>or<l

High

Low

High

Linear

Small
Extrabiotic
Low

Low

Low

Poorly organized
Broad

Small

Short, simple
Open

Rapid
Unimportant
r-Selection
Quantity
Undeveloped
Poor

Low

High

Low

L ate Succession

~1

Low

High

Low
Web-like
Large
Intrabiotic
High

High

High

Well organized
Narrow
Large
Long, complex
Closed
Slow
Important
k-Selection
Quality
Developed
Good

High

Low

High

GPP = gross primary production = total photosynthesis.
NPP = net primary production = total photosynthesis—respiraﬂon.
Modified and reprinted with permission from Odum, 1969. © 1969

American Association for the Advancement of Science.

0OS TRESNMECANISI\/IOS DA
SUCESSAOQ:

FACILITACAO

As espécies pioneiras modificam as
cond_lc;oes ambientais, facilitando o
surgimento das seguintes

TOLERANCIA

As espécies pioneiras ndo tem efeito
sobre as seguintes nem estas se
estabelecem por causa das
p_rimeiras, simplesmente reagem a
diferentes condi¢Ges ambientais

INIBICAO

As espécies que surgem depois
competem com as anteriores,
desalojando-as




A PROPORCAO RELATIVA DOS MECANISMOS ECOLOGICOS VARIA

(Walker e Chapin, 1987):

«Com o tipo de sucessdo:primaria, secundaria, regeneracao

«Com o estadio temporal da sucessdo: colonizacdo, maturacao, senescéncia

VARIACAO DE TRACOS DE
ECOSSISTEMA DURANTE A SUCESSAO

Chegada de sementes e Sementes enterradas e
propagulos propagacao vegetativa
Seed arrival Buried seed and
vegetative propagules
Hi \
W Successional type
\‘\\'\_ — Primary
R \-5_ ----- Secondary
NS TS —— Regeneration
_V\:\-._ C- colonization
o M- Maturation
C M S C M S S- Adult

Successional stage

Sucesséo P
primariae S
secundaria
Regeneracao=
shifting mosaic

C- estados
inciais, M-
intermédios e
S- finais da

Importancia relativa de mudanca das eSpecies

sucessao



A PROPORCAO
RELATIVA DESTES
MECANISMOS VARIA
(Walker e Chapin, 1987):

«Com o estadio temporal da
sucesséo: colonizacao,
maturacéao, senescéncia

«Com o grau de perturbacao
e dureza ambiental: pouco
acentuada ou severa

C- estados incialis,
M- intermédios e S-
finais da sucessao

Relative importance for species change

High

Low

High

Low

High

Low

Stochastic events

~ s S

Facilitation

Interaccao por
facilitacéo

7/ competicdo

Competition

————
- ~~

~

~.

~
N

/" Interacgdo por

(

Maximum potential
growth rate

e ————
- ~

rescime

Insert herbivory and
pathogens

Herbivoria e
patogeneos

~ -~
\\\\\\\

Longevity

 Longevidad
das plantas

D

Mammalian herbivory

Herbivoria
mamiferos

S~

Successional stage

Environment

— Severe
Favorable

Perturbacéo
severa e
moderada

OU SEJA, a direccdo da sucessdo depende dos factores que nela estdo a intervir, incluindo os
relacionados com o ambiente (tipo, area, perturbacéo), com as caracteristicas da colonizagéo
das espécies progressivamente disponiveis e com as caracteristicas bioldgicas, performance e
interaccdo das espécies que se vao sucedendo, e ainda de factores animais como a herbivoria



Hipotese da perturbacao intermeédia

Connell, 1978

100~
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3 o
2 G
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w
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E
5 3 15 °®
g 4 10 !
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g “n T ' Intensity of disturbance (mean percentage of bed moved)
£ | b Townsend, Harper, Begon
U Essentials of Ecology
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Variagdo da riqueza de
T d, Harper, B . . )
b Essentials of Ecology macroinvertebrados do leito fluvial

% espaco vazio de pedras numa praia rochosa da California
em funcdo da energia necessaria para mover as pedras. F-<49
newton; 1-50 a 294 N; R- >294 N (Sousa, 1979)

Maiores riquezas ocorrem em situagoes de perturbacédo ambiental DE
FREQUENCIA MEDIA, e em ambientes medianamente instaveis



20.16.

DIVERSITY

HIGH RELACAO ENTRE APERTURBACAO INTERMEDIA
DE CONNELL (1978) E AS ETAPAS DA SUCESSAO

LOW

DISTURBANGES FREQUENT — INFREQUENT
DISTURBANCES SMALL = LARGE
SOON AFTER DISTURBANCE — LONG AFTER

CANOPY
ﬁ%‘” T ol s

A COLONIZING B MIXED C CLIMAX

General relationship between tree species diversity and disturbance re-
lated to frequency of disturbance, size of disturbed area, and temporal
scale corresponding to early- (colonizing), mid- (mixed), and late-succes-
sional stages of succession in the wet tropical Budongo rain forest of
Uganda. The diagram represents the “intermediate disturbance hypothe-
sis” where a mixture of early- and late-successional tree species exhibits
the greatest tree-species diversity at an intermediate position in distur-
bance frequency and size and time after disturbance. (After Connell,
1978. Reprinted with permission from Science 199, p 1303, © 1989 by
the American Association for the Advancement of Science.)




Usar a perturbacao
Intermedia a nosso favor:
Cultura de bivalves na
zona de aguas de
transicdo de Olhao




Perturbacéo intermédia esta associada a maior
Baixa diversidade e maior produtividade (grande P/B)

produtividade e
baixa riqueza:

oucas espéciese | High Diversity reduced Grande produtividade e
p p :
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Low L2 :
Low Potential productivity High I

O modelo do equilibrio dinamico de Huston: maxima
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PERTURBACAO acontecimento discreto no tempo que
altera os ecossistemas, comunidades ou populacoes, ou

ainda os habitats, condicoes de vida ou recursos
disponiveis

«Origem natural ou antrépica

*Dimensao (em area e tempo; a escala depende da comunidade)
*Frequéncia (nimero de perturbacdes por unidade de tempo)
Periodicidade (tempo médio entre perturbacoes)

eIntensidade (a forca fisica do evento por espaco e por tempo)

Severidade (grandeza da alteracdo provocada)



AGENTES DE PERTURBACAG

NATURAIS ANTROPICAS

JJCHEIAS E SECAS JACTIVIDADES FLORESTAIS
JVENTO JACTIVIDADES AGRICOLAS
JFOGO JREGULARIZACAO
CJANIMAIS JPOLUICAO

JURBANIZACAO
JALTERACOES GLOBAIS

PERTURBACAO ANTROPICA - TIPOLOGIAS

Impacto demografico (poluicao, urbanizacao, alteracoes globais)

Uso nao sustentavel dos recursos naturais (regularizacao, pesca,
caca, extraccao de inertes)

Destruicao ou fragmentacao de habitats (agricultura, silvicultura)
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Desflorestacao da Europa

Desflorestacao actual da
centra entr 900 e 190 bacia do Amazonas
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Deforestation and economic
development in Brazilian Amazonia
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CANALIZACAO E
LINEARIZACAO DE
SISTEMAS FLUVIAIS

Fonte: Pinay, Decamps,
Chauvet & Fustec, 1990
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Propriedades da estabilidade do ecossistema:

‘RESISTENCIA: resisténcia & mudanca do estado ou estrutura quando
alterado

‘RESILIENCIA: regresso rapido ao estado ou estrutura original quando
alterado

*PERSISTENCIA (o contrario: FRAGILIDADE): capacidade do
ecossistema persistir num dado estado ou estrutura

EX: Bola bilhar na borda da mesa: resisténcia e resiliéncias baixas FRAGIL
Bola bilhar em cima da mesa: resisténcia média, baixa resiliéncia

Bola de bilhar no cesto: elevada resisténcia, nula resiliéncia PERSISTENTE



Também pode haver robustez e persisténcia na instabilidade
natural desce que ela seja ciclica e preditivel
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Bacias de atraccao para um dado estado ou condicéo ecoldgica: estabilidade

Resilience and multiple states

Mudanca de estado

Valuable ecosystem services > Loss of ecosystem services

(Desirable state) (Undesirable state)

1 2 3 4

Ecosystem state > Ecosystem state

Disease, bleaching;._ Algal dominance

hurricane

Coral dominance Overfishing, coastal

eutrophication

Shrub-bushland

Grassland Heavy rainfall and

intense grazing

Fire prevention

Figure 1. Shifts in coral reef and rangeland ecosystems from a more to a less desir-
able state as a consequence of human-induced erosion of resilience. The stability
landscapes depict the basins of attraction at different conditions. If the size of the
attraction basin is small, resilience is small, and even a moderate perturbation may
bring the system into the alternative basin of attraction. The actual shifts in coral
reefs and grasslands are caused by disturbance events, which resilient ecosystems
would have absorbed through reorganization supported by response diversity (modi-

fied from Deutsch et al. 2003 ).
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