Plant communities and their development through a succession of changes

Plant Succession

An area of bare ground does not remain empty for long.  In relation to sand dunes marram grass colonises the area and provides stability.  Marram is thus the pioneering species, it is specialised drought resisting grass that like any pioneering species is able to colonise open exposed sites.

This competition free environment does not last for long.  The process of change in vegetation over a period of time, whereby one group of species replaces another in a given site is called the plant or vegetation succession.

A group of species in a succession do not continue to replace each other indefinitely, ultimately a state of relative stability will be reached where species exist in equilibrium with their environment.  This final plant community is referred to as the climax vegetation. 

The initial establishment of vegetation to the final climax stage is known as a sere.  Each group of species in a succession which makes up the sere is referred to as a serial stage. 

As successions proceed there is usually an increase in:

· Structural complexity (stratification)

· Biomass

· Number of species

· Productivity (growth rate) of vegetation 

Why does succession occur?

(i) Internal processes of change - Autogenic (self-regulating)

The initial establishment of vegetation begins the process of soil stabilisation.  Pioneer communities via root action bind the soil particles together.

This helps to prevent the removal of soil by wind and rain.  It reduces the direct impact of rainfall and restricts wind speed at the ground surface lessening soil erosion.  This protection is vital for continuing succession, without it plants would not remain long enough to stabilise the soil and thus the succession could not proceed. 

Vegetation also alters the properties of the soil by adding organic matter which will hold water and nutrients, such as nitrogen, phosphorous and potassium.

The plants therefore alter their local environment  by modifying the conditions of the site to such an extent that other species may now find the habitat stable.  Such species may not have previously been able to colonise because the environment was too harsh e.g. lack of water, nutrients and exposure.  Once established in the succession these species continue to modify their local environment and so further succession.

These progressive environmental changes take place under their own force and so are termed internal or autogenic (self-generating).

(ii) External processes of change – Allongenic

A succession in which one kind of plant community replaces another because of a change in the environment which was external to and independent of that produced by the plants themselves. 

Allogenic factors include flooding, fire and human activity (grazing, cutting, ploughing).  The primary succession is thus disturbed and a deflected or secondary succession begins.

Climax Vegetation

The final stage in succession is dependent upon the climate of the region and thus is termed the climatic climax vegetation.  This theory, based on the principal factor of climate, is known as the monoclimax concept.

This is emphasised at a global level as climate determines the overall distribution of vegetation and soils, for example tropical rainforest, dessert and tundra ecosystems.

However the detailed nature of climax vegetation at the local scale will be determined by a number of factors ranging from:

· Climate

· Relief

· Drainage

· The nature of parent materials

· Influence of biotic factors (animal and human)

When vegetation is prevented from progressing to the climatic climax because of some local factor it is called a sub-climax.  

When the dominant influence is biotic factors the sub-climax is referred to as plagioclimax vegetation i.e. animal or human interference conditions the final, semi-permanent plant community.

When the climatic climax vegetation reverts to a previous phase by some internal or external factor, the process of vegetation change is termed retrogressive succession.

Questions

1. Draw an annotated diagram to depict the process of plant succession. 

2. What is meant by (i)  Sere?

                                 (ii) Seral Stage?

3. Explain Plant Succession.

4. List (i) the internal reasons for vegetation succession.

          (ii) the possible external reasons for vegetation change.

5. What is meant by (i)  Primary Succession?

                                (ii) Secondary Succession?

6. Define the meaning of Climax Vegetation. 

7. What local factors may determine the Climax Vegetation?

8. Define Plagioclimax.

Primary successions

Primary successions are started where vegetation has not been present before.  The development of sand dune successions are termed Psammoseres

The sand is inhospitable for plant growth being:

· Dry

· Salty

· Lacking in plant nutrients

· and Unstable

Only highly specialised plants which have evolved strategies to grow in such an inhospitable environment are able to colonise i.e. pioneer species like marram grass.

Embryo Dunes 

These are the youngest, lowest and most scattered dunes of the system.  Being nearest the sea and low lying, these dunes are prone to easy removal by easterly winds and storms, and are often splashed by sea water.

This is the area to be first colonised by plants.  It is a hostile, saline environment where pH levels are 8-9.  Very few species can tolerate such conditions and 99% of the dune is bare sand.  

Marram grass, lyme grass and sea couch grass are some of the notable plants that can tolerate these conditions.  These plants entrap sand, stabilise the dune system and so encourage further growth of the dune around their roots and stems.
Foredunes

Twenty meters of so landward of the embryo dunes are the older, higher but still scattered foredunes.  They are more highly vegetated than the embryo dunes with a much lower percentage of bare sand.  Their more landward position creates a slightly less salty and more stable environment.  Marram grass can really take hold here and is a major dune building grass (Figure 5).

Marram is tall and robust (but flexible in the wind) and very effective at trapping sand by reducing the wind-speed at the surface. This remarkable grass is able to grow upwards through accumulating sand at rates of up to one metre a year.  This is due to the plants horizontal steams or rhizomes.   Thus, if there is a plentiful supply of sand from the beach, Marram will build up the sand to form highly mobile dunes.
The environment is still extremely stressful to plants and over large areas of the frontal dune ridge Marram is the dominant and only species present. Bare sand can clearly be seen between the clumps of Marram. 

The dead leaves of the Marram add organic matter to the soil which increases water-holding capacity and also breaks down to release plant nutrient. On the landward side of the frontal dunes the surface is more sheltered from the onshore winds and the effects of sea spray. More (still highly adapted) plants are able to colonise and the species diversity starts to increase. Good examples of these plants are Sea Holly, Sea Spurge and Sea Rocket .
East Dunes

Located around 300-400 meters from the sea the east dunes are highly vegetated with marram grass, brambles and rosebay willow herb.  The increased age and stability of this system is indicated by the appearance and gradual increase of ground moss and scrub.

The maturity and stability of this dune, compared with the foredunes and embryo dunes can also be seen in the reduction of soil pH, the content of the calcium carbonate and in the build up of soil organic matter (and thus soil moisture) which accompanies longer term colonisation by vegetation.

West Dunes

These dunes are the most landward.  They are also the oldest, most protected and most stable dunes.  Most typical of this dune is the establishment of a dense tree cover, for example sycamore.

Blowouts

Vegetation plays a major role in stabilising the surface of the dune sand by developing root systems, creating a layer of calm air immediately above the surface and adding organic matter which will also help to hold the sand together. If the vegetation is removed (for example by rabbit burrowing) this protection is gone. Strong winds can then pick up the sand and blow it elsewhere. A 'hole' is created in the surface of the dunes called a blowout .
Formation of blowouts is an entirely natural process in the dunes. The very highly specialised plants of the early stages of dune succession (such as Marram) are very susceptible to damage and strong winds are experienced at the coast. 

The sand surface of the blowout may eventually be recolonised by plants and 'heal' over or the blowout may continue to increase to an extremely large size.

Blowouts are most likely to occur near to the coast where there is less shelter from the strong onshore winds and the specialised vegetation at the early stages of succession is more fragile. Vegetation with a complete ground cover, high biomass and a well developed organic soil horizon is far less susceptible to damage and erosion.

Dune Slacks

Between some of the dune ridges are low-lying depressions known as dune slacks.  In summer these low-lying areas have their surface just above the fresh-water table but from October to April they are often covered by a rising water-level which submerges all the plants in those areas.  Such conditions encourage many plants to thrive including sea buckthorn.

Questions

9. What are Psammoseres?

10. Describe the conditions faced by the pioneer species in a sand dune ecosystem.

11. How do Embryo dunes form?

12. List three species of plants that may be found here.

13. Why is Marram grass described as the ‘major dune building grass’?

14.  What are blowouts and why do they occur?

15. Draw an annotated diagram to explain the plant succession of a sand dune ecosystem, include plant species found at each Seral stage.

