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* Understand the basic concepts, causes, stages, types of succession
and theories of Climax and its types

* Convey the significance of Ecological Knowledge needed for
applying in field

* Intended to highlight the importance of disturbances (natural and
man made) & its consequences in ecosystem and its future course



* Learning outcomes
* Concept of Ecological Succession

* Importance, Types, Process & Examples
* Concept of Climax & Theories ,Types of Climax
* Applied aspects



Time to Think/Guess

Glacial retreat of Glacier Bay, Alaska?
Eruption of Mt.Helena Volcano?
Flooding in a National Park

What the above have in common on
their action on ecosystem?

IMPORTANCE TO HAVE CORRECT
ECOLOGICAL KNOWLEDGE

Will the logged forest recover to become
similar old-growth forest in the future?

What is the time frame for this recovery?

Why it is important to know about forest
succession?



Plant Succession
* The of one type of

in the development of vegetation which is the
culmination stage for a given environment is referred to as Plant

Succession.

e E.P. Odum,- “Plant succession is an

in an unit area.”



* Salisbury -

“Plant succession is a in which at each phase, until the

climax, the constituent species render_the

e Succession is a complex universal process which begins, develops, and

finally stabilize at the climax stage.

e The climax is the , and

stage of vegetational development in a



Succession and Climax Concept

* The whole that in a

’)

given area is called the “
* [ts various intermediate stages are called the

* Communities representing these stage are called the

* Though the seral communities are not clearly distinct, yet they are




* The relatively transitory communities are variously called

* While the terminal stabilized system is known as

« Species replacement in the sere occurs because populations tends to
the , making conditions

until an equilibrium between biotic and abiotic is achieved.
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* Plant succession is not a series of steps or stages but is continuous

and

replacement of vegetation takes place individual by individual.

in a given area and bring about

several changes in the habitat by their deeper shades and leaf litter.



* When the
then the plants of next community, that are well suited to that

habitat, will come and become dominant.

e After several such changes, a_stage may come when the

that can _reproduce and
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 Thus, the process leads to establishment of

* Climax dominants are the species best adjusted to habitat and are able to take

possession of the habitat and hold it against the new invading species.

* In the climax stage the

between organisms are maintained per unit of available

energy flow.



* The main causes of succession are :
a) Climatic causes
b) Topographic causes like erosion

c) Biotic causes like grazing, cultivation
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Figure 21.2. (cont.)
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on which it develops, the

succession may be of two kinds: Primary and Secondary.

Primary succession: When the succession starts on the extreme bare

area on which there was

or autogenic succession.
 Aforest rock surface expose by landslide

* A new lake formed by construction of a dam
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(A)
Pioneer Willow-alder Spruce (conifer forest)

Figure 21.2. A. Successional stages at Glacier Bay. Pioneer stage (left). Willow-alder stage (middle). Spruce stage (right). B. Simple conceptua
of primary succession showing catastrophic disturbance leading to a predictable series of developmental stages.
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Table 12.1 Successional changes in life-history traits after glacial retreat in Glacier Bay, Alaska’

Successional  Seedmass  Maximum Age at first Matmum
Genus stage (g seed”) height (m)  reproduction (year) longevity (year)
Epilobium  Pioneer 1RV )
P Do R GRS 0
Alms ~ Aldr = 44 4 Bl Ay
Pices  Sprace 2,694 I I T

*Data from Chapin et al. (1994)



Succession as Ecosystem Development 595
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Figure 23.12 Accumulation of organic carbon in Glacier Figure 23.13 History of combined nitrogen in Glacier
Bay succession. Bay succession.
Nitrogen is highest under the stands of alder before falling

continues to accumulate in the soil throughout the ! .
loneer and alder stages before reaching what looks like a under evergreen forest. High inputs by nitrogen-fixing bac-
teria in alder root nodules explain this. (From Crocker and

Seady state und Crocker and Ma-
o, 1955, er evergreen forest. (From Cr Major. 1955.)
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Alder Spruce
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Fig. 12.9 Intceraction of life-history traits, competitaon,
facilitation. and herbivory in causing successional change
after glacial retreat at Glacier Bay, Alaska. Life-history traits
determine the pattern of dominance at cach successional
stage. The rate at which this dominance changes is deter-
mined by facilitative or inhibitory effects of the dominant

Eliminate early
successional
species

Minimal

species and by patterns of herbivory. In general, all four of
these processes contribute simultancously to successional
change. with the most important processes being life-history
traits in the pioncer stage, herbivory in mid-successional
stages, facilitation in the alder stage, and compcecunon in latwe
succession. Modified from Chapin et al. (1994)
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The Ecological World View

(a) Facilitation Model: Primary Succession
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Figure 11.4 Conceptual models of succession. The capital letters A—D represent hypothetical vegetation types !

aC

dominant species; subscript letters indicate that species are present as minor components or as propagules. Bla
represent vegetation sequences in time; blue lines represent alternative starting points for succession after distur
Circular arrows indicate that the species replaces itself. + = facilitation, — = inhibition. O = no effect. In these Sim
sequences, species D would be the climax species. (Modified after Noble' 1981.) ,
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Figure 21.5 Model of primary and secondary succession showing the
two processes as responses to a continuum of disturbance inten




Secondary succession: This type of succession starts on the

Secondary succession_has fewer stages than the primary succession and the

climax is reached very quickly in the secondary succession.

 C(Clear felled forest areas and abandoned agriculture field

23



Secondary succession
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Figure 11.2 Primary succession on mudflow depos . 1 3
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ption of May 1 2 ¥ - : hows data from these plots. (Photos courtesy of -
sloww iy increasing as the site undergoes prirmary succession. Figure 11.3 s ta f T € e © S
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Early primary succession o
rarely produces plant densities sufficient to
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The Ecological World View
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Figure 11.3 Number of species occurring in 1 m? quadrats in the Studebaker Ridge area on the south cone of Mou™ S

e U

Helens, Washington. The number of species reached a plateau around 17-20 within 10 years of the irruption an 'r' ‘
plant cover on this area has increased only slowly because of the harsh conditions on these volcanic deposits. PO
these plots are shown in Figure 11.2. (Data courtesy of R. del Moral, 2004, photo courtesy of Thayne Tuason.)




528 | Chapter 21 Disturbance and succession

Table 21.1 Volcanic events associated with eruption of Mount St. Helens.

Area (km?) Temperature (C) @ .

Pyroclastic flow/pumice plain 15 0.25-40 300850 None
Debris avalanche 60 10-195 70-100 Rare
Blast/tree-removal 90 Variable Variable Common
Blast/blowdown 370 0.01-1.0 100-300 Common
Blast/scorch 110 0.01-0.1 50-250 Ce vmmon_}.'
Blast/mudflow 50 0.1-10 30
Tephra fall 1000 >0.05 <50

“ There was a much greater are

a covered by a thin layer of tephra (<0.05 cm thick).




The Ecological world View

stics of early- and late-successional plants.

and life history characteri

Table 11.1 Physiological

Early succession

Late succession

Characteristic —_
Photosynthesis I —_—
2 x ; - high ow =3
Light-saturation intensity I TSnE
: - - high ow —
Light-compensation point ; e =
ici ; low high =
Efficiency at low light : i
i ow e
Photosynthetic rate high
- = low > =S
Respiration rate high
Water-use efficiency SRS =
Transpiration rate high fowy. T
Mesophyll resistance low high e
Seeds T
Number many few e
Size small large I b
Dispersal distance large small SEges
Dispersal mechanism wind, birds, bats gravity, mammals A
Viability long short S e
Induced dormancy comimon uncommon?
Resource-acquisition rate high low?
Recovery from nutrient stress fast slow
Root-to-shoot ratio low high
Mature size small large
Structural strength i
= =3 low high
rowth rate i S
= = rapid slow
aximum lifespan =S eaad
P short long Caate

Source: From Huston and Smith (1987).
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Fig.12.8 Roles of stand and landscape diversity in ecosys
tem rencwal after disturbance. A disturbance such as a fire,
hurricane, volcanic eruplion, or war opens space in an eco-
system, In this diagram, ceach shape represents a different
functuonal group such as algal-grazing herbivores in a coral
rect, and the different patterns of shading represent species
within a functional group. After disturbance, some species
are lost, but an on-site legacy of surviving species serves as
the starting point for ecosystem renewal. For example, after
boreal fire, about half’ of the vascular plant species are lost
(Bermmbardt et al. 2011). The larger the species diversity
of the pre-disturbance ccosystem, the more species and
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functional groups are likely 10 survive the disturbance the
more severe the disturbance the larger the proportion of
species lost. (In this figure, all functional Zroups except
“squares’ survived the disturbance.) Landscape diversiry of
the matrix surrounding the patch is also important © cco
system renewal because it provides a reservoir of diversity
that can recolonize the disturbed patch. In this figure. the
“square” functon was renewed by colonization from the
matnx suwrmrounding the ccosystem. Through ume, some
additional species may be gained or lost, and new (unctional
groups (inverted tnangles in this diagram) may invade from
a distance. Reprinted from Chapin et al. (2009)

Current systoem







Growth
(production): large

(A) Young (developing) ecosystems

M:un tcnancc
(respiration): small

Growth

=== (production): smal

xica Succession, contrasting ef
ems and (B) mature systems.

"




|
|
';

1l Community Dynamics —Sucocession

Scenario 1 &
cenario 2

5 |
<
5 £
= 1 2
® =
> @
= 3 =
3 3
oc - =
o
Years
Relative Relative
growth seed Diameter Height Maximum | Shade
Species Characteristics rate production (cm) (m) age (years) tolerance
1 Fast growth, short life 2.7 5 50 15 50 intolerant
2 Moderate growth, longer life 1.43 g 100 30 300 tolerant
3 Slow growth, longer life 1.09 1 100 35 400 tolerant
4 Very slow growth, very long life 1.00 1 Q 150 35 650 tolerant

hass dynamics and community biomass for hypothetical
vhich competition for light is the driving variable. In
successional characteristics, but differ sufficiently in
essional replacement. In scenario 2, an early-

d to the three species in scenario 1. (Modified

Figure 11.5 A simple model of succession for trees. Spccigs h_ion
successional sequences with three and four idealized species in b
scenario 1, all three species are shade-tolerant and thus havg Ia’lg— :
relative competitive abilities (growth rate) to produce a ‘l}/')ucal :~.u\c<.. | e
successional species with a rapid growth rate and shade-intolerance is adde

from Huston and Smith 1987.)
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Flgure 23.4 Model of succession as a function of rat€
invasion.

Opportunist species invade early and rapidly (top) but
extinction by competition is also early and rapid (bottO
The final number of species at climax will depend O'L
rate of continued invasion (which may prOCeed for S

st‘a-:nds of years) and the rate of local extinction. 2
ally should be very slow.

(—-|1 eV

Frequency

Ploneer  mm—SucCesSioNal series = Climax
community

Figure 23.5 Three-strafegy model of succession
Ruderals (R) are pioneer herbs that are replaced by com-
petitors (C). At the climax sfress-tlerators (9] invade. For
dotils see text. (From Grime, 1979



Origin and development of communities

Stage 1. Nudation — exposure of new surface.

Stage?2. Migration — / propogules to area from neighbouring.

Stage 3. Germination of seed/propogules. When

Stage 4. Ecesis — only few germinated seeds/

The successful establishment is called Ecesis.

38



Stage 5. — number of individual and species increases. This process is

aggregation.

Stage 6. — the plant that initially colonize and aggregate are called
pioneers.

Stage 7.

Stage 8. — newer and more aggressive species

Stage 9. — |leading to climax vegetation.

39
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Monoclimax and Polyclimax Theories

Regarding the number of climax in a given habitat or climatic region there are
two different theories:

Monoclimax theory: According to Clementsian, there develops
. This concept is generalized as

monoclimax theory.

As per FE , in a given reason, all lands are faces, eventually tend to
be occupied by a single kind of community which is a climax.

The factors determining climax is regional climate. If regional

41



I:BEECH—MAF’L_E: THE CLIMAX FORMATION ]

- N

Hydrarch Secondary Xerarch
e N ' d Oak =
Oak—hickory Oak WC)tod an a WOO
1 SumMmac—pine 3 t
Willow shrub FPine forest
1 Broomrmsedse t
Cattail marsh Poplars
1 Aster—gsoldenrod 1
Rooted aguatics Dune srasses

Annmnuual weeds

Fisure 23 _2=2S T he kind of commmunity taxonormvyu pro-—
PrPosed bu Clerments.
All associations are supposed to be related to the clirtmax

forrmations bu their roles as seral stages in successions.



Poly climax Theory

* Polyclimax theory: it holds the view which is
. It defines climaxes as the stabilized and self-maintaining
plant communities and considers that a

* In Poly climax hypothesis,

 As per RH Whittaker, there is only one big climax community that
varies according to
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Codominanace of two climax tree species

[25 vyears before treefall l

I 25 years after treefall 1

> Y ~ Y ) N - )\ =
Few small <~ oY (R S ¥
local gaps = (c_? <~ S D G >
Less than — =22 < A 5 :.::’\4-."-——_"
1% full ‘-7_)'%‘ C:'}' ——— — !
: =1 =} = =
sunlight &2 grt' |
N o= = <
— _Z?;ffl, - === _LI = -2

Large beech tree canopies cast deep
shade; rare beech saplings are suppressed

One beech tree falls, and many sugar
maple seedlings colonise the gap

~ P A

| . A\ ~S

— = - ~ - % 5 Y

Frequent o & o - 2N
large gaps g ~ 5 < N i'ij_'

1 to 30°%46 = c -3 3 3
: - | ] — - > >

full sunlight <>\ ' - 3

. Y = 15 B (55 s

Frequent large gaps=s allow more sugar
1 =]

Sugar maple replaces most beech, and
maple saplings than beech in understory

beech replaces some sugar maple

Figure

11.12 Conceptual model of how the American beech-sugar maple forests of Michigan maintain codominance of
wo climax e >

richt colurmn is after tree-fall. Infrequent falls of large beech trees every 100+ years (top panel) favor sugar maple (green

tree silhouettes) while frequent gaps every 10 10 vears (bottom [).chll favor a mixture of sugar nwaplo and beech (open
the former positions of the crowns of fallen trees in the right column. Maples frorn‘lhe h

understory were suppressed on average 20 years before being released to grow in a gap, while beech trees ".Orn;\fill

understory were suppressed 121 years on average Intermediate conditions between these two extreme scenario

i | | i i { 3 ini oth
of succession mechanism will maintain a climax forest containing b
> . »] O«
beech and sugar maple. (Modified from Poulson and FPlatt 1996

tree silhouettes). X marks

often favor beech over sugarn maple. This type

tree species instead of succeeding to a single dominant climax species. The left column is before tree-fall; the

'Y ]



Different types of climax

e Climatic climax — due to climate
e Sub climax — due to interference
e Edaphic climax — soil factors

* Pyral climax — due to fire
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Climatic climax - sal
* Tropical wet evergreen
* Tropical moist deciduous

* Moist shiwalik and himalayan forests
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Edaphic climax

The is achieved where physical conditions of the
as to modify the effects of prevailing regional climates.

Climatic climax is term used for general climax.

Sometimes the such as its
. Such a climax is known as edaphic climax.

Sal forests from a pioneer plant association of Acacia catechu and Dalbergia sissoo in the
Gangetic alluvium of Uttar Pradesh is a typical example of plant succession.

Sal
Heavy clay area — aegle (bael and terminalia)
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N o U s W

Edaphic climax

Northern Trop. Wet evergreen - Cane brakes
Southern Trop. Wet. evergreen -Bamboo brakes
Northern Moist Deciduous- T. Tomentosa
Temperate Dry Deciduous- Anogeissus pendula
Temperate Dry Deciduous -Bosewellia serrata
Temperate Dry Deciduous—Babul

Temperate deciduous -Hardwickia

48



Pre climax

* In climatic zone, there may be The
site with low moisture supplies carries a climax vegetation which is more

* Chir Pine forests in exposed ridge in sub tropical broad leaved forests of oak is pre —climax.

* Moist teak adjoining evergreen forests in TN

49



Post climax

A climax with more

More cool and moist area

Damp sites of semi evergreen forests in sal zone converted into evergreen forests

Chir pine converted into oak

50



Sub - Climax

A vegetation which is not a climatic climax,

Ii
Teak and sal forests in moisture zones is sub-climax.

If these forests are not subjected to grazing and fire it will change into mesophytic vegetation
of mixed species.
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Retrogression

Succession is a process of development and at early stages in succession, more developed

plant communities are present, than the previous stages.

The

These influences may be

The
This is known as Retrogression.
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In

Examples of retrogression :
Profuse regeneration of Adina Cordifolia in Sal forests in South Raipur (MP)

Replacement of Oak (Quercus incana) in Himalaya by pure stand of

Rhodoedendron.
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Succession in some Shorea robusta forests of the U.P.

Author(s) : Bhatnagar, H. P.
Journal article : Journal of the Indian Botanical Society 1960 Vol.39 No.1 pp.22-6 ref.11 refs.

Abstract: Succession studies in the dry and moist S. robusta (Sal) types indicate that
there is evidence for both progression and regression. The dry types ultimately degrade
Into a dry grassy savanna, after passing through the mixed miscellaneous stages. The
primary succession in the dry Sal type starts from a grassland association with species like
Saccharum spontaneum and Erianthus munja, leading to the mixed miscellaneous stage.
This may regress to deciduous forest, or to mixed forest with Sal and finally to dry
savanna. In the moist Sal type, the primary succession starts from grasses and leads to
mixed forests of Sal and Terminalia tomentosa, Syzygium cuminii etc., after passing
through mixed miscellaneous seral stages. The moist Sal type may, however, degrade to a
dry Sal type, then to mixed miscellaneous forest, and ultimately to dry savanna. In
localities with a high water-table and under moist conditions, regression may proceed
towards savanna with tall grasses. The tall-grass savanna may be more or less stabilized
as a sort of post-climax association. [Cf. F.A. 22 No. 308. KEYWORDS: Araucaria
cunninghamii\ plant ecology \ Shorea robusta \ vegetation types \ forests \ plant
succession \ Synecology \ Syzygium cuminii \ Terminalia tomentosa




SUCCESSION AND CLIMAX

Types of new sites (primary succession) in India
Alluvial- riverian

Estuarine
Sand dunes
Land slips

Screes (dry/ cold area, mountainous areas)
Colonization of the site

Riverian
— Water as main source- Shisham, Trewia,

— Air borne spp.- Khair, populus, alnus
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* Landslips

— Seed by wind dispersal
— Alnus, populus, Blue pine

e Sand dunes

— Coastal — casuarina

— Shifting land sand dunes — herbs, shrubs
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Hvdrarch succession — wet environment

- Water, wet land, marshy land

Mesarch succession —

Mainly secondary succession
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Oligortrophic succession—poor nutrient environment

Mesotropic succession—balance nutrient environment

Eutropic succession—fertile and rich environments

Allogenic succession—
which in turn changes the biota
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Hydrosere: The plant succession which start in the aquatic environment is called “ ”OA
series of changes taking place in the vegetation of hydrarch is called hydrosere.

Halosere: It is special type of which begins on a or in saline water.

Xerosere: When the vegetational succession develops in xeric or dry habitat, it is called xerarch

or xerosere. may be of two types:

i) Psammosere: It refers to the vegetation succession that begins on the

i) Lithosere: It refers to succession that occurs on
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Successions which depends upon the moisture condition of

the place.

Xerarch — Dry condition such as bare rock, wind blown sand,

rocky slopes
Stage - , in hospitable environment

Stage —lI , mosses- tolerating drought and production

of organic matter
Stage —llI

Stage —IV tolerant
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Over Time In Six Stages
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Evolution of Sal forests from a pioneer plant association of Acacia catechu and
Dalbergia Sissoo in gangetic alluvium of UP is an example of plant succession.

The stages in succession of Sal are:-

Acacia Catechu — Dalbergia Sissoo

A. Catechu — Holoptelea - Adina — Albizzia

Holoptelea — Adina — Lagestroemia parviflora — Salmalia — Terminalia belerica.
Adina — Lagerstroemia parviflora — Terminalia =Shorea

Shorea — Lagerstroemia —Terminalia —Adina.
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1. Saccharaum Munja, Saccharaum Spontaneum, Tamarix

2. Khair (Acacia catechu)- shisham

3. Khair — Holeptelia — Adina — Albizia

4. Holeptelia — Adina — Lagerstromia — Salmaila — Terminalia Ballerica
5. (a) Adina — lagerstromia- Terminalia — Shorea (b)Adina — Trewia

Toona (Moist)

6. Shorea — Lagerstromia- Terminalia— Adina and Jamun



Plant Succession in Himalayas in the altitudinal zone of 2400 —
2700m.

* Shrub association — blue pines — mixed forests of blue pine,
deodar and spruce - mixed coniferous forests of deodar,

spruce and fur.
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Succession (coniferous)
Shrub

Blue pine

Deodar, Spruce, Blue pine

Spruce, Fir, Deodar
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* Riverine succession and woody succession challenges for park
managers

* Managemental decisions like river training, reintroduction/
Translocation of wild animals, controlled burning

e Silvicultural operations-Thinning operations ,Felling operations(Clear
felling, Selective felling)



Contd...

* Threats like Grazing, Fire, Deforestation, Clearing for Shifting cultivation,
fragmentation/Honey combing due to illegal encroachments, illegal tree
felling

* Planting of tree species/fodder species
 Weed removal operations

* Finally role in Restorative Ecology



DISCUSSION



