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CHAPTER 1: HUMANS AND FOREST DYNAMICS

1.1. Evolutionary dependence of human on forests
Humans and the Forest
Why the Science of Forest Ecology Developed
1 Forests were the evolutionary vessel in which was distilled the origins of the most remarkable of all animals: Homo sapiens  
2. Forests were the habitat of our earliest evolutionary ancestors and have remained an important part of the environment of most branches of the human family tree
3. The rise and fall of empires, the conquest of nations, and the political, economic, and military power of human societies have been intimately related to the accessibility of forests and/or forest products for most of our recent history
4. While modern Man is no longer truly a forest animal, humans still are, and probably always will remain, dependent on forests for a wide variety of the necessities of life.
Here, we shall: 
5. examine current human predicament 
6. review the evolution and population growth that led to the present circumstance
7. examine the history of our relationship to the forest, and the role that this relationship played in the development of forestry and forest ecology 
The problem of Human Population Growth

· Humans currently consume ca. 4.7 bill. m3 of wood / year from a total world forest growing stock of 340 bill. m3
· Plantations support only ca. 10% of the world’s industrial wood supply  the rest harvested from native forests
· With the anticipated growth in human numbers, demand for wood is expected to increase to 6.6 bill. m3 in 2025, an increase of 40%
· Most of the predicted increase in forest harvesting around the world is driven by human population growth
· Global average consumption of wood / person = 0.7 m3 / year
· With the current population growth, wood demand is increasing by about 2 m3 / sec., 120 m3 / min., 7,000 m3 / hr., 123,000 m3 / day and nearly 70 mill. m3 / year
· Over the next 20 years, the global wood demand is expected to increase by 84 mill. m3 / Year
· If this rate of increase in forest harvesting continues, the world is expected to face conditions of “timber famine” within the next 20 years
· This has already become a reality in Ethiopia (Table 1)
· Many people believe that with population growth and global deforestation continuing, and establishment of plantations lagging far behind the rate of forest depletion in developing countries, resource depletion will be one of the ultimate threats to the environment.
· Implication of population growth for global resources							
· It is reported that if present trends of population growth and resource depletion were to continue, the limits to population growth will be reached in lessn  we 
· than 100 years  most authors judge food to be the most important, ultimate limiting factor
· Some say that although it is technologically possible to solve individual problems (e.g. food, minerals, pollution and water supply), competition for economic resources will prevent this from happening
· Solution of the food problem  preemption of capital required for pollution & energy problems and vice versa
· use of land to solve the food production  removal of large areas of forests  “timber famine”
· political and social problems also limit the application of technology and capital, e.g. high expenditure on war
· even if vast increases in food production were achieved  no fuel for cooking  forest clearing for growing food would have eliminated the supply of domestic fuel wood
Generally, Human impacts on forests through the following.
 1. Patch agriculture - conversion of forests to crops
 2. Warfare ­ boats, siege equipment
 3. Grazing and fire for food production
 4. Permanent loss of forests			
 5. Loss of soil
 6. Deforestation to support metal production
· Reading assignment: Chapter 1 (Kimmins, 1987 or 1997)

· What is the meaning of all this to Forestry? 
· Seemingly inevitable doubling (to 12 bill.), possible tripling (to 17 bill.) and questionable quadrupling (to 23 bill.) of the present human population would place tremendous increased demands on the world’s forest resources.
· Growing competition for land between forestry and “agriculture” and between forestry and other land uses  forest areas will be greatly reduced
· In 1988, the total world area of closed forests = 2.9 bill. ha will be reduced by 170-200 mill. ha (by 2000, mostly in the tropics)  loss will rise to 600-700 mill. ha by 2025 (reduction of ca. 30% tropical forests)  deforestation rate of 37-43 ha / minute
· In addition, significant losses of commercial forest land to hydroelectric power dev’t, power lines, parks and env’tal protection areas, due to erosion resulting from poor-quality forest management  “timber famine” serious implications for human welfare
· The relentless growth in human numbers  successful forest management   based on thorough knowledge of ecology: “the science dealing with the relationship between living organisms and their total environment”
· The message from the foregoing discussion is clear  the world’s forests must be sustainably managed
Table 1. Trend and projection of demand and supply of wood in Ethiopia 

	Demand/Supply/Deficit
	1992
	2014


	WOOD*


	Demand
	47.5
	94.8

	Supply	
	14.4
	10.6

	Deficit	
	33.1
	84.2

	
	
	

	Fuelwood*


	Demand
	45.0
	89.0

	Supply		
	12.5
	

	Deficit		
	32.5
	


* million m3 solid over bark; Source: EFAP (1994)
1.2. Sustainability of forest ecosystems
· Sustainability: the rationale for ecology as the foundation for forest resource management
· “Resources should be developed and used to meet the needs for the present generation in a way that does not compromise with the ability of future generations to satisfy their needs”
· Fine words, good intentions and warm feelings are easy to come by  actually achieving our sustainability goals is difficult
· Reasons for the difficulty to sustain include:
· Lack of an accepted definition of “sustainability of forest ecosystems”
· Lack of adequate understanding about forest ecosystems by:
· The politicians who pass laws and (forest) policy makers
· The public
· Many of the foresters and forest engineers
· Lack of adequate ecological classification of forested landscapes
· Lack of the ability to predict the long-term ecological consequences of alternative ways of managing a particular forest ecosystem (ecologically-based computer models)
· Many of the other impediments are beyond the scope of ecological sciences: inadequate forest inventories, inappropriate forest tenure systems, lack of adequate control of forest harvesting and management and economic constraints
· The urgent need to be able to define, for any particular type of forest, the stand-level and landscape-level forest practices that will or will not sustain a given set of ecosystem conditions or values is the major justification for a sound understanding of the ecology of our forests 
· Without such definitions we do not know how to practice sustainable forestry and cannot predict the long-term consequences of our actions
· All resource managers and resource policy makers must acquire and use this knowledge if they are to satisfy the public’s vision for the future of our forests
· In the following sections we will discuss: 
1.3. Development of forestry and forest ecology
· Our dependence and impact on the forests of the world from our early evolutionary history until the present, and the historical patterns of development of forestry show that the past 6,000 years of cultural evolution has been molded to a considerable extent by the availability of wood, and that the self-induced shortages of forest resources have been our frequent companion
· Such shortages have often played a critical role in unfolding of world history and were instrumental in the development of the science, art and business of forestry
· Reading Assignment: Human Evolutionary Dependence on Forests & History of Human Impacts on Forests (Chapter 2, Kimmins, 1987, 1997)
· FORESTRY: the science, art, business and practice of conserving and managing forests and forest lands to provide a sustained supply of forest products, forest conditions or other forest values desired by the forest owner.
· A branch of human endeavor that has developed at various times in history and at various places in the world
· Developed in response to the loss, or anticipated loss, of forest values caused by unregulated forest exploitation
· Although details of the evolution of forestry has varied from century to century, there is generally a rather predictable sequence of stages (Table 2)
Table 2. Stages in the development of forestry
	
	Stage of Development
	Result


	Preforestry
	Exploitation
	Resource depletion

	
	


	

	Forestry Stage 1
	Administrative forestry
	Failure to achieve conservation & sustainability goals

	
	


	

	Forestry Stage 2
	Ecologically based forestry
	Sustained production of timber & other conventional products

	
	


	

	Forestry Stage 3
	Social forestry
	Ecologically based forestry that sustains a wide range of forest conditions and values desired by society




Generally, 3 levels of development can be distinguished roughly in the exploitation of forest,
i) the level of collecting and hunting
At this level man does not change the forest significantly through exploitation. Forest was simply considered as the habitat of prey and enemies, providence of life and limitless resources.  However, when world population increased,
ii) The level of universal exploitation with its degrading consequences for the forest reduction came to a picture.
At this level, exploitation with its degrading consequences, which in Central Europe lasted till approximately the beginning of the 19th century, and which still continues in many parts of the world, forests were used for many different purposes
· agricultural expansion to forest land
· supplier of construction like timber and energy sources
This period of exploitation was and still is nearly always destructive and degrading. It was at this level people started to develop forestry as a science. This brought about the 3rd level
iii) The level of sustained yield of forestry
This was when people fearing lack of wood and the resulting lack of energy consciously started recultivating cut forests ex. In Central Europe
· The role of forest ecology in the evolution of forestry is to provide:
(a) Knowledge of ecosystem components, functional processes and change over time.
(b) Systems by which to describe the ecological variability of forested landscape (ecological classification).
(c) Systems by which we can predict the response of ecosystems to natural and human-caused disturbances.
1.4. Ecophysiology of trees and forests
Ecophysiology (from Greek  oikos, "house(hold)"; , physis, "nature, origin"; and -logia), environmental physiology or physiological ecology is a biological discipline that studies the adaptation of an organism's physiology to environmental conditions. It is the branch of ecology that studies how organisms interact with their environment. 
For example, a study of how the presence of certain nutrients affects tree growth.
Example 1: Factors in Forest Growth
1.  Phenotypically plastic and have an impressive array of genes that aid in adapting to changing conditions. It is hypothesized that this large number of genes can be partly explained by plant species' need to adapt to a wider range of conditions.
2. Temperature
In response to extremes of temperature, plants can produce various proteins. These protect them from the damaging effects of ice formation and falling rates of enzyme catalysis at low temperatures, and from enzyme denaturation and increased photorespiration at high temperatures. As temperatures fall, production of antifreeze proteins and dehydrins increases. As temperatures rise, production of heat shock proteins increases. Metabolic imbalances associated with temperature extremes result in the build-up of reactive oxygen species, which can be countered by antioxidant systems. Infrared the importance of transpiration in keeping leaves cool.
Plants can avoid overheating by minimizing the amount of sunlight absorbed and by enhancing the cooling effects of wind and transpiration. Plants can reduce light absorption using reflective leaf hairs, scales, and waxes. 
3. Water
Too much or too little water can damage plants.	
a.  If there is too little water then,tissues will dehydrate and the plant may die. 
b. If the soil becomes waterlogged then the soil will become anoxic (low in oxygen), which can kill the roots of the plant.
· In very dry soil, plants close their stomata to reduce transpiration and prevent water loss.
· The plant tissues will dehydrate, resulting in a loss of turgor pressure that is visible as wilting. 
· closing their stomata, most plants can also respond to drought by altering their water potential (osmotic adjustment) and increasing root growth.
·  Plants that are adapted to dry environments (Xerophytes) have a range of more specialized mechanisms to maintain water and/or protect tissues when desiccation occurs.
· Waterlogging reduces the supply of oxygen to the roots and can kill a plant within days. Plants cannot avoid waterlogging, but many species overcome the lack of oxygen in the soil by transporting oxygen to the root from tissues that are not submerged. Species that are tolerant of waterlogging develop specialised roots near the soil surface and aerenchyma to allow the diffusion of oxygen from the shoot to the root. Roots that are not killed outrightmay also switch to less oxygen-hungry forms of cellular respiration.[8] Species that are frequently submerged have evolved more elaborate mechanisms that maintain root oxygen levels, such as the aerial roots seen in mangrove forests.
4. Wind
Wind has three very different effects on plants.
· It affects the exchanges of mass (water evaporation, CO2) and of energy (heat) between the plant and the atmosphere by renewing the air at the contact with the leaves (convection).
· It is sensed as signal driving a wind-acclimation syndrome by the plant known as thigmomorphogenesis, leading to modified growth and development and eventually to wind hardening.
· Its drag force can damage the plant (leaf abrasion, wind ruptures in branches and stems and windthrows and toppling in trees and lodging in crops). 
1.5. Ecology for forest management: Understanding forests and their behaviour
· Forest ecology: a practical means of dealing with problems of complexity
FOREST is a complex biological and physical system in which there is an enormous variety of interactions and interdependency among the different parts. In other words, forest is one of the basic physiognomic life forms by which biotic communities may be classified. Characterized by the predominance of woody vegetation substantially taller than humans, forests are wide spread on land surface in humid climates outside of the Polar Regions.
           As with all biotic community types, the forest may be defined at several levels. Most obviously, it may be considered simply in terms of the trees, those plants which give the community its characteristics physiognomy. Thus we think of Podocarpus forest, a Juniperus forest, or of other forest types, for which the naming of the predominant trees alone serves to classify the community.

      A second approach to the definition of the forest takes in to account the obvious interrelationships that exist between other organisms and the forest trees. Certain herbs or shrubs are commonly associated with a Podocarpus forest while others are concentrated in a Juniperus nearby. Similar interrelationships may be demonstrated for birds, mammals, arthropods, fungi, bacteria, and the like. The forest may be considered as an assemblage of plants and animals living in a biotic association, or biocoensis. The forest association, or forest community, then, is an assemblage of plants and animals living together in a common environment, and is thus a more explicit and narrowly defined unit than the forest type, which is defined on the basis of the trees only.
	A forest community exists in a physical environment component composed of atmosphere surrounding the aerial portions and the soil containing the subterranean portions. This environment is not static but rather is changing constantly due to the rotation of the earth, the fluctuations in solar radiation, the changing atmosphere, the weathering of the soil, and indeed the effects of the forest community itself up on both the local climate and the local soil. The forest community and its habitat together comprise an ecological system, ecosystem, or biogeocoenosis, in which the constitute organisms and their environments interact in vast and complex cycles of carbon, water, and nutrients.
· A forest is not merely a stand of trees but the total assemblage of:
(a) Trees
(b) The substrate on which they depend for support, nutrition and moisture
(c) The other plants which they interact in terms of mutual shelter, competition, benefit or antagonism
(d) The animals that feed on, shelter under or benefit the plants
(e) The micro-organisms that exert direct or indirect beneficial or antagonistic effects on the trees and other living organisms
(f) The soil and atmospheric climate, including fire and moisture, that influence distribution and abundance of all organisms in the forest
·  FAO has defined forest as land with tree crown cover (or equivalent stocking level) of more than 10% and area of more than 0.5 hectare. The trees should be able to reach a minimum height of 5 m at maturity in situ. Forests are further subdivided into plantations and natural forests. Natural forests are forests composed mainly of indigenous trees not deliberately planted.Plantations are forest stands established by planting or seeding, or both, in the process of afforestation or reforestation.
· As well as in February 2015 Ethiopia adopted a new forest definition as follows: 'Land spanning at least 0.5 ha covered by trees and bamboo), attaining a height of at least 2m and a canopy cover of at least 20% or trees with the potential to reach these thresholds in situ in due course‟ (Minutes of Forest sector management, MEFCC, Feb. 2015).

The forest is a complex biological and physical system in which there is enormous variety of interaction and interdependency among the different parts
· The complexity, interaction and interdependency have been expressed as follows:
Vegetation =f (soil, climate, parent material, topography, biota, time), and
Soil = f (vegetation, climate, parent material, topography, biota, time)
· Because of the complexity, attempts to predict vegetation or soil conditions in a region about which we have no knowledge of the factors on the right side of the equations will have a very low probability of success
· Herein lies both the justification and necessity for all foresters to have a working knowledge of both basic forest ecology and the ecological aspects of forestry
· Through knowledge and understanding of forest ecology and of the local conditions comes predictability of those forests
· Through predictability comes the selection of ecologically and economically rational objectives and the best methods of attaining them
CHAPTE TWO; ECOSYSTEM ECOLOGY
Forest Ecology

· The Biological Basis for Management of Forest Resources
· Ecosystem Ecology: The Forest as a Functional System
· Many people think of a forest as a stand of trees, but it is far more than that 
· As stated earlier, a forest is a complex, functional system of interacting and often interdependent biological, physical, and chemical components, the biological part of which has evolved to perpetuate itself through the production of new organic matter 
· From earliest evolution, humans have been interested in their environment as much for its functional characteristics as for any other attributes.
· Continuing this tradition, contemporary renewable-resource management is largely concerned with organic production and its manipulation through ecosystem modification
· Because of the importance of viewing any renewable resource as a system, and because of the preoccupation of renewable-resource management with ecosystem function, we consider first the nature of ecosystems, and then examine the two major aspects of ecosystem function: (1) energy capture, storage, and dynamics and (2) input into, circulation within, and loss of nutrient chemicals from ecosystems
2.1. The Science of Ecology and Its Historical Development
· Ecology is the branch of biological science concerned with the distribution abundance, and productivity of living organisms, and their interactions with each other and with their physical environment
· It has been given various definitions, including scientific natural history (Elton, 1927), the study of the structure and function of nature (Odum, 1971), and the scientific study of the interactions that determine the distribution and abundance of organisms (Krebs, 1978)
· The choice of definition is not critical as long as it is remembered that the focus of ecology is on the interrelationships between living organisms and both their biotic (living) and abiotic (nonliving) environment
As a scientific discipline, it is relatively young and lacks the large body of generally accepted principles and theories that characterise older discipline such as physics and chemistry. The history of ecology dates from about the turn of this century, but the historical roots of the subject are much older.
All animals, if they are to survive, must have an operational “knowledge” of those ecological relationships that affect them. The hunting success of early humans suggests that they must have known a lot about the behaviour, food requirements, and habitat of both their prey and animals that preyed on them. Following the Pleistocene extinction, knowledge of the plant ecology would have increased considerably as they changed from hunters to gathers. Further improvements in knowledge of life histories and of environmental tolerances and requirements would have followed the development of farming and the domestication of plants and animals. This knowledge was purely empirical, of course. The development of scientific observation and the recording of relationships between animals, plants, and the physical environment awaited the development of Egyptians and Greek cultures.
These early expressions of ecological awareness remained largely undeveloped for many centuries until the growing sophistication of agriculture led to an increase in practical knowledge of the relationships between plants and animals and between living organisms and their physical environment.
2.2. Sub-Divisions of Ecology & the Levels of Biological Organization 
· Figure 1.1. shows that almost all of the traditional sub-divisions of biology are concerned with levels of organization at or below the individual organism
· Ecology is concerned with:
· Individuals organisms in relation to other organisms and the non-living environment is called autecology
·  Groups of organisms of the same species (population) is population ecology
· Natural assemblages of populations of different species (communities) known as community ecology (population ecology + community ecology = synecology)
[bookmark: _Toc452127900]FOREST ECOLOGY is merely the application of general ecology to a specific type of ecosystem: the forest. It is, therefore, concerned with the forest as a biological community, with the interrelationships between the various trees and other organisms constituting the community, and with the interrelationship between organisms and the physical environment in which they exist. 
The Scope and role of Forest Ecology
The scope of forest ecology, then, may be defined as the analysis of the forest ecosystem. Such an analysis is facilitated first by the segregation of the ecosystem into its organic and inorganic aspects and then by consideration of forest communities and entire ecosystems.
The sequence of analysis is 
1) the forest tree, i.e., the variation, diversity, and life history of forest species
2) the forest environment (solar radiation, temperature, atmospheric moisture, climate, soil, the nutrient cycle, fire, site)
3) the forest ecosystem (animals, competition and survival, forest succession, disturbances effects, Spatial variation in the forest, analysis of forest ecosystems)
4) forest history
· The forest tree owes its appearance, rate of growth, and size, in part, to the environment in which it has grown throughout its life. 
Put in modern biological language as the following
· The phenotype, and the individual as it appears, is the product of the effect of the environment on its genotype, its individual hereditary constitution.      
· The Physical environment of the forest ecosystem together with biotic factors constitutes the habitat or site 
· The habitat, or site, as it is more commonly called in the case of trees, is the sum total of environmental conditions surrounding and available to the plant. 
· Autecology is the study of the environmental factors and their effects on plants constitute the field.
The forest ecosystem is consider, the forest site quality, as determined by the integration of individual site factors. The important roles of animals in the ecosystem are considered, and the forest community, its composition, and its competitive and dynamic relationships are described. The structure and composition of the forest community change from time to time and from place to place. 
Dynamic plant ecology, emphasising forest succession, is concerned with changes in time, 
Synecology, referring to the study of biotic communities and interaction of the organisms, which compose them, thus one must ultimately deal with the ecosystem in emphasising the interdependence and causal relationships of plants and animals in their physical environment. 
· ecosystem ecology: Entire natural systems composed of communities and their physical environment (ecosystems) 
2.3. The Ecosystem Concept
· The central concept of ecology and the biologically rational management of forest resources
· The term ecosystem was first coined by Tansley (1935), an English ecologist, who defined it as including “not only the organism-complex, but the whole complex of physical factors forming what we call the environment”
· Since then several alternative definitions have been proposed, among which the one by Odum (1971) is more explicit:
“Any unit that includes all of the organisms (i.e., the community) in a given area interacting with the physical environment so that a flow of energy leads to a clearly defined trophic structure, biotic diversity, and material cycles (i.e., exchange of materials between living and nonliving parts within the system) is an ecological system or ecosystem”
· From the definitions given, five major attributes can be identified:
1. Structure
· Ecosystems are made up of biotic and abiotic components: 
· at the very least, a terrestrial ecosystem must have green plants, a substrate and an atmosphere
· in most ecosystems there must be an appropriate mixture of plants, animals, and microbes if the ecosystem is to function
· Terrestrial ecosystems normally consist of a complex biotic community, together with soil and atmosphere, a source of energy (generally the sun) and a supply of water
2.	Function
· The constant exchange of matter and energy between the physical environment and the living community
· Because living and nonliving things are both composed of energy and matter, and because it is often difficult to define when organic material is alive and when it is dead, there are considerable advantages in looking at an ecosystem in terms of a physical-chemical entity
· Within this entity there is a constant exchange of matter and energy between different components, some of which have the characteristics of life and some of which do not
3. Complexity
· Resulting from the high level of biological integration that is inherent in an ecosystem
· All events and conditions in ecosystems are multiply determined  therefore difficult to predict without a considerable knowledge of the structure and functional processes of the system
4. Interaction and interdependency
· Socomplete is the interconnectedness of the various living and nonliving components of the ecosystem that a change in any one will result in a subsequent change in almost all the others  
5.  Temporal Change
· Ecosystems are not static,  unchanging systems
· In addition to the continuous exchanges of matter and energy, the entire structure and function of an ecosystem undergoes change over time
6. The attribute of no inherent definition of spatial dimensions.
An individual organism is a tangible (touchable) entity (thing). It has a clearly defined physical size. Populations and communities are also spatially defined entities, although their size may sometimes be rather difficult to define. A flock of birds or a school of fish constitutes easily identifiable populations, but their spatial boundaries may be difficult to establish because the space they occupy may change periodically. Therefore, the term ecosystem, focuses on the structure, the complexity of organization, the interaction and interdependency, and the functioning of the system, and not on the geographical boundaries of the system.
· The importance of the ecosystem concept lies inits explicit recognition of complexity, interaction and functional processes
Its weakness lies in the difficulty of using the concept for the identification, mapping, description and study of specific ecosystems because of its failure to define theirphysical boundaries
· An alternative to the term ecosystemis the Russian term biogeocoenose (bio,the biotic community; geo, the abiotic environment; and coenose, the whole or system).
Similarities between Ecology and Ecosystem
· Both ecology and ecosystem describe the relationship and interactions of the living organisms with each other and their surrounding environment.
· These relationships and interactions with each other fulfill their basic requirements of life like food, nutrients, water, and residence. 
Difference between Ecology and Ecosystem
Ecology: Ecology is a branch of biology which deals with the relationships of organisms to one another and to their physical environment.
Ecosystem: Ecosystem is a community of interacting organisms and their physical environment.
The Levels of Biological integration Concept
· The relationship of the organism with their environment can be considered at various levels.
· How the particular component of the environment (as light, water or nutrient) affects a living cell or a particular organ or the whole individual or a group of individuals.
· The hierarchical complexity in the structural organisation among organisms has been visualised as a biological spectrum.
· Ecology is concerned with populations, communities and ecosystems. 
· As the boundaries between brands of two colours in the spectrum cannot be strictly demarcated, the levels of structural organization also cannot be delimited because of functional integration. 
· For example, the functions of an organism cannot be understood by simply summing up the functions of all its organs. 
· Just as the existence of a living tissue or an organ cannot be possible without the organism, the organism cannot be separated for long from its population or the population cannot exist indefinitely outside its community, and the community cannot exist without its physical environment.
· A true level of biological integration has been defined as one that is the total environment of all the levels of biological organization below and a structural and functional component of the next level above. 
· For example, the future development of a cell cannot be predicted merely from knowledge of the tissue that it is found in, nor of the organ in which the tissue is located.  
· Only by knowing the physiological condition of the entire organism can a reliable prediction be made concerning all aspects of any one cell in that organism. 
· An organism is, therefore, the next true level of integration above a cell. 
· The fate of an individual organism cannot be predicted on the basis of knowledge of the population to which it belongs, nor from understanding of the biotic components of the community to which that population belongs. 
· Only on the basis of knowledge of the ecosystem will all the relevant antecedents affecting that individual be identified and considered and a reliable prediction concerning that individual be obtained. 
· Ecosystem is the only true level of biological integration above the individual.
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Figure 1. The spectrum of biological organization and the scope of ecology or environmental biology.

· The importance of this conclusion for ecology and forest management is that it points out the danger of trying to predict population or community events and conditions on the basis of knowledge about these levels of organization alone. 
· This in no way denies the values of population and community ecology. 
· It is vital that processes occurring at the population and community levels be understood. 
· However, multiply determined events in ecosystems cannot be accurately predicted on the basis of causal mechanisms hypothesized from studies conducted exclusively at the population or community level.  
· For example, predictions as to the future growth of a juniper plantation will not be very reliable if they are based only on a knowledge, of the inherent growth abilities of this species, how the trees compete with each other, and their susceptibility to natural diseases and enemies.  
· A knowledge of the other plants, animals, and microbes that enhance or impede the growth of the plantation will improve the prediction somewhat, but only a recognition of the entire variety of biotic, climatic, hydrologic, and edaphic (soil) factors affecting that population of juniper trees is sufficient to give completely reliable predictions as to their future.  

Chapter Three: Production Ecology
Introduction
3.1. Sources of Energy for Living Organisms
· Energy is what life is all about, and everything about life is associated with energy: “organisms are accumulations of energy”
· All organisms require a source of energy  to reproduce they require growth, to grow they require new energy, to acquire new energy they must do work, and to do work they must expend energy
· The study of the energy relationships (inputs, storage, transfer and outputs) of ecosystems is called production ecology
· The origins of life on earth are thought to have resulted from the action of solar energy on the simple inorganic chemicals that were present on the sterile surface of the young planet 
· Organic molecules were produced that grew and replicated themselves by coalescing with and using some of the chemical bond energy contained in other such molecules 
· Different combinations of molecules resulted, and eventually pigments evolved that had the characteristic of absorbing solar radiation
· This was stored as chemical bond energy by synthesizing additional complex organic molecules from simple inorganic substances in the environment 
· The manager of an electrical power station would be foolish to try to run the factory without a knowledge of electricity 
· Similarly, ecologists and ecosystem managers (e.g., foresters, agriculturists, wildlife and fisheries managers) are unlikely to achieve their desired management objectives unless they are familiar with the distribution and movements of energy that are responsible for the character and productivity of the ecosystems under their management so,
· Maximization of forest growth requires the maximization of energy capture and the minimization of energy losses from trees.
· High production of fish requires knowledge of where they get their energy from, what affects the supply and its utilization, and what limit, the storage of this energy in fish biomass
· Wildlife management requires a detailed understanding of energy flow in wildlife populations
· All three of these crops are the result of the processes of production ecology (ecological energetics) and their management inevitably involves the manipulation of these processes
· Energy is the driving force of ecosystems to physiology, anatomy, stature, abundance, behavior, distribution, and ecological role of individual organisms are largely determined by the manner in which they satisfy their energy requirements
· Understanding an ecosystem requires:
(1) recognition that functional organization is largely a matter of energy transfers and storage
(2) appreciation of the pathways and magnitude of energy transfers and 
(3) identification of the factors that determine the storage and dynamics of energy within and between various components of the system 
3.1.1. The Transfer and Storage of Energy in Ecosystems
· Organisms have been broadly grouped into functional trophic categories, based on their sources of energy, as follows:
1. Autotrophic (=self-feeding), Producers or Primary Producers: organisms that utilize energy sources that are independent of the activities of other organisms, energy that is available in completely abiotic environments
1.1. Photoautotrophs:utilize a portion of the energy from the sun (sunlight) in the process of photosynthesis.  This process depends on chlorophyll pigments, which are capable of absorbing certain wavelengths of solar radiation and converting them into the chemical energy of glucose. All green plants are photoautotrophs 
1.2. Chemoautotrophs:obtain their energy from simple inorganic chemicals: e.g., by oxidizing sulfide ions to free sulfur, sulfur to sulfate ions, ammonium ions to free nitrogen gas (N2) or nitrite ions, and nitrite ions to nitrate ions, each oxidation being accompanied by a release of energy
The contribution of chemoautotrophs to total forest ecosystem energy flow is generally minor.  However, their ecological role goes beyond their energy relationships because some of the oxidation products have important environmental effects.  
· For example, sulfur oxidizing bacteria can lead to the production of sulfuric acid and hence acidity in aquatic ecosystems
· Conversion of ammonium ions to nitrate ions can increase the leaching of nitrogen from the soil into water bodies.
2. Heterotrophic(= feeding on others) or Consumers: organisms that are unable to utilize either sunlight or inorganic chemical energy. They are dependent on energy obtained by oxidizing high-energy organic molecules such as carbohydrates, fats, and proteins synthesized by autotrophs

2.1. Herbivores(primary consumers) or Primary Consumers: utilize the energy contained in the organic matter of plants; that is, they are consumers of green plants
2.2. Carnivores(secondary, tertiary or higher-order consumers): utilize the energy contained in the organic matter of animals.  Primary carnivores (secondary consumers) solve their energy needs by eating herbivores, secondary carnivores (tertiary consumers) by eating primary carnivores, and so on
2.3. Omnivores: utilize the energy contained in both plants and animals.  Their diet will vary according to circumstance, and at any one time an omnivore may behave as either a herbivore or a carnivore. Humans are omnivores
2.4. Saprotrophs(decomposers, detrivores, or detritus-feeders): utilize the energy contained in dead organic matter of either plant or animal origin.  Those that depend on dead plant materials or the feces of herbivores (including organisms living in the alimentary canal of herbivores) are analogous to herbivores, while those that depend on dead animals or the feces of carnivores (including organisms living in the alimentary canal of carnivores) are analogous to carnivores.
3.2. Trophic Chains and Webs, Ecological Pyramids, and Energy Flow Diagrams
Trophic Chains
There are highly ordered sequences of energy or trophic (e.g., food) dependencies within an ecosystem. Each organism obtains the energy it requires for survival, growth, and reproduction in a manner characteristic of that species. The supply will be from a particular physical source or from a particular type of organism, and each organism is in turn the energy supply for some other organism. These characteristic sequences of energy transfers are referred to as food chains or trophic chains. Sequences that involve autotroph  herbivore  carnivore energy transfers are referred to asgrazing trophic chains.
· Trophic chains commencing with dead organic matter and involving saprotrophs are referred to as decomposer or detritus trophic chains
· The successive stages along a trophic chain are called trophic levels
Trophic Webs
· Most plants are fed on by a variety of herbivores, and most herbivores feed on a variety of plants (except in those cases where co-evolution has resulted in very high herbivore-plant specificity)
· Most herbivores are also prey to a variety of carnivores 
· Thus, trophic chains are but components of an intricate network or webof trophic dependencies: trophic webs
Ecological Pyramids
· Ecological Pyramids: Trophic web represented as a series of stages or trophic levels in the transfer of energy through the system
A.  Pyramid of numbers 
· The simplest type of ecological pyramid with a pile of rectangles representing successive trophic levels in the trophic web, with the area of each rectangle proportional to the number of organisms in the corresponding trophic level (see Figure)
E.g. pyramid of number
							Trophic level2

	                     2                      			 20 carnivores
   100                      

					 10 carnivores
          5000

			  Herbivores
                  1 600 0000

						  Producers

B.  Pyramid of biomass 
· This type of pyramid differs from the pyramid of numbers in that the areas of the rectangles is proportional to the biomass or weight of organisms occupying each trophic level (see Figure)
· By accounting for size, the biomass pyramid gives a more accurate picture of the distribution of energy through the ecosystem
· This facilitates comparison of the biomass present in different trophic levels and in different types of ecosystem
· Although the biomass pyramid tells us a lot about the inventory of an ecosystem, it tells us little about productivity 
							Trophic level2

	                     2                      			 20 carnivores
   50                      

					 10 carnivores
          150

			  Herbivores
                                                                                       Producers                        400


		Pyramid of biomass
C. Energy flow pyramid 
· The problems with the numbers and biomass pyramids can be overcome if we make the area of each rectangle proportional to the flow of energy through that trophic level 
· This type of pyramid should always be upright because of the second law of thermodynamics
· The loss of energy as it is transferred from one trophic level to the next means that there can never be more energy flow at any trophic level than at the next lower level.
· Burt even the energy flow pyramid fails to give a complete description of ecological energetic
[bookmark: _Toc452127905]The combination of energy and biomass pyramids is essential for an understanding of ecosystem energetic and the combination of all types give complete information. Unfortunately, there have been few studies in which all three types of information have been obtained. 
3.3. Energy Dynamics and Storage in Ecosystem
· The productivity of ecosystems (i.e. the sum of the productivities of the component trophic levels) is determined by the efficiency, with which energy enters and is passed through the trophic web. 
· Forestry, wildlife, fisheries, and agricultural management are all concerned with production, productivity, and the harvestable quantity of energy. 
· Successful management of organic production involves the correct choice of species, and this is in turn involves a knowledge of the relative efficiencies with which different species acquire and store energy under particular environmental conditions.
· On dry and infertile soils, pines will harvest sunlight energy more efficiently than spruces, and sheep are more efficient than cows at harvesting producer energy under marginal conditions.
· In the following sections, we examine the biomass and productivity of different trophic levels and the efficiency with which energy passes between them.
· The terms crops, standing crop, and yield are widely used in resource management. They are of less value to ecology, however, since they are not based on stable definitions and are subject to change according to technological and economic changes.
Terminology Used in Production Ecology
· Crop: the total volume or weight of material that can be removed from a given area over a given period: 
· Standing Crop: the weight or volume of material that can be sampled or harvested by a particular method from a given area at a particular time.  Crop and standing crop are the same at the time of harvest
· Yield: the average rate of accumulation of harvestable material: crop divided by the period of crop production.
In terms of forest management, yield is the factor of greatest long-term interest because it determines the return on investment – essential information for production forestry
Equivalent terms used in ecology:
· Production (analogous to crop): describes the increase in total weight (biomass) or quantity of organic material on a given area over a defined period
It includes not only the increased quantity of material remaining on the area at the end of the time period, but also material that was produced and subsequently lost before the end of the period 
Thus, production is equal to the crop plus the non-harvested and non-harvestable organic material produced over the period, plus losses to other populations, trophic level, or ecosystems, as appropriate
· Biomass(analogous to standing crop): refers to the total weight of organic material in a population, a trophic level, or an ecosystem in a given area at any point in time.  
· Productivity: the production per unit area per unit time, and is, therefore, analogous to yield. 
Production Ecology at the Primary Producer Level
(1) Inputs
(A) Photosynthesis
The rate of primary production is therefore of great to both ecologists and ecosystem managers. The efficiency with which solar energy enters ecosystem is referred to as the photosynthetic efficiency expressed as a %). 
· Photosynthetic efficiency: The efficiency with which solar energy enters ecosystems, expressed as:
Production x 100
________________
Incident radiant energy
· Maximum net use of sunlight is achieved at a leaf area index (the projected leaf surface area per unit of ground surface area) 
Photosynthesis efficiencies have been calculated for a wide variety of ecosystems. Values are generally small (1-5 %) and surprisingly invariable in ecosystems that have a continuous plant community.
· Much higher efficiencies are attained over short periods when optimum conditions prevail, and efficiency increases as light intensity drops, approaching 20 % at very low intensities under laboratory conditions.
· It also varies with leaf morphology and orientation; leaves that have developed in the shade are generally more efficient at lower light intensities than leaves that have developed in full sunlight.  
(2) Losses
(a) Respiration: energy used up during growth and maintenance
According to the second law of thermodynamics, some of the energy of photosynthesis is used up during growing and maintenance, a process of energy loss referred to as respiration.
Respiratory losses in plant communities vary from as little as 15 %to more than 90 % (as show on Table below), but the results of a wide range of studies suggest that, in general, autotrophic respiration accounts for about 30-40 % of autotrophic gross production.
Table: Loss of gross primary production to Respiration in various Different Terrestrial Ecosystems, (after Kimmins 1987)
	Ecosystem
	Loss of gross primary production to Respiration, %
	Net production efficiency Net production/gross production *100, %

	Abandoned field
Cornfield
Alfalfa
Scotch  Pine plantation
Oak-pine forest
Tropical rainforest
450-year-old Douglas-fir forest

	15
23
38
39
55
71
93
	85
77
62
61
45
29
7



· The temperature of the environment (especially nighttime temperature) and the size, rate of growth, and physiological condition of plants (metabolic rates) influence plant respiratory losses.
· The rate of growth and biomass accumulation of individual plants are in turn dependent on respiration losses, which will affect the competitive status of the plant in the community.
· Respiration losses at the primary producer level appear to increase as one moves from polar toward tropical latitudes, presumably because of increasing temperature.
· As a result, net primary production (NPP) in the tropics may not be very much greater than in temperate areas in spite of the higher gross production in the tropics.
Lower gross production in higher elevations or more northerly areas is partly offset by reduced respiration losses, particularly during the cool nights that are characteristic of these areas.
(b) Consumption by Herbivores
The extent to which plants are consumed by herbivores varies greatly between different types of ecosystem.
· In grassland, for example, a very high percentage of the aboveground plant biomass and the NPP is palatable, digestible, and within the reach of herbivores.
· In the forests, on the other hand, the foliage is a much smaller proportion of NPP, the rest being woody tissues that are little used by herbivores.
· Grassland plants experience between 28 and 60 % loss of NPP to herbivores, while in forests only about 5-10 % can average of  8 % is given (Bay 1961, 1964) of the foliage is consumed.
· The importance of herbivores in the dynamics of energy is illustrated by some recent estimates of the consumption of NPP by termites and its conversion to CH4, CO2, and hydrogen gas (Zimmerman et al., 1982).
· Termites are exceedingly abundant in the tropical and subtropical areas of the world where they consume an estimated 37 % of the NPP (this is equal to 28 % of the world’s terrestrial NPP).
· Outbreak of defoliating insects is also other dynamic of energy ecosystem by herbivores.
· Forester and farmers are concerned with harvesting net primary production, either directly or via some desired species of herbivore.
The growth of the vast pesticide industry over the past years reflects our desire to prevent the energy of primary production from flowing to members of the secondary tropic levels other than domestic herbivores or ourselves.
· Transfer of energy from plants to herbivores may be considered undesirable in some ecosystems (e.g. in forests managed for timber production) or desirable in others (e.g. in pastures managed for raising animals)
(c) Above-ground Litterfall
· With the exception of heavy exploitation by herbivores during periods of high population, the greatest loss of forest NPP is by litterfall: the regular annual transfer of living plant material to the non-living organic matter of the forest floor and mineral soil
· Leaves are the major components of aboveground litterfall, but also other components, e.g. bark (Eucalyptus forests)
· Plant litterfall is obviously of less significance in ecosystems such as oceans and grasslands, in which much of the NPP is consumed by herbivores, but in many terrestrial ecosystems it is the major pathway of energy flow beyond the producer level.
· The annual quantity of aboveground litterfall obviously depends heavily on the proportion of the foliage biomass that dies each year; the longer the foliage retention, the less the quantity of leaf litterfall.
· Both total aboveground litterfall and leaf litterfall of forest increase from Polar Regions toward the equator.
· Stand density, on the other hand, appears to make little difference.
· Litterfall occurs either seasonally or continuously.
· Litterfall is a very important parameter of energy flow. Its magnitude influences the proportion of the net primary productivity that is stored as permanent biomass. It is also the supply of energy to the detritus web.
(d) Below-ground “litterfall: Death of Fine Roots
(3) Net Productivity and Biomass
· Productivity is generally reported in terms of the weight, volume or energy content of the NPPper hectare per year.
· Net Primary productivity of a given type of vegetation generally increase as:
· from temperate to tropical area
· from drier habitat to wetter habitat (climatic)
· maximum in semiterrestrial ecosystems
· declines in excessively wet land
· declines into larger bodies of water
· Forests generally exhibit productivity’s comparable to, if slightly lower than, agriculture. This is a rather surprising fact considering that forests tend to be located on less fertile sites in more severe climates than agricultural crops, and receive far fewer aid to production (fertiliser, insecticide)
· Most productivity of forests are based on the aboveground data, or if they includes roots, they refer only to the large roots.
· There are relatively few really detailed studies of the energetic of a forest ecosystem. Gathering the necessary data is expensive and laborious.
· The average productivity per ha of the world’s forests is more than four times as great as the average productivity for the whole world, more than twice the agricultural land average, and almost twice the terrestrial average.
· Although forests account for only 11 and 38 % of the entire surface of the earth and the land surface, respectively, they account for 47 and 71 % of the world and the terrestrial net primary production, respectively, and about 93 % of both the world the terrestrial producer biomass
· These data emphasis the very important role that the world’s forest play in global ecology, and stress the need for concern over global deforestation, which is estimated to be occurring at a net rate of about 25-35 min-1
(4) Distribution of Biomass B/n Different Parts of Plants
· The relative distribution of biomass between below-ground and above-ground organs and between stem and reproductive organs is of great concern to farmers growing such crops as potatoes and corn
· Similarly, the relative distribution of tree biomass between roots, stems, branches, and foliage is of more than academic interest to foresters
· High productivity has little economic value if it is allocated to a non-marketable part of the plant
· Where forest harvesting is changing from the conventional utilization of only the larger parts of the stem to the utilization of the “whole tree" (all above-ground biomass) or even the "complete tee" (all biomass, including roots), the distribution between crowns, stems, and roots may be less important
· Nevertheless, because of different end uses for, and value of, bark, wood, branches, foliage, and rots, it is still important to know the distribution of biomass between these components in a completely harvested crop
· Such knowledge is also needed for the design of efficient harvesting equipment and processing techniques, and the advanced planning for post-harvest slash disposal
Concentration of energy in plant parts
Plants do not store energy at the same concentration in all tissues, and different plant species vary in the concentration of energy in comparable biomass components. Within community, the concentration of energy is lowest in woody and leaf material and highest in plant seeds, with animal tissue, generally being intermediate. Tropical plant communities have lower values than plants from more northerly communities, and there is a steady increase in energy concentration in plant tissue from the tropics to alpine communities along a gradient of decreasing available growing season.
Production Ecology at Consumer Trophic Level
· Energy flow above the primary producer level is influenced by several factors:
· Efficiency with which food resources are exploited
· Efficiency of digestion
· Loss of energy in respiration
(1) Herbivores: 
· The utilization of vegetation by herbivores is determined by the palatability, nutritional quality, and physical availability of the plants to the herbivores, and by the abundance of the herbivores.
· Levels of utilization that are sufficiently high to significantly reduce subsequent primary productivity are usual.
· The ratio of plant net production to plant biomass is often used as a measure of the availability of plant production to herbivores, since it reflects the relative allocation of production between woody and non-woody tissues.
· Production/biomass (P/B) ratios for a number of ecosystem, reveals that there is a close parallel between P/B ratios and consumption of net primary production by herbivores.
· Agricultural ecosystems have the highest P/B value for terrestrial ecosystems. A tribute to the success of agricultural management in promoting energy flow from plants to consumers (human beings or domestic animals).
· Ingestion of plants by herbivore doesn’t necessarily constitute a transfer of energy from producers to primary consumers. Not all ingested plant biomass can be digested and assimilated by herbivores.
(2) Carnivores
The amount of energy diminishes rapidly as one proceeds along a trophic chain; so does our knowledge of that energy flow. We know a lot about energy at the primary producer level and quite a lot about the herbivore level, but relatively little is known about energy flow at the secondary consumer level and above.
This is partly because agriculture and forestry have not considered carnivores to be commercial species. It is also because there are fewer carnivores than herbivores and they are frequently difficult to study.
The assimilation efficiency of carnivores is generally higher than that of herbivores. Much of the plant material ingested by the latter is lignin and cellulose, which are often inefficiently used.
(3) Saprotrophs: decomposition of organic matter
3.4. Carbon Allocation and Storage in Forests
(1) Carbon Allocation
· Greater carbon allocation to fine roots in forests where there is poor tree nutrition (inadequate nutrients) due to lack of moisture
· Lack of moisture  reduced quality and quantity of litterfall 
·  reduced nutrient availability  reduced abundance of soil organisms
·  reduced litter decomposition and soil mixing 
·  slowly decomposing, acidic, fungal-dominated forest floor with lower rates of nutrient mineralization 
·  poor tree nutrition GREATER ALLOCATION TO FINE ROOTS
(2) Carbon Storage
· Forests constitute a major storage of carbon (uncertainty on the data concerning global carbon uptake by, storage in and release from forests)
· Globally, forests account for c1146 billion tons of carbon:
· 37% at low latitudes (tropical & subtropical forests)
· 14% in mid-latitudes and
· 49% at high latitudes
· Over two-thirds is in soils and peat deposits
· Some of the carbon in forests is accumulated in standing dead trees (snags) and decaying logs (coarse woody debris = CWD) on the ground
· Tropical deforestation  a net release of ca. 1.6 billion tons of carbon / yearrelease of CO2 (“green house gas”)  “Global Warming”
· Balance between release of CO2 from forests by fire, decomposition as well as respiration and CO2 uptake by photosynthesis  one of the factors that determines levels of CO2 in the atmosphere
· A lot more research required to gain an accurate understanding of how the carbon storage in forests is affected by natural disturbance, forest management and land use change
3.5. Effects of Forest Management on Energy in the Forest Ecosystem
· Forest management generally involves the production of a crop, and is, therefore, concerned with energy flow and storage
· Many management practices influence energy in the forest, but this discussion will be limited to a consideration of the effects of clearcutting.
· Clearcutting: 
· removal of the entire standing crop
· complete cutting
· silvicultural system in which the old crop is cleared over a considerable area at one time
· removal of all of the trees on the logged area at one harvest over an area large enough to remove the “forest influence” from more than 50% of the harvested area
A.	Redistribution of Forest Biomass
· When a forest is clearcut, there are several important changes in the distribution of energy and the pathways of energy flow
· First, by removing the overstory canopy, the entry of energy into the ecosystem by photosynthesis is more or less eliminated
· Second, there is the potential for a large increase in the energy flow through the detritus food web  depending on the type of harvesting, variable quantities of tree biomass (slash) are deposited on the ground
B. Changes in Detritus Food Web Energy Flow
· Following clearcutting there is characteristically a period of relatively rapid reduction in the thickness and biomass of the forest floor
· This loss is partly due to the termination of litterfall inputs and partly to the accelerated decomposition that results from an increase in the flow of energy through the detritus food web
· Increased detritus energy flow following clearcutting is the combined result of both increases in the quantity of decomposable organic matter and changes in the condition of the forest floor
· Daytime temperatures in the forest floor are warmer than before logging because of the removal of tree shade, and there is no longer any phenolic-compound-rich throughfall from the overstory that can inhibit decomposer organisms
· Cutting of trees results in the: 
· breakdown of mycorrhizal relationships
· reduction in the mycorrhizal fungi and 
· increase in the activity of free-living saprotrophs
· The extent to which energy flow increases in detritus food webs following clearcutting depends upon the effects of the clearcutting on several factors 
Water
· Optimum conditions for microbial activity occur at 50% soil water-holding capacity
· Excess moisture limits activity because of poor aeration, while decomposer organisms become inactive at low moisture levels
· Clearcutting can reduce the rate of decomposition in hot, dry climates or where the clearcutting leads to soil waterlogging
· Minimum and maximum water contents for active decomposition are 5 and 80%, respectively
· When logs and forest floors become dry decomposition becomes very low
Temperature
· Extreme temperatures limit decomposer activity, and in areas with cold soils clearcutting will increase detritus energy flow by raising soil temperatures
· Conversely, in areas with hot summers clearcutting can decrease decomposition by raising surface and/or slash temperatures to lethal levels
· Minimum and maximum temperatures for decomposition are usually 2 and 40 C, respectively
· However, in some environments (e.g., below the snow in sub-alpine forests) decomposition may be quite active at about O C
Aeration
· Maximum decomposer activity requires good aeration to supply 02 and prevent toxic accumulations of CO2
· Where the activity of N-fixing bacteria plays a role in decomposition, exchange of N2 may also be important
· Where harvesting causes soil compaction and/or waterlogging, anaerobic conditions may be created which reduce decomposition
pH
· Low pH encourages fungal activity whereas bacteria are important in decomposition under less acidic conditions
· Extreme pH values limit all decomposer activity; minimum and maximum values of pH for biological decomposition are about 4 and 10, respectively
· Forest floor pH usually increases after clearcutting as a result of the release of divalent cations by the process of mineralization
Litter quality 
· Utilization of the energy in the forest floor requires that the microbes have access to an adequate supply of nutrients
· Loss of forest floor biomass and depth following clearcutting can have several effects on the ecosystem (both + & - ):
· The water and nutrient storage capacity of the forest floor may be reduced, which can be undesirable in hot, dry climates and for infertile sites (-), but desirable for cold mineral soils (+) 
· 0n sites where the forest floor has adverse chemical properties or where deep layers of low bulk density material pose problems for regeneration (because it dries rapidly in the summer), the reduction in depth may favor the re-establishment of a tree crop (+)
· As the pioneer plant community re-establishes a foliage canopy, the entry of energy into the ecosystem is restored
· This re-establishes litterfall inputs to the forest floor, much of which decomposes rapidly 
· As a tree canopy develop, and succession proceeds, the type of litterfall changes, mycorrhizal fungi begin to dominate the soil microflora, and decomposition rates slowly return to pre-logging values
· Replanting the area obviously influences both the speed with which these changes occur and the type of litter inputs to the forest floor
C.	Changes in Grazing Food Web Energy Flow
· Accompanying the increase in detritus food web energy flow, there is a reduction in grazing food web energy flow
· The degree of reduction is proportional to the reduction in usable and accessible living plant biomass
· Where all living plants are eliminated, so is the grazing food web
· However, clearcuts often leave advanced regeneration intact, and the shrubs and herbs in the understory often respond rapidly to the increased availability of light, moisture, and nutrients
· Coupled with the invasion of pioneer herbs and shrubs of early successions, this rapidly re-establishes the grazing food web, often at a higher level of energy flow than pre-logging 
· The greater physical accessibility, palatability, and nutritive value of the early seral vegetation can result in more diverse, abundant, and productive animal communities in clearcuts than in the original uncut forest, as long as the animals' requirements for shelter and winter range are satisfied









CHAPTER 4: BIOGEOCHEMISTRY
INTRODUCTION
 I. Biogeochemistry: the study of the accumulation, storage, transfer, recycling, distribution, and dynamics of mineral nutrients in ecosystems. Nutrient activity is closely linked to organic matter activity and energy flow, thus to productivity.
 II. Types of Cycles:
 A. Geochemical cycles:exchanges of chemicals between ecosystems - marine sediments to land, streamflow transport, CO2 transport across ecosystems
 B. Biogeochemical cycles: transfers and exchanges of chemicals within an ecosystem - litter decomposition, foliar leaching, retention and accumulation of nutrients in an ecosystem&redistribution of minerals within an individual organism - nutrient redistribution before litter fall, during fruit and seed development, before dormancy.
4.1. Nutrients found in plants 
A. Essential nutrients
1. Macronutrients C, H, 0, P, K, S, Ca, Fe, Mg
 2. Micronutrients B, Zn, Mo, Mn, Cu (Cl, Si, Co, etc)
 B. Other - U, Au, Na, etc
C. Acquisition of nutrients
1. Root exploration of the soil solution.
a. Selective absorption.
b. Concentration many fold above soil solution.
 D. Nutrient deficiencies 
Deficiencies result in decreased growth or reproductive, performance. There is a relationship between concentration in the foliage and growth - designated as deficiency, transition, adequate, and luxury
E. Forest Nutrition
Forests generally occur on infertile soils. Most forests adapt to this by phased allocation of nutrients during the season (e.g. allocation to expanding buds in the spring and cambial growth latter), pulsing high demand activity (e.g. "mast" years of seed production), and frugal recovery of minerals before litter fall. Nutrient requirements vary between forest types, e.g. pines are generally more tolerant of infertile soils than hardwoods (pines on ridges and hardwoods in valleys), some species are calcium dependent and some avoid calcium soils, some species prefer acid soils and others neutral soils
III. Herbivore nutrition
Most grazers selectively consume the most nutritious plant parts, organic nitrogen (protein) is more important for most herbivores than carbohydrate, plant parts and species differ in palatability, herbivores differ in mineral requirements ruminants (e.g. cattle) are much more efficient than no ruminants (e.g. horses), animal distribution is controlled by plant distribution, animal - plant ecological relationships e.g. White bark pine and grizzly bears, lodge pole pine and squirrels.
4.2. THE GEOCHEMICAL CYCLE	
Nutrient Cycling between Ecosystems
Although the term "cycle" implies a return to the place of origin, "returns" between ecosystems may occur only at geologic time intervals, if at all. This section considers the circulation of minerals at the global ecosystem level.
I. Gaseous cycles
C, N, 0, H, and S all have gas, liquid, and solid phases. Their global circulation patterns are as gases. Many pollutants have been introduced into the gas phase including SO2 and acid rain, fluorinated hydrocarbons and the ozone layer, and CO2 and methane and global warming gases.
II. Sedimentary cycles
A. Meteorological mechanisms - 
 Some minerals are transported from one ecosystem to another in dust, precipitation, wind, and water erosion. Examples include loess soil formation, 'volcanic dust, salt spray from the sea, and minerals in rainfall. The quantity of minerals transferred by meteorological mechanisms may be sufficient to supply the requirements of slowly growing species.
B. Biological Mechanisms
Minerals may also be transported by plants as pollen and  plant parts, seed, or by birds (return of P from the sea as guano), fish (return of N and P from sea-going fish such as salmon), animal migration (gazelles, caribou, cattle penned in holding stalls and fed fodder gathered in the forest). Man is a major transporter of nutrients through fertilizers, man-induced erosion, and transport of crops.
C. Geologic-Hydrologic Mechanisms
 1. Minerals may become available or circulate through the geologic processes of weathering, erosion, and solubilization.
2. Minerals are transported by stream flow

· Biogeochemical Cycles within Ecosystems
 I. Nutrient Uptake by Plants
A. From the soil solution
1. by roots
2. By mycorrhiza, which increase mineral availability, have increased ability to absorb and concentrate minerals, and is the normal mode of absorption in forests
 B. Quantity of nutrients taken up by plants depend on:
1. Fertile and infertile soils
2. Stand age
3. Litter decomposition rate
4. Nutrient immobilization in litter and heartwood
 II. Nutrient Distribution in Plants 
 A. Type of forest - deciduous forests high overall, especially in Ca
 B. Foliage content varies with age and position
 III. Nutrient losses from plants  
1.leachingof minerals by rainwater; K, Ca, Mg, Mn, organicmatter
2. Defoliation leaves by herbivores 
 3. Losses associated with reproduction - pollen, seed, mast years, biennial fruiting in apple, etc.
 4. Losses in litterfall 
IV. Litter decomposition
 A. Type of forest - humid tropical vrs subarctic 
 B. Effect of deep litter on soil - acidity, excessively wet, cold, poor root development, poor nutrition
 C. Much of the problem of forest nutrition and fertility is related to the type and rate of litter fall, and its decomposition. Decomposition in coniferous forests can be stimulated..... by fire, lime
D. Factors that affect decomposition
1. Activity of soil fauna
2. Species producing the litter
3. Chemical composition of the litter
4. Acidity of the litter
5. Soil microclimate
6. Soil fertility
V. Nutrition of understory 
 The effect of understory on nutrient retention and availability to the over story varies before and after crown closure.
C. Effect of forest fertilization. Major increases in foliar N and total foliage creates N bank that can be used in subsequent years after internal redistribution. This is the reason the effects of forest fertilization last several years, but generally only one in crops.
 D. Efficiency of internal cycling is greater in infertile soils, and less efficient the longer evergreen leaves are retained, (e.g. larch is more efficient than spruce). The large volume of old foliage (e.g. in spruce) represents a nutrient reservoir that can be withdrawn to support a relatively small annual increment of new foliage.
NUTRIENT CYCLES WITHIN PLANTS
· Biochemistry cycle –
· internal cycles: redistribution of chemicals within individual organisms
· Nutrients are conserved within plants by removing them from short-lived tissues such as leaves before they are shed, and translocating them to younger actively growing tissues or to storage sites
· Animals regulate the chemical composition of excreta in a similar manner by removing required nutrients from, and adding unwanted or excess chemicals to waste material
II. Internal redistribution
 A. Most trees are very frugal with mobile minerals - N, P, K, and Mg. Immobile minerals are generally fixed in the structure of the leaf and are not re-distributed. The efficiency of capture before litter fall is illustrated by larch, a deciduous conifer, in which 75% of foliar N based on dry weight is transferred to the twig before litter fall, amounting to over 90% on a per needle basis because of needle weight loss during abscission
B. Source of annual nutrient requirements.
1) The Atmosphere.  We know that through photosynthesis the atmosphere is the source of the carbon (C) content of forest ecosystems. Photosynthesis is thus a biogeochemical process by which C is stored on land. Moreover, rainfall and snowfall contain dissolved and particulate constituents; including important quantities of nitrogen for forest growth. Leaf and branch surfaces act as efficient filters for atmospheric particles and gases that contain nutrients. Nearly all of the pool of nitrogen (N) sulfur (S) and chlorine (Cl) in forest ecosystems is derived from the atmosphere.  
Rainfall constituents are also derived from the ocean. Sea salty injected into the atmosphere through evaporation of water droplets. These droplets evaporate and leave behind small particles, aerosols, which contain the important chemical constituents of seawater, especially sodium (Na). Magnesium (Mg) chloride, and sulfate. 
2) Nitrogen Fixation 
Over 78% of the atmosphere is composed of nitrogen, various gases, including oxygen, organ, carbon dioxide, and trace constituents compose the remaining composition. In its dominant form, N2 atmospheric nitrogen is inert as far as biological processes are concerned. Thus, plants are breathed in a “sea of nitrogen" that they cannot use. 
Several types of bacteria and blue green algae possess the enzyme nitrogenase, which converts atmospheric N2 to NH4, a form readily available to biota. Some of these exist as free living forms (asymbiotic) in soils, where as other, such as Rhizobium and Frankia, form symbiotic associations with the roots of higher plants. Symbiotic bacteria reside in root nodules that can be recognized in the field. 
3) Rock Weathering 
The crust of the earth consists of a variety of rock types. Nearly all of these contain primary minerals that were formed under conditions of greater temperature and pressure than found at the surface of the Earth. Upon uplift and exposure, all rocks undergo weathering. A general term that encompasses a variety of geological processes by which parent rocks are broken down. Mechanical weathering is fragmentation of materials with no chemical change. Chemical weathering occurs when parent rock materials react with water and mineral constituents are released as dissolved ions. Weathering is lonely involved with the formation of soils since the bulk of the physical structure of soils is composed of fragmented and weathered rock materials. Of interest here Weathering is an important source of nutrients for forest ecosystems. Soluble ions are often released in weathering reactions and are available for uptake and cycling with in the forest. From 80 to 100% of the input of Ca, Mg, K, and P is derived from weathering in forest ecosystems. Because these nutrients are derived from outside the biotic system, they are part of the intersystem cycle of a forest. 
Mechanisms of mechanical weathering include rock splitting by the freezing of water and by the growth of roots in rock creaks a narrow space or opening esp. in rock.
The sand and silt fractions of soils are largely derived from the mechanical weathering of primary minerals, especially quartz. Thus mechanical weathering is important in exposing parent rock to other weathering process.

Chemical weathering reactions occur most rapidly in warm temperatures and with large amounts of precipitation. Thus, a worldwide basis, climate is the major determines out of weathering rates. Chemical weathering is were rapid in tropical forests than in temperate or boreal forests and occurs mere rapidly to grasslands and deserts.  	
4) Hydrologic inputs 
Most studies of forest ecosystems consider stream waters only as a means of nutrient output. However, studies of wetland and swamp forests require us to recognize that stream waters can also bring nutrients to a forest site form upland ecosystems. Substantial nutrient input may occur in the annual deposition of soil alluviums in flood plain forests. Stream water inputs are a good example of an intersystem transfer of nutrients from one ecosystem to another.

CYCLES OF MAJOR MINERALS
 I. Carbon cycle 
A. Most of the C cycle is in the geochemical phase; 99.9% of the global C is in coal, oil, limestone, and chalk.
 B. CO2 has increased from 290 ppm in the 18th century to 340 ppm today, and expected to increase to 600 ppm by 2030 -2070.
This increase is still less than that released from the burning of fossil fuels because:
 1. Photosynthesis increases about 5% for each 10% increase in CO2.
 2. Until 1960 most of the CO2 release was not from industry but from deforestation, wood burning, and forest floor decomposition.
 3. CO2 dissolves in ocean waters, but it is being added more rapidly than it can dissolve. The bicarbonate cycle helps to remove atmospheric CO2 by carbonate precipitation
 C. Global warming and the Greenhouse Effect
 1. Absorption of long wave radiation by CO2, preventing the radiation from going into space which causes warming
 2. Warming of oceans, liberating more CO2
 3. Increased cloudiness, countering greenhouse effect
 4. Process very complex, exact predictions impossible
 II. Nitrogen Cycle 
A. Biological nitrogen fixation 
1. Free living bacteria and algae.
 2. Symbiotic organisms in roots and leaves
 3. Industrial fixation
 B. N transformations in the ecosystem
 1. Ammonification and nitrification
 2. Significance of low nitrification in coniferous forests and its relationship to forest fertilization
 3. Fate of nitrate and ammonium in the soil
 4. Denitrification - anaerobic bacteria and the dual role of fire
 III. Sulfur cycle.
A. Acid rain is caused by increased S02 in the atmosphere from industry; conversion of SO2 + H20 to sulfurous and sulfuric acid in the atmosphere; and deposition of acid in precipitation. This causes acidification of lakes formed on non-limestone rocks and damage to forests
IV) The Water Cycle
· The ecological significance of water is several-fold:
· Constitutes some 70% of weight of organisms
· Significant medium for biological activities
· Agent of geological change, eroding in one place & depositing in another
· Agent of nutrient distribution, a role that is augmented by a variety of chemicals it carries as dissolved salts and gases
· Agent of energy transfer and use
Gaseous Cycles
· Main active reservoir is atmosphere, e.g. Carbon, hydrogen, oxygen and nitrogen
Sedimentary Nutrient Cycles
· Main active reservoir is soil/rock, e.g. Sulfur, Phosphorus, Potassium, Calcium and trace elements
4.3. Nutrient Cycling in Tropical Forest Ecosystems
· The tropical rainforest has been pictured as a highly diverse and very productive ecosystem characterized as having:
· a large tree-biomass
· nutrient-poor soils, with the majority of the nutrients on the site contained in the vegetation, and 
· a very large and rapid circulation of nutrients
· Based on this concept of tropical forests, it has been suggested that removal of most of the vegetation may remove most of the site’s nutrient capital (only valid for certain types of tropical forest)
· The native agricultural traditions in the tropics involve cutting down a small patch of forest  burning the slash after it has dried  planting crops in the ashes that enrich the soil with nutrients 
· This produces one or two good food crops, but the yield declines rapidly (supposedly because the ash nutrients are soon leached away or removed in the harvested food plants, and pH of the soil declines toward its original value) 
· The area is then abandoned  followed by Inputs of litterfall from adjacent forest, and re-invasion of herbs and trees gradually returns the area to its original fertility.
· If the interval between successive cut-and-burns is not too short, this type of land use can continue indefinitely without degrading the productivity of the site.
· However, because of population growth, the interval between successive cut-burn-harvest events has been rapidly decreasing, and in some areas the soil has become so impoverished that the original forest species can no longer grow  in Ethiopia cleared areas are permanently cultivated
· Studies in the Amazon Basin in South America have provided some very good insights into the adaptation of tropical vegetation to very nutrient poor soils. These are as follow:

· The forest develops a dense root mat (up to 80% of the tree biomass in some) on the soil surface with a very high nutrient retention capacity
· Direct nutrient cycling occurs from the litter to the roots via mycorrhizae (The fungal hyphae rapidly invade freshly fallen litter, absorbing inorganic nutrients before they can be leached into the soil and conducting them directly to the roots)
· Nutrients are conserved within the trees by efficient internal cycling before leaf shedding, and by the reduction of herbivore through the accumulation of toxic secondary metabolic chemicals in leaves and roots.
· Adaptation of the plants to very acid soils, which are very low in Ca and P, high in H+ and Al3+ ions, and frequently waterlogged 
· Adaptation to these harsh, oligotrophic (low nutrient) conditions include:
· sclerophyllous leaves (thick, leathery and evergreen)
· tolerance of very low nutrients levels
· efficient internal recycling of N, P and K and 
· an evergreen habit
· The morphology of the leaves results in their arrangement on the forest floor after fall so as to minimize their time of contact with through-fall, which could leach nutrients 
· The multi-layered structure of the rain forest canopy, together with the presence of many epiphyllous organisms (living non-parasitically on the plants) such as mosses, algae, lichens, and bacteria, promote uptake of nutrients from precipitation and through-fall 
· The high concentration of secondary plant chemicals in litterfall ensures that virtually all the nutrients released through decomposition return to the plants via mycorrhizal fungi by the direct nutrient cycling pathway.
· Removal or destruction of the vegetation in such nutrient deficient ecosystems will result in rapid loss of the nutrient capital, and can convert tropical forest to (wet) desert areas 
· Because of the almost constant humid and warm conditions, the potential for rapid decomposition and nutrient loss following devegetation is generally greater than at higher latitudes
· We have to be careful in our manipulation of the vegetation of these areas, and not to replace native vegetation with exotic species until we have demonstrated the ability of our managed ecosystems to conserve the soil nutrient capital
· In general, leaf turnover (litterfall) in lowland tropical forests is more rapid than in other types of forest, and weathering and rate of nutrient loss will be greatest in the tropics because of the more rapid decomposition and the greater risk of soil leaching losses 
· [bookmark: _Toc452127911]Because re-invasion is normally rapid and because many of the invading species are nitrogen fixers, forestry in the tropics is potentially a much less damaging land use than “agriculture”
4.4. Effect of Forest Management on Biogeochemical Cycling
· Of all the environmental factors that determine energy flow and storage in forest ecosystems, the supply and circulation of nutrient elements is one of the most easily manipulated by the forest manager
· Because of this, and because of the relationship b/n nutrition and productivity, it is important for the forester to understand how forest management can affect forest biogeochemistry
· The effects of forest management on forest biogeochemistry may be either undesirable (nutrient loss or immobilization) or desirable (nutrient additions by fertilization, or improvements in rates of cycling and availability)
· Here, effects of clearcutting and post-harvest slashburning are discussed
A. Effects of Clear-cutting
1. Losses in harvested material
· Trees contain nutrients, and consequently removal of tree parts during harvesting results in a loss of nutrients from the site
· Short rotations combined with intensive biomass utilization may create problems of reduced soil fertility
1. Increased Availability of Nutrients
· Clearcutting accelerates the mineralizaton of forest floor materials present at the time of harvesting and adds a variable quantity of logging slash to the forest floor
· The green foliage, fine twigs, and dead fine roots added as slash contain substantial quantities of readily decomposable tissues that are relatively rich in nutrients
· There is commonly “flush” of available nutrients that starts within a year or two of logging
· The flush continues until the readily decomposed organic matter has been processed into more stable microbial biomass, or mineralized, or converted in relatively stable humus.
· This effect is known as the fertilizing (or assart) effect of clearcutting and continues until the nutrients have been taken up by plants, immobilized by microbes or by soil chemical reactions,  leached away or lost as gases
· The assart effect can be responsible for fooling foresters about the quality of a site after clearcutting  Because nutrient availability is unusually high for a few years after clearcutting  nutrient demanding species may initially grow well even on rather poor sites
· However, once the assart effect is over, tree growth may decline drastically 
3.  Leaching losses Accompanying Clearcutting 
· In the presence of nutrient demanding plants, most of the nutrient release is taken up and retained
· However, if the logging has left the area free of vegetation, and if for some reason re-invasion is delayed and the soil is unable to retain them, the soluble nutrients released by mineralization of organic matter may be leached away
4. Gaseous Losses of Nitrogen Due to Denitrification
· More recently, it has been recognized that denitrification can be a major, but largely unrecognised mechanism of nitrogen loss from forests following disturbances
B.   Effect of slashburning
· Combustion of organic matter converts most of the chemicals there in to oxides
· They remain after the fire as ash, although a certain proportion of this is carried away by fire induced convection currents and distributed to downwind areas 
· Oxides that are gaseous at normal temperatures or the temperatures in the fire are lost as gases in the smoke, and most of the nitrogen and sulfur in the burned material will suffer this fate 
· Following the slash fire, the area is left covered with a layer of ash and charred materials of varying depth
· The fate of the nutrients contained within this layer is highly variable
· If the soils have become hydrophobic or the surface soil pores are plugged with ash, much of the ash may be washed directly into streams
· At the other extreme, the ash may be washed into the upper layers of the soil, where all the cations are held by the soil cation exchange capacity
· Where water flow through the soil is predominantly in macro-channels, much of the nutrient material leached out of the ash may by pass soil exchange sites and rapidly reach ground water and streams. 
· Shifting cultivation involving fire can have a very significant effect on site biogeochemistry, especially if re-invasion is inhibited, thereby facilitating the loss of ash minerals and soil organic matter
· On a fertile site, slash burning will generally have little adverse effect on the site nutrient capital and on post-fire nutrient cycling:
· The soil is well endowed with nutrients
· There is often a good rate of natural replacement and
· Most of the soil organic matter is mixed down into the mineral soil by animals where it is protected against consumption by fire
· On nutrient poor sites, on the other hand, loss of nutrients due to slash burning can result in a significant reduction in biogeochemical cycling and a concomitant reduction in subsequent NPP
· The initial site nutrient capital is smaller
· Rates of natural replacement tend to be low and 
· [bookmark: _Toc452127913]Much of the site’s available nutrient capital is in the surface organic accumulation, which may be burned off during the fire.
Chapter Five: The Physical Environment
The physical env’t provides the basic necessities for autotrophic life: energy and the nutrients needed to capture and store it. In order to be able to utilize available energy and survive, org’ms must be adapted to the physical conditions they encounter. Much of the diversity of life reflects the evolution of adaptations to factors of the physical env’t; adaptations that permit life forms to exist in virtually all the physical env't that can be found on earth. 
Environment
· The various conditions that affect the form and function of organisms either directly or indirectly are termed as Environmental factors.So, organism in its environment is controlled by various environmental factorseach environmental components/ factor are present in the environment in a certain concentrations. These concentrations control the distribution of organisms in their environment. Each organism is capable of serving as long as the concentration of a given environmental factor is within a certain range. If the concentration is above or below that range(max & min), then the organism cannot exist. Between these two extremes lies a concentration, which is the most favorable for the Organism.
· [image: ]


It is important that renewable-resource managers understand the adaptations of both desirable and undesirable species to these physical factors so that:
· desired species can be matched with the appropriate env’ts and
· any management-induced change in the physical env’t favours the desired structure and function of the biota. Knowledge of such adaptations in undesirable species can be invaluable in controlling their distribution.
[bookmark: _Toc452127914]5.1. Solar Radiation
· Solar radiation is the major source of energy for life, and consequently photoautotrophs are the dominant producers in the trophic web of most ecosystems
· The ecological role of solar radiation is broader than merely the provision of energy
· Its fate as it passes through the atmosphere and at the earth surfaces plays a major role in determining world temperatures, climates, and weather patterns
· Variation in the wavelength of radiation in the visible part of the solar spectrum (light) give rise to the visual sense of colour in animals, and this has led to a wide variety of adaptations in both plants and animals
· These org’ms have evolved the use of colour:
· To provide protection against sunburn
· for display purposes (to repel enemies or attract mates and beneficial org’ms) and 
· to provide camouflage for security against predators
· The continuing alternation of day and night provides an env’tal clock that determines patterns of physiology and behaviour, while the seasonal variation in the relative length of day and night provides an env’tal calendar that schedules the life histories of most of the org’m on earth
· The intensity of light:
· regulates the rates of activity and behaviour patterns in animals
· influences the pigmentation of both plants and animals and
· can affect the physiology of plants
· Solar radiation is thus the source of most life, and major determinants of the physiology, morphology, behaviour, and life history of most org’ms
Ecological Effects of Variations in the Spectral Quality of Solar Radiation
· Some of the evolutionary adaptations to solar radiation reflect the alteration of the solar spectrum by the earth’s atmosphere
· The wavelengths least affected are those between 0.4 and 0.7 microns (visible light)
· These are the wavelengths that are absorbed by the pigments of plants and that are perceived by the eyes of most animals
· Some plant functions may be completed satisfactorily in light depleted in some of these wavelengths, but most plants grow best when exposed to the full visible spectrum
· Some animals have the ability to detect and may even be able to “see” (i.e. form an image on the retina) wavelengths other than visible light 
· Much of UV radiation from the sun is absorbed by the ozone layer in the upper atmosphere, and in the absence of air pollution that damages the ozone layer, UV comprises only 2% of the solar radiant energy at the earth’s surface
· Light passing through a canopy of vegetation experiences changes in spectral composition, as well as in intensity, b/c of differences in the reflectance, absorbance and transmittance of the different wavelengths
· The pigments responsible for photosynthesis absorb radiation most efficiently in the violet-blue and orange-red wavelengths, permitting both reflectance and transmittance of green to exceed those of other visible wavelengths  this is why most plants are green
· The spectral alteration of solar radiation by vegetation varies somewhat between species  greater for hardwood forests with translucent leaves than for conifer forests with opaque needle leaves (act more or less neutral density filters)
· In addition to changes in the balance of visible wavelengths, plants with translucent leaves also cause a change in the ratio of red to far-red wavelengths. 
· One of the best known and most easily perceived ecological aspects of the spectral quality of light is the adaptation of animal species to the selective pressures of predation by the development of protective coloration 
Ecological Effects of Variations in the Intensity of Solar Radiation
A. Effects on Plants
Photosynthesis
· Photosynthesis is a light-dependent process in w/h the rate of photosynthetic fixation of both CO2 and solar energy is largely dependent upon light intensity [= intensity of photosynthetically active radiation (PAR) = photosynthetic photon flux density (PPFD)]
· However, this relationship is not a simple linear one, and does not hold true at all light intensities  can be modified by a wide variety of other factors
Photosynthetic light saturation curve
· Consider the pattern of change in the rate of net photosynthesis (PS) in a plant as the intensity of light increases from zero.
· PS  rapidly, but initially there is no CO2 fixation (no  in biomass)  rate of CO2 loss in respiration > rate CO2 fixation) 
· As light intensity continues to  a point is reached at w/h loss = gain  this light intensity is called compensation point (CP)
· Above the CP, the rate of PS continues to  rapidly with increasing light intensity
· With continued  in light intensity, rate of  in PS  until the saturation point (SP) is reached beyond w/h further  in light intensity results in little or no further  in net CO2 fixation
· At very high light intensities, net fixation may drop b/e of damage to the photosynthetic apparatus or for other reasons
· CPs and SPs vary considerably among different:
· species
· individuals of the same species
· parts of a single individual and
·  under different env’tal conditions 
· Species that are adapted to growing reduced light intensities (shade tolerant species) generally have lower CPs & SPs than do species adapted to high-light-intensity env’ts
· SPs can be raised by raising the concentration of CO2 in the air surrounding the plants
· CPs are higher under conditions of moisture stress  PS is impaired by water stress, and drops off rapidly as the plant approaches its wilting point
· The relationship b/n light intensity and net photosynthesis is very complex and under the control of several factors
· In clear weather there may be a morning peak in net photosynthesis followed by a midday dip and a second peak in the afternoon
· It has been suggested that this midday dip may result from one or more of the following factors:
· Overheating of leaves
· Excessive respiration
· Water deficits
· Accumulation of products of photosynthesis in the leaves
· Photo-oxidation of enzymes and pigments
· Closure of stomata
· The depletion of CO2 in the air surrounding the crown that accompanies high intensities of solar radiation in the middle of the day
· Other factors that cause variation in photosynthetic rates include:
· Leaf age
· Age of the species
· Temperature
· The light intensity reaching the forest floor varies greatly according to the tree species, the density of the canopy, and the local radiation levels
· The light conditions experienced by a forest plant will vary according to average light conditions in the stand, the presence of sun flecks and position of the plant in relation to the rest of the canopy
· Silviculturalists use a knowledge of the relative CPs of crop and weed plant species and the relationship b/n crown density and forest floor light intensities to influence the composition of vegetation on the forest floor
Morphology 
· Most people are familiar with the fact that a plant grown in the shade looks different from another plant of the same or similar genotype grown in full sunlight.
· Some plants will grow well at high light intensities  (heliophtes), whereas others grow well only in partial shade (sciophytes). 
· This is a genetic adaptation to increase the fitness of these species in particular light env’t. 
· The importance of light in controlling plant morphology can easily be demonstrated by growing plants in complete darkness. 
· The distribution of new biomass between roots and stems, within stems between height growth and diameter growth is regulated by growth hormones that are produced at the growing tips.
Shade Tolerance  
· For many centuries, foresters have classified plants as shade tolerant or light demanding (shade intolerant). 
· The emphasis of this classification has always been on light conditions, but we now know that the reaction of plants to shade conditions in natural situations is only partly a matter of photosynthesis/light intensity relationships 
Just as plant height growth is controlled by a large number of genes and environmental variables, so tolerance of shade is a multiply determined characteristic.
Importance of the Light factor in Forestry
· There can be little doubt that light factor plays a very important role in the management of forest ecosystems.
· The forest nursery manager should be aware of the influence of light on plant morphology
· Failure to recognise the role of photoperiodism in synchronizing the activities of plants and animals with variations in the physical env’t can result in plant failure, susceptibility to frost and poor growth.
· Damage of plants as a result of a sudden increase in light intensity often involves the foliage, but light can also affect the stems because of the heating effects of solar radiation.
· Sun scald, the killing of bark by lethally high temperature following sudden exposure to sunlight, commonly occurs when thin-barked spp growing in dense stands are suddenly exposed to direct sunlight by removal of adjacent trees.
· Another effect of sudden stem exposure is the situation of new (or epicormic) branching common in previously shaded hardwood stems that experience a great increase in light intensity can have important implications for timber quality.
· Failure to recognize light intensity – plant morphology relationships in the forest stand can result in poor resistance to wind, snow and drought damage and poor growth form with heavy branching.
· The light regime created by stand thinning will have a major influence on the species diversity of natural regeneration.
· Manipulation of light conditions in the stand to give trees of desirable form and timber quality and to obtain desired species composition and stand structure is a major objective of Silviculture.
[bookmark: _Toc452127915]5.2. Temperature
· Temperature (T) & a measure of the intensity of concentration of heat energy in an object, and is noted against a centigrade scale on which the freezing and boiling points of water are taken as 0 and 100 respectively.
· It is highly variable in time and space.
· Atmospheric T falls to – 88° C in the Antarctic region while it rises as high as 58° C in dry hot deserts.
· Soil T in May reach beyond 65° C in deserts and T of some thermal springs may exceed 85° C.
· T exhibits large diurnal and seasonal variations at the same place:
· In deserts diurnal variation may range as high as 50° C
· Ex. in parts of North America, yearly T fluctuates b/n < - 40° C (in winter) to > 45° C (in summer)
· Near the equator, diurnal and seasonal T changes are negligible.
· B. Effect on Animals
· Plant and animal life occurs at all places on earth tolerating wide ranges of T. But not all org’ms survive under such diverse conditions:
· Favourable T for most org’ms  10-35° C
· Certain bacteria  up to 90° C (in thermal springs)
· A few blue-green algae > 70° C (in hot water)
· Certain bacteria and blue-green algae and lichens  tolerate sub-freezing T
· Spores and seeds of various spp.  tolerate sub-freezing and very high T for short duration without loses of viability.
· Animals can be categorized based on their ability to regulate the body T: 
· Homoiothermis (warm blooded): maintain their body T at least about 37° C, irrespective of atmospheric temperature (birds have bodyT of about 42° C) 
· Poikilothermis (cold blooded): unable to regulate their body T and become inactive at T < 8° C &> 40° C. 
· None of the animals tolerate T > 60° C. 
· T plays a critical role in availability of and ecological effectiveness of water: vital component of all life systems.
· It influences the availability of nutrients to autotrophs and food to heterotrophs (through increasing and lowering of T) 
· In general, rate of most physiological processes increases up to a certain T (optimum T) and decrease thereafter.
· Optimum T for photosynthesis is much below than for respiration  at high T, respiration exceeds photosynthesis retarded growth or death.
· T affects the germination of seeds and sprouting of buds considerably.
· In some seeds a pre-treatment with lower T (stratification) is necessary before germination at higher T (e.g. Rosa abyssinica from the highlands of Ethiopia).
· T may also modify light requirement of seed germination in some plants.
· Ethiopian examples of effects of T on seed germination (see Figures).
· Low T can affect root growth and water absorption adversely.
· Like light, changes in T during the day have great influence on vegetative and reproductive growth.
· Plants differ in their T requirements for flowering may flower at specific low or high T or may remain unaffected.
· Our cultural evolution has made us very dependent on an artificially regulated temperature environment, and many of the cultural variations between different races, such as:
· style of clothing
· type of housing, and 
· Daily and seasonal activity patterns reflect the over-riding influence of the temperature factor.
· A significant portion of the human economy is expended in overcoming the constraints that the temperature factor places on human activity and population development.
· Similarly, much of the energy budget of most terrestrial and some aquatic animals is allotted to maintaining within acceptable limits the temperatures that they experience.
Human Effects on Global Temperatures
· Human activities have increased atmospheric CO2 concentrations by about 26% from pre-industrial level to 1990.
· Emission of other greenhouse gases, such as methane, nitrous oxide and chlorofluorocarbons are also increasing.
· CO2 is expected to double by 2060 unless the trend in its release is changed.
· Estimates of change in the average surface air temperature accompanying the doubling of CO2 levels, or its equivalent, range from 1.5 to 4.5° C, with a “best estimate of 2.5° C.
Importance of the Temperature Factor in Forestry
· Of the global forest area, approximately half is tropical forest growing in env’ts where temperatures are relatively unvarying and generally not extreme. 
· The other half is characterised by temperatures that limit biological activity and may pose problems for the forest manager at some time of the year. 
· Much of the world’s timber is grown and harvested in env’ts where either macroclimatic or microclimatic temperatures can influence forestland management in some manner.
· Extreme temperatures and rapid changes in temperature can damage trees in many ways:
· Bud killing can result in multiple leaders
· Rapid drops in temperature or very low temperatures can result in frost cracking of stems, which reduce timber value and can lead to invasion by decay org’ms
· Sever on the most productive sites, where very fast-grown trees appear to be more susceptible than their slow-grown counterparts on drier, less productive sites
· Bad planting time can result in heavy mortality of planted seedlings even if soil is moist because the seedling have not had time to produce enough new roots.
· Ecotypes from d/t regions have a d/t “env’tal calendar”, and if moved to a new climatic region, they may suffer frost damage b/e of inadequate hardening; e.g. seedlings grown in nurseries at lower altitudes may suffer frost damage when planted out at higher altitudes if their temperature experiences in the nursery have not prepared them for the temperature conditions at the planting site.
· Species vary greatly in their adaptations.
· The planting of a single species over a wide range of site, aspect, altitudes, and latitudes that vary greatly in temperature has naturally resulted in variable regeneration success.
· Microclimate, especially the thermal regime of microenvironments, is often very important for forestry.
· Microsites that are only a few meters apart may differ greatly in temperature regime according to aspect, slope, view factor, shading, soil moisture, and soil colour. 
· Frost pockets may preclude reforestation of microsites that are adjacent to areas only a couple of degree warmer but in which regeneration is successful.
· The factors responsible for the natural distribution of many tree species are still not completely understood, but temperature plays an important role.
· Of all forest management activities, it is clearcutting that has the greatest effect on temperature because of its alteration of the radiation-energy balance.
· Forest have a much lower albedo than clearcut areas, so less total energy is absorbed by clearcut than by forested areas
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The radiant energy balance of a forest, Rn = net radiation absorbed by the ecosystems; G = conduction of heat away through the soil; H = connective removal of heat by the atmosphere; LE = heat lost through evaporation of water in transpiration; M = increase in the heat contained in the ecosystem (I.e. its temperature).
Table below. Compares the parameters of the energy-balance equation for a clear-cut and an 18-year-old Douglas-fir plantation. 
Energy balance comparison between an 18-year-old Douglas-fir plantation and clear-cut at solar Noon on a clear Day.

	Parameters

	Energy flux, W m-2
Douglas fir stands                     Clear cut (no vegetation)

	Rn Net radiation flux density
	520
	550

	G soil heat flux density
	32
	40

	LE Latent heat flux density
	301
	70

	H Sensible heat flux density
	183
	440

	M Rate of heat storage in vegetation ( on an area basis)
	4
	0


[bookmark: _Toc452127916]
[bookmark: _Toc452127918]5.3. Water
The material that makes life possible
· Second only to energy, liquid water is the most important prerequisite for life.
· Acts as the medium in which all life processes (i.e. chemical processes) occur.
· Acts as a transporting system: 
· permitting nutrient uptake from the soil
· moving metabolites around 
· supply oxygen to oxygen-demanding tissues 
· removing waste products
· regulating the temperature of org’ms
· supporting and protecting aquatic org’ms. 
· For humans water has the added significance of being:
· source of power (hydro-electricity)
· means of disposing of undesirable wastes, heat and materials
· Lack of water may well become more important than lack of energy as a major factor limiting our population growth: water to grow food, water to flush away our wastes and clean water to drink.
Influence of Forests on Water Inputs into Ecosystems
· In the earlier part of this century, there was great deal of controversy about the relationship between forest cover and precipitation. 
· It was claimed by some that in comparison with other forms of vegetation, forests increase precipitation and also recharge the air with moisture, which promotes precipitation in downward areas. 
· Forest removal was thought to reduce precipitation and hence stream flow. 
· Analysis of this question for temperate forests has revealed that while the removal of forest can reduce total stream flow in some situation, this mainly through reduction in fog drip, direct effects of forests on precipitation are probably minor. 
· It has been suggested that the maximum effect-could be 5 % increase. 
· However, there is growing concern that deforestation in the Amazon Basin could significantly affect atmospheric humidity and precipitation over large areas downward. 
· Much of the daily rainfall in the Amazon Basin is promptly re-evaporated and transpired back to the atmosphere, maintaining high atmospheric humidity and generating the clouds that provide the next days rain.
Interception of Precipitation by Vegetation
· Not all the precipitation reaching the surface of the vegetation arrives at the soil surface.
· Similarly, much of the dew accumulated overnight is evaporated the following morning and never reaches the soil.
· The loss of precipitation that has been intercepted by vegetation back to the atmosphere is called interception loss.
· The magnitude of interception loss depends upon the:

· Interception storage capacity of the vegetation
· Total energy available to evaporate water held by the vegetation and
· Movement and humidity of the air.
Redistribution of Water by Vegetation
· On de-vegetated areas rainfall reaches the ground uniformly. 
· Water intercepted by tree crowns is redistributed into two major subtypes and reaches the floor non-uniformly: 
(1) throughfall: that portion of the incident precipitation which drips from or falls through the vegetation canopy
(2) stemflow: that portion w/c reaches the soil by flowing down the stem 
· The importance of stemflow varies greatly depending on:
· crown morphology 
· bark roughness (smooth-barked spp.  rapid stemflow than rough-barked spp.)
· stand density (high stemflow in denser stands)
· Where stemflow is appreciable, it serves to concentrate a lot of the incident precipitation close to the base of the tree.
· The amount of water arriving per unit area over a small area close to the tree bases was found to be seven times that of the incident precipitation. 
· The water delivered to the base of trees as stemflow penetrates the soil rapidly by following large roots.
· Therefore, forests with a high portion of stemflow may have a different hydrological character from those with a low proportion of stemflow.
· The rapid entry and deep penetration of stemflow into the soil reduces losses by evaporation and, therefore, increases the availability of water to plants.
· This can be very important to vegetation in dry areas, and many spp. in such areas have morphologies that promote stemflow.
· It has been suggested that the geometry of belowground biomass reflects the effect of aboveground biomass geometry on water distribution.
· Tree species with crowns and stems that promote stemflow tend to have deeply penetrating taproots, whereas those with little stemflow and a lot of canopy-edge drip tend to have more superficially located root systems that optimize recovery of moistureand nutrients by the plants.
Infiltration into the Soil
· Water reaching the ground either flows as surface runoff or penetrates the soil (infiltration).
· Once within the soil, movement of water is known as percolation
· Entry of water into the forest floor is normally rapid because of the many large pores and the organic nature of the forest floor.
· However, forest floors that have become very hot and dry may exhibit hydrophobicity (literally, water hating), w/c makes them very difficult to rewet  rate of entry & movement of water may be reduced.
· Once wet, forest floors can hold between one and five times their own weight of water & the more decomposed the organic matter & the more rotting wood in the forest floor, the more water it can hold.
· Only water in excess of the field capacity of the forest floor will infiltrate into the mineral soil.
· Infiltration into mineral soils is determined by both soil texture and structure, parameters that define the size and arrangements of pores in the soil. 
· Movement of water into and through the soil is affected by the amount of organic matter and swelling clays (can clog pores) in the soil.
· Compaction by grazing animals or harvesting equipment, loss of structure by ploughing or damage to the surface structure of exposed mineral soils by the impact of rain can all reduce infiltration.
· Heavy raindrops falling from branches can rapidly damage exposed mineral soils.
· It is important to maintain a forest floor in w/c the energy of raindrops can be dissipated without affecting the soil structure
Forestry and the Water Factor
· Forests exert a major influence on the water cycle.
· Manipulation of forest vegetation results in many modification of the water cycle in the treated area. 
· Removal of tree cover reduces interception and eliminates canopy redistribution. 
· It also eliminates transpiration, but may also increase evaporation and reduce infiltration, if soil is compacted during harvesting.
· Increased overland flow and accompanying erosion may occur.
· Total stream flow is increased by the reduction of interception and transpiration, and peak stream flow will be increased if surface run-off to streams is increased significantly.
· Increased stream discharge produces a variety of changes in the stream env’t, such as bank erosion, flooding, and disturbance to fish habitat. 
· Moisture stress (excess or deficit) plays a major role in determining the success of artificial regeneration programs.
· The alterations in the hydrological cycle following logging can play a major role in determining the success or failure of regeneration.
· Tree productivity in the developing stand is closely related to soil moisture conditions because soil moisture dictates the biomass foliage and photosynthetic efficiency.
· Any forest management activity that reduces the moisture status of either dry or moist sites will probably be accompanied by a loss of production. 
· On the other hand, on an excessively wet site, a reduction in moisture will normally be highly beneficial for tree growth.
· Water is critically important in Forestry  needed for tree growth
· Forests are responsible for maintaining the quality and regimen of stream water (the timing of delivery of stream water: daily and seasonal) that make it suitable environment for aquatic life and a useful commodity for agricultural, domestic and industrial use.
· In many parts of the world, the socio-economic value of stream flow regulation, stream water quality control and maintenance of fish habitat may exceed the socio-economic value of timber in many watersheds. 
· In such areas, timber management must take second place to watershed management.  
· [bookmark: _Toc452127917]This may require radical modification of harvesting plans or even a total restriction of harvestin
5.4. Soil
The least renewable physical component of the ecosystem
· Soil is the basic resource of foresters and agriculturists: trees, cows and cabbages are merely the crops. 
· A forest or a farm is a landscape unit with a climate and soil that create the potential for organic production that can take the form of an economic crop. 
· Destroy the soil and that potential is lost or diminished!
· Careful harvesting of these crops does not "destroy" the forest or farm: it merely creates temporary changes in ecosystem structure and function.
· If, on the other hand, the harvest is accompanied by widespread loss or catastrophic alteration of the soil, one can indeed say that the forest or the farm, at least the present form thereof, has been  "destroyed" for the period of time that it will take for natural or human accelerated process to return the ecosystem to a productive condition.
Physical Properties of Soil
(A) Texture, (B) Structure, (C) Porosity, (D) Consistence, (E) Bulk Density, (F) Aeration, (G) Temperature & (H) Soil Water
Chemical Properties of Soil
(A) Weathering, (B) Cation and Anion Exchange Capacities, (C) Soil Reaction or pH: Acidity and Alkalinity, (D) Availability of Nutrients & (E) Leaching
Soil Organic Matter
Soil Biology
(A)	Soil Flora & (B) Soil Fauna
Soil Fertility
(A) Measurement of Levels of Nutrients, (B) Foliar Analysis, (C) Assessment of Fertility by Plant Production, (D) Plant-Site Relationship & (E) Field Fertilizer Trials and Assessment by Visual Symptoms
Soil Development
(A) Major Factors that Determine Soil Development & (B) Rates of Development in Different Types of Parent Material
Ecological Significance of Soil
· Soils provide a variety of essential prerequisites for plants, and hence for animal life. 
· These requisites include anchorage, moisture supply, and nutrient supply for plants, a refuge and a place to live for soil animals, and a substrate for above-ground terrestrial animals.
Importance of Soils for Forest Mgm’t
· Soils are the productive potential of forests.  
· They are one of the least renewable components of our renewable forest resources. 
· But of all the non-renewable aspects of the forest, soil is probably the hardest to replace once lost. 
· Much of the really fertile soil on moderate topography in areas with climates that are suitable for high-production forestry have already been sequestered by agriculture.
· Our desire for food has traditionally over-ridden our desire for forest products.  
· The forester is frequently left with the less productive soils that for reasons of topography, texture, depth, mineralogy, moisture status, chemistry, temperature, fertility, and/or economics are not required for food production. 
· Because of these limitations, the forester generally has fewer options for manipulation of soil physical and chemical parameters than does the farmer.
· Forest harvesting is an engineering activity that has the possibilities for adverse effects on the soil.  
· There is a variety of effects:
· Soil disturbance
forest harvesting generally produces disturbance to the soil surface. This may vary from slight disturbance to the complete loss of the upper soil horizons. The degree of disturbance depends on harvesting equipment used.
Table. Degree of soil Disturbance associated with various Methods of Harvesting trees in western North America
	Method of logging
	Total soil disturbance
 % of area
	Mineral soil exposed
 % of area

	Horse
	12
	12

	Tractor
	21-87
	21-87

	Jammer
	15
	15

	High lead
	11-90
	5-56

	Skyline
	6
	6

	Helicopter
	36
	5


Roads constituted by far the most important disturbance.
· Effect on soil stability
Unfortunately, damage to soils by clearcutting is not limited to surface disturbance. On steep slopes, the stability of the soil may be reduced to the point at which mass wasting occurs. Clearcutting and road construction also enhances landslide. Root disturbance accelerates landslide because roots are thought to play an important role in holding soil mantles. Loss of root strength contributes soil mass movement.
· Loss of soil organic matter and nutrient content and changes in soil chemistry
· Alteration in soil temperature
· Alteration of soil physical properties
Use of heavy machinery can alter soil structure, porosity and density, pore size distribution, aeration, water retention, infiltration capacity, and hydraulic conductivity. The degree of alteration depends on types of equipment used and amounts of logs being yarded and the number of times heavy objects move over soil.
· Unless an ecological approach is taken to harvesting and site treatment, forest management is unlikely to attain its objectives, and to a considerable extent this is the result of adverse effects on the soil.  
· One of the essential educational requirements for foresters and other renewable resource managers must surely be a sound working knowledge of soils.
· Knowledge of soils is important in all phases of forestry.  
· The choice of harvesting method and type of equipment will be influenced by soil: fertility, stability, soil compactability & erodibility. 
· Post-harvesting site treatments, choice of species, and method of regeneration will similarly be strongly influenced by the soil properties of the site.  
· The behaviour of herbicides in the environment is largely determined by soils, as are the effects and fate of fertilizers
· In short, soil considerations should influence every aspect of forestry.
5.5. Wind
Ecological Effects of Atmospheric Movements
· The quantity of incident solar energy and the proportion that is absorbed by either the atmosphere or the surface of the earth varies from place to place. 
· This results in regional variations in atmospheric and surface temperatures, which in turn result in differences in atmospheric pressure. 
· Such differences lead to the movement of air (i.e., wind) from areas of high to areas of low pressure.
· Wind is thus the result of the conversion of solar radiation to thermal energy, and thermal energy to the kinetic energy of wind systems.
· Winds have a wide variety of ecological effects
· transport water vapour from lakes and oceans to the land, and thus ensure the supply of rainfall
· the friction of one turbulent air mass on another generates static electricity that results in lightening  causes wildfires  supply of nitrogen to ecosystems by producing oxides of N2 in the atmosphere
· remove dust and organic particles from one ecosystem to another
· removal of fine soil particles  converts medium-textured soils to sand and rocky substrates  with accompanying changes in soil fertility and moisture  important mechanism in the process of desertification 
· influence evaporation and transpiration  desiccation damage and even death of plants,
· transport heat energy
· moderate temperature, by carrying warm air to cold region and vice versa 
· transport pollen grains, spores and seeds of plants  play essential role in reproduction and dissemination of vegetation
· transport animals: insects, spiders and other small animals 
· disperse atmospheric pollutants
· high winds destroy property, uproot trees, sink ships, erode soils and destroy farm and forest crops
· can generate energy

Effects of Wind on Vegetation
· Wind affects plant in a variety of ways.
A. Dissemination of Reproductive Propagules
· Most plants depend upon wind at least in part for the dissemination of reproductive structures. 
· Dissemination of pollen by wind is common among the more primitive taxonomic groups e.g. conifers. 
· Dissemination of reproductive parts is even more widespread than pollen  involves seeds, spores and even asexual reproduction
B. Effects on Physiological Processes
· Wind has a marked effect on the exchange of gases between plants and the atmosphere. 
· Air is pumped in and out of the leaf air spaces through the stomata, and this accelerates the exchange of CO2 andO2.
· Wind prevents or reduces nocturnal accumulation of respiratory CO2 within and below the vegetation canopy, thereby reducing the rate of early morning photosynthesis.
· Loss of water from plant surfaces is markedly affected by wind
· Wind accelerates diffusion of water vapour out through the stomata-this increase evaporation 
· Bending of plants by wind influences the physiology of growth. 
· Stem movements influence the distribution of available growth substances among root, stem diameter and stem height growth.
· By increasing the evaporation of water from leaves and by removing a layer of warm air from around the plant, wind acts to lower temperature  beneficial in the tropics
C. Effects on Morphology
· Wind plays an important role in determining the phenotypic appearance of plants.
· It affects stem and root morphology by altering distribution of growth.
· Plants exposed to frequent drying winds fail to attain the size that is characteristic of the species in a sheltered location.
· Such plants become dwarfed b/e their cells have insufficient water to expand to full size and the moisture stress may inhibit cell division.
· Leaves exposed to wind become thicker and smaller and have a lower rate of water loss per unit area than do leaves growing in non-windy situation. 
· The cooling effects of wind also contribute to dwarfing by reducing growth rates and the death of buds and foliage by desiccation also prevents increase in stature of the plants.
· Plant dwarfing by wind is a common phenomenon in alpine env’ts (e.g. Ethiopia)
· The plant morphology is affected by materials carried by the wind rather than the wind itself (e.g. salt, sand, etc. that cause desiccation, toxic effects, abrasion, etc.)
· Buds and foliage growing in the lee of the stem are less affected, with the result that crowns become flag-shaped.
· Wind training also causes “krummholz tree growth”, i.e. shrub-like growth from trees at altitudinal tree line: dwarfing and wind training resulting in dense, low, multi-stemmed growth of trees in the shelter of rocks or slight depressions.
· Modification of stem shape is a common response of trees to wind.
· Bending forces in coniferous tree stems during prolonged periods of uni-directional wind result in the development of enlarged annual rings of compression wood on the leeward side, and the reduction and even elimination of some annual rings on the windward side of the tree.
· Angiosperms develop tension wood on the windward side, w/c serves to resist the bending pressure of the wind and maintain the stem in an upright position.
· Stem tension that results from the swaying of trees produce another form of morphological adaptation: buttress formation  very large trees in tropical forests subject to high winds.
· Stem buttress results in a serious loss of timber since buttressed stems are difficult to process in a sawmill.
· More dramatic effects can occur when the vegetation is subject to high winds or very turbulent winds over shorter periods. 
· The whipping of branches in the wind can result in wind tatter  affects survival & growth. 
· Crown tattering also occurs when the branches of adjacent trees batter each other during a windstorm.
· Large quantities of small branches bearing green foliage may be broken off. 
· Exceedingly violent winds can result in wind-break (snapping-off of stems) or wind-throw (pulling out of trees with their roots)  wind-blow or blow-down.
· Wind-throw played a very important role in the dev’t of the classical methods of European and tropical silviculture.
· Bad experiences with clearcutting in windy regions led to the dev’t of a wide variety of silvicultural systems and patterns of forest harvesting, each one tailored to a particular combination of topography, soils, tree species and wind.
D. Influence through the Distribution of Precipitation 
· Wind affects the availability of moisture to plants by transporting moist air to a locality and by removing it again. 
· Atmospheric circulation systems determine the precipitation of a region and wind greatly affects the loss of that moisture by evapo-transpiration. 
Effect of Wind on Animals
Effects of Wind on Ecosystems
· Wind can alter ecosystems in a variety of ways.
· Wind transport of pathogens and insects can lead to the destruction of all or some of the vegetation. 
· Loss of vegetation cover alters the habitat for other animals in terms of both shelter and food. 
· Extensive loss may expose the soil to sunlight, wind, and rain, with a variety of consequent effects.
· Wind erosion of soil
· Deposition of wind-transported soils 
· Wind swaying of very large trees in steep mountain topography is sometimes responsible for landslides
· Air transportation of pollution can have a dramatic effect on ecosystem, structure and function. 
Effects of Vegetation on Wind
· Vegetation exerts a marked effect on wind close to the ground.
· The roughness of the vegetation provides a friction surface that significantly reduces the overall wind velocity. 
· Forests are particularly effective at modifying winds/reducing wind speed.
· The profile of wind in a forest depends upon tree species, density of the stand and stand structure.
· The effects of vegetation on wind has been recognized and employed to advantage for centuries.
· Shelterbelts of trees are planted by farmers to reduce wind velocity over fields and to provide livestock with shelter from the wind.
· Effect of shelterbelts on wind depends very much on the permeability of the belt.  
· Impermeable belts result in maximum downward reduction of velocity, rapidly increased downwind and a lot of turbulence.
· Permeable belts are associated with less reduction in velocity, less turbulence and more persistent downward effect.
· Wind-blow is far more common in stands adjacent to clearcut areas than in stands well away from clearcuts.
Significance of Wind for Forestry
· Wind has played an important role in the development of forestry.  
· Wind-throw was one of the factors that wrecked early attempt to provide secure future supplies of timber in Europe.
· It was one of the main stimulants behind the development of the various patterns of forest harvesting used in mountainous European forests.
· The effect of wind on the water balance of plants can determine the success or failure of planting. 
· The moisture stress caused by wind can be fatal to a young seedling even on a moist site because of the resistance to water uptake that is caused by the lack of fine roots, root hair and/or mycorrhizal associations. 
· Wind also affects natural regeneration by determining the distribution of seeds and can damage young plantation trees by loosening their root systems in the soil by frequent violent rocking.
· Wind-blow continues to be a problem in many pats of the world. 
· Therefore, the problems of wind-blow should play an overriding role in determining the shape, size and layout of clearcuts and in areas where wind is an important factor.
· Uneven-aged forest with multiple canopy layers can be more resistant to wind-throw than dense, even-aged forests.
· However, if even-aged stands are thinned regularly, their wind stability can be increased.
· This permits shelter-wood harvesting even in windy areas.
· [bookmark: _Toc452127919]Shelter-wood systems often fail b/e of wind-throw when they are attempted in dense, even-aged, previously unmanaged forests: one reason why such forests are often harvested by clearcutting.
5.6. Fire
A Pervasive and Powerful Environmental Factor
· There has been a widespread failure to recognize fire for what it really is: a natural ecological factor that is as important as wind or precipitation in determining the structure and function of many of the world’s ecosystems
· Except in the very wettest, very hottest and very coldest env’ts (there is nothing to burn in the later two!), fire has played a role virtually everywhere on terrestrial Earth. 
· Fire was ecologically important long before it was used by humans, as evidenced by the presence of charcoal buried deeply in ancient sedimentary deposits.  
· Such fires were the result of volcanic activity, spontaneous combustion or lightening, the latter being the most important.
· Fire was perhaps the first major force employed by humans to alter their surroundings. In addition to heating and cooking, it was employed:
· to drive game
· to improve grazing
· to remove vegetation in order to facilitate travel
· to clear land for agriculture and 
· in both aggressive and defensive encounters with    
	Other humans. 
Types and Occurrence of Fires
· The ecological effects of fire vary enormously according to the:
· time of year
· quantity, condition and distribution of the fuel
· prevailing climatic conditions 
· severity and intensity of the fire
· slope, aspect and elevation
· type of vegetation and soil, etc.
· Generalizations on fire are dangerous and discussion of fire should always specify type of fire and env’t.
· Fire can be divided into three major types: 

· ground fires: largely flame-less fires which burn 
	slowly through thick surface accumulations of organic 
	matter
· surface fires: rapidly burning fires that sweep quickly over an area consuming litter and the aboveground portions of herbs and shrubs
· crown fires: that burn through the crowns of woody vegetation, frequently leaving most of the stem and the forest floor relatively untouched.
· Surface fires generally bum off just the litter layer and the aboveground parts of herbs and shrubs.  
· These are often able to re-sprout from below-ground perenating organs, depending on the depth of heat penetration into the soil and the depth of the lowest perenating organ of the plant
· Trees may or may not be killed, depending on their bark thickness. 
· Ground fires tend to be more destructive, since they kill and consume all the roots in the forest floor, which generally prevents re-sprouting from underground organs.  
· Ground fires can kill large tees by this means while the stems and crowns remain untouched.  
· Consumption of forest floor may eliminate most of the dormant seeds on the site, slowing re-vegetation of the area. 
· However, viable seeds are sometimes found buried in the mineral soil, where they may escape destruction by ground fires and contribute to re-vegetation.  
· The loss of forest floor exacerbates the ecological consequences of the loss of all living vegetation, but the subsequent fall of dead but unburned shrub and tree materials contributes to a rebuilding of this layer.
· Fire occurs mainly in the dry season, which occurs at different times of a year (beginning, middle or end of the dry season) in different parts of the world  with markedly different ecological effects. 
Factors that influence the Behavior of Fire
· The characteristics and behavior of fire are determined by three environmental factors, i.e. fuel, topography and weather. 
A. Fuel
· Fuel: a complicated association of living and dead plant materials of various sizes and shapes that extend from the mineral soil to the top of the vegetation. 
· The behavior and spread of forest fire is governed by a number of fuel characteristics, i.e.
· chemical composition of the fuel (that either enhance or retard fire);
· moisture content of the fuel;
· total quantity of material that can potentially be consumed by fire;
· size distribution  of various parts of the vegetation  (small branches burn better than thick stems);
· compactness of the vegetative materials ; and
· Horizontal and vertical continuity of the vegetation.
· The fuels can be classified as: 

· (a) ground fuels - roots, decaying wood, peat or muck directly below the fresh litter; 
· (b) surface fuels - fresh litter, grasses, shrubs and dead or green branches below 1.2 m height; and 
· (c) aerial fuels - stems, dead and green branches, green crown leaves above 1.2 m height.
B. Topography
· Topography: expressed in terms of slope, aspect and terrain, is an important factor determining forest fire hazard. 
· It controls the rate and spread of fire. 
· Fire is more threatening at sloppy than level areas. 
· Fire always "climbs uphill" and mountainous winds can intensify this tendency. 
· Fire traveling uphill is faster than a running man, a factor that makes suppressing operations a complicated and dangerous task. 
· Large fire burning uphill may spread at a rate of 2000 m per hour while on level ground the normal speed is below 500 m per hour. 
· The southern aspect of a slope has higher temperature, more wind, lower fuel moisture content and lower relative humidity. 
· The terrain largely influences the direction of fire advance. 
· Terrain also influences the amount of rainfall and cloudiness. 
· It is also well established that as altitude increases average temperature and amount of combustible fuels decline. 
· The combined effects of low temperature, more rains and low combustible fuels make risk of fire on mountains minimum. 
· Nevertheless, if fuel is available when fire outbreaks, the speed at which the fire travels uphill will be much faster than in the lowlands.
C. Weather
· Weather factors that influence fire behaviour are rainfall, temperature, relative humidity and wind. 
· Rainfall makes fuel wet, thereby reducing its combustibility, and extinguishes fire. 
· Relative humidity of the air affects fuel moisture. 
· Wind has great influence on the rate of spread and direction of fire by drying forest fuel, increasing oxygen supply, bringing the flames towards unburned fuels and carrying spot fires. 
· Fire hazard increases with increasing length of the dry season.
Effects of Fire on Soil
· Effects of fire on soil can be in the form of:
· Physical changes: organic matter, structure and porosity, moisture and temperature
· Chemical changes: pH and site nutrient capital and nutrient availability
· Biological changes: flora, fauna and microorganisms.
Soil properties are strongly influenced by living vegetation and accumulated dead organic matter, both of which are removed to a variable degree of fire. Consequently, fire has the potential to induce major changes in soils.
The effect depends on 
-     Fire intensity
· amount of organic matter consumed
· distribution of organic matter
· moisture content
· prevailing weather conditions
A. Physical Changes
a) Organic matter-loss of organic matter is one of the most important effects of fire on soils. Speed up mineralization of organic matter-otherwise take many years for decomposition of dead foliage or fine rots or logs. The loss depends upon fire duration, intensity and fuel moisture, and how much organic matter in mineral soils.
b) Structure and porosity-burning exposes soil minerals and removal soil covers. Reduce structure and porosity of the soil.
c) Moisture- Fire reduces transpiration and interception losses in proportion to the reduction in foliage. It increases evaporation losses and reduces infiltration.
d) Temperature-Fire affects soil temperatures in both the long and the short terms. Long term effects generally involves an increase in soil temperatures, by darkening the soil surface. It promotes absorption of solar energy by reducing the depth of the surface organic accumulation. It transfers heat to the mineral soil and removal of shade tree increased soil temperature.

Table: Effects of Burning and Shading on Summer Soil Temperature
	Sampling Depth
	Temperature, 0C

	
	Uncut
	Clearcut area
	Slashburn clearcut

	Air, 5 cm above forest floor
	20.6
	24.8
	23.6

	Forest floor surface
	18.0
	24.4
	31.3

	Mineral soil
	
	
	

	Surface
	9.1
	12.8
	16.0

	10 cm 
	8.7
	10.6
	12.5

	20 cm 
	8.3
	10.2
	12.0



B. Chemical Changes
1. pH. When fire oxidizes organic compounds, elements that form anions (e.g. N,P, and Cl) are lost in much greater quantities than elements such as Ca, K, and Mg, which form cations. The ash left by the fire consists largely of soluble oxides of these alkali earths. These oxide are rapidly changed to carbonates, which have an alkaline reaction and tend to neutralise acidity in the soil. Consequently, soil pH generally increases following a fire. The extent and duration of the increase will depend on the intensity of the fire, the amount of organic matter consumed, and the buffering capacity of the soil.
2. Site nutrient capital and nutrient availability-Fire induces a variety of chemical changes in the soil. As organic matter is burned, carbon is released as gaseous oxygen and nitrogen is lost increasingly as temperature rise.
C. Biological Changes
Fire affect adversely soils fauna and flora. Nevertheless, it is pronounced in microfauna and microflora.
5.6. Effects of Fire on Plants
· Because fire has been such a characteristic feature of most ecosystems a wide variety of plant adaptations has evolved. 
· Fire may affect any stage in a plant's development (vegetative, flowering, fruiting or dormant) and there is a corresponding variety of adaptive traits.
A. Adaptations to Fire in the Vegetative Stage 
· Fire-resistant bark is one of the more common adaptations to surface and ground fires.  Either they quickly replace the burned bark or they have very thick bark.
· Reduced flammability of tissues- will reduce the spread and intensity of a fire, reducing the risk of fire damage; such as absence/low content of resin, gums and moisture.
· Protected buds- confers (endow/award/give) on plants the ability to continue to grow and to recover from the loss to branches, foliage or even the entire aerial shoot.
· Lignotubers- Plants that have lignotubers are able to produce new shoots more rapidly than those lacking this adaptation because of the food reserves provided by the tuber.
· Rhizomes- Plants that have rhizomes (horizontal, underground stems) are also able to sprout rapidly following fire and are highly resistant to damage by fire.
B. Adaptations to Fire in the Reproductive Phase 
· Precocious flowering-reduces the time from germination to seed production in perennial plants, and species such as pine.
· Stimulation- fire has been shown to cause a stimulation of floweringin some plants after fire.
· Seed dispersal- is influenced by fire in some species. For example, cones can reduce effect of fire.
· Soil seed banks
C. Effects of Fire on Germination
· Releasing seeds from dormancy
· Burning organic matter  removing shade and/or allelochemicals
D. Evolution of Increased Inflammability
· Evolution of increased susceptibility of the vegetative stage to fire, coupled with seed adaptation: helps to kill other competing tree species.
E. Other Adaptations
· Very rapid early growth (rapid elevation of the terminal bud and foliage and rapid development of thick bark)
· Extreme resistance to fire: dependence upon fire for the elimination of both disease causing fungi & competing tree species.
Effect of Fire on Animals
· Fire affects animals in two major ways: the direct effects during the burn, and the indirect effects that result from changes in the animal’s environment.
· The literature suggests that most animals are able to avoid adverse effects of fire by moving into:
· burrows (e.g. small mammals);
· islands of vegetation that are not affected by the fire; or 
· lakes or rivers. 
· Obviously, fire will have adverse effects on animals with low mobility such as the: 
· Young;
· egg and fledgling stage of birds;
· old;
· maimed; and 
· sick. 
· These are animals that are normally subject to above-average mortality rates. 
· In very large and intense fires, smoke and/or lack of oxygen may cause more harm to animals than the direct effects of heat.
· The indirect effects of fire on animals are of much greater importance than the direct effects. 
· Most animals are highly habitat specific. 
· For reason of food, cover, microclimate and competition from other species, each type of animal tends to be associated with specific vegetation types in a specific type of landscape. 
· As fire changes the environment, there is normally a change in the abundance, distribution, productivity, and species of animals occupying an area. 
· When a fire burns erratically through an area, it produces a mosaic of old and young vegetation types, each with its own characteristic fauna. 
· Such fires serve to increase both the diversity and the abundance of fauna. 
· In contrast, many species of birds and animals are absent in either continuous, dense old growth forest or an extensive, completely burned area. 
· Many animals use different types of vegetation for different stages of their life cycle and therefore require a mosaic of vegetation.	
· Fire plays an important role in maintaining grasslands against invasion by trees. 
· It has been suggested that herbivores contribute to this role of fire by feeding more on the fire-sensitive, less flammable species. 
· By leaving the most flammable species, the animals contribute to the future re-burning of the area and the maintenance of habitat suitable to them.  
· Animals living in fire-affected environments have evolved various adaptations to this environment. 
· These adaptations include high dispersal rates and the ability to respond to the newfound opportunities created by fire by having a high and variable birthrate. 
· Species of such environments must be able to tolerate rapid changes in their environment. 
Effects of Fire on Ecosystems and Ecosystem Processes
· By influencing plants, soil and animals, fire induces several changes in ecosystem processes: energy flow and bio-geo-chemistry
A. Energy Flow
· Energy flow out of the system is greatly increased during a fire, and decomposition following fire may also be accelerated. 
· The reduction or elimination of plants decreases primary production, and where a fire has reduced the moisture and fertility status of the soil, primary production may be depressed for a long time.
· Alternatively, primary production may be increased by fire because of the change in species composition and more favourable soil conditions. 
· Secondary productivity in grazing food chains is generally increased by fire except where severe soil damage has occurred.  
· Much of the effect of fire on energy flow is the result of change in the bio-geo-chemistry of the ecosystem.
B. Forest Bio-geo-chemistry
· Forest bio-geo-chemistry is considerably altered by fire.  
The output of nutrients in smoke and fly-ash have been mentioned. 
· Reduced infiltration leads to overland flow, which may wash the ash directly into watercourses. 
· Even where such overland flow is relatively short distance, there may be a significant redistribution of chemicals within the soil profile 
· The effects of fire on nutrient cycling are so great, and our knowledge of these effects is so inadequate that quantitative prediction concerning the long-term effects of fire on forest bio-geo-chemistry has proven difficult.
Effects of Fire Exclusion	
· Because fire is a natural factor of the environment, fire affected ecosystems have been adapted to a particular frequency and intensity of fire and will remain in their natural condition only if this frequency and intensity remains the same. 
· Human activities have often altered these. 
· Fire has been introduced to ecosystems in which it has historically been rare, and the occurrence of fire has been greatly reduced in some ecosystems in which it was almost an annual event. 
· In the former case, fire-resistant communities have replaced fire-sensitive communities. 
· In the latter case, conditions have been created in which the relatively benign natural fire has gained the potential to produce widespread destruction. 
· In fire-adapted forests with natural fire frequency, fuel accumulation is prevented and regeneration is limited, so that surface fires tend to be of low intensity and do not turn into crown fires. 
· Such low-intensity surface fires generally have a net beneficial effect on ecosystem function. 
· When fire is excluded from this type of forest, ground fuels accumulate, eventually resulting in intense ground and surface fires. 
· Dense regeneration of trees provides a fire ladder by which a crown fire can be created from a surface fire. 
· In fact, the net result of 50 years of successful fire suppression in fire-adapted forests has been the creation of a greatly increased risk of fire of greatly increased destructiveness. 
· This problem has attracted a lot of attention recently and attempts are being made to introduce fireto fire-adapted forests.
· An interesting example of the effect of fire on the interaction between organisms is the case of dieback of jarrah (Eucalyptus marginata)in Australia. 
· This large tree is susceptible to an introduced root pathogen, Phytophthora cinnamomi, which can cause extensive tree mortality. 
· Severe wildfire promotes the growth of legumes, which increase site nitrogen status through symbiotic nitrogen fixation, thereby increasing the vigour of jarrah and its resistance to Phytophthora cinnamomi.
· Severe fires also remove Banksia grandis, another tree species that is highly susceptible to Phytophthora.
· Dieback of jarrah forest is particularly severe where there is an understory of Banksia because the fungal infection builds up on the Banksia and spreads to the jarrah. 
· Low intensity prescribed fire, on the other hand, promote the growth of Banksia and the subsequent dieback of jarrah.  
· Control of wildfires and their replacement by prescribed burning has rendered the jarrah forest far more susceptible to this root pathogen. 
5.7. Fire and Forest Management
· Uncontrolled wildfire and intensive forest management have traditionally been considered incompatible. 
· The forester wants to harvest much of the biomass that is consumed in a wildfire and does not want the undesirable changes to soil and the hydrological cycle that are, the frequent aftermath of an intense summer wildfire. 
· On the other hand, fire does have some uses in forestry. 
· It can be used to manipulate the depth, chemistry, decomposition of the forest floor and temperature of the mineral soil. 
· It can be used to sanitize an area of diseases, parasites and insect pests. 
· It can dispose of unwanted biomass (post-harvest logging residues or slash), thus reducing the fuel accumulation problems, improving regeneration possibilities, and improving access for wildlife. 
· There can be little doubt that managed or prescribed fire has an important role to play in forest management, especially during the conversion of over-mature virgin forests into second-growth forests. 
· There can also be little doubt that we will continue to suppress many wildfires. 
· To be useful to the forester, prescribed fire must be applied at the time of year where there is a reasonable chance of achieving given objectives. 
· The important difference between managed fires and wildfires must be made clear to the public so that they will accept what may to a layperson appear to be an extraordinary policy.
Chapter Six: Population Ecology

Population: a group of interacting individuals of the same sp.
Study of abundance (refers to total number of individuals) and dynamics of species population. Living organisms rarely exists for long as isolated individuals. Most organisms exist for most of their life history as member of a population and other individuals of the same species are often as important a component of the environment of an individual as are the factors of the physical environment.
Distribution of population
The individual member of most plant, animal and microbial populations are not distributed over the ground at random. They exhibit a definite pattern or dispersion. Mostly clumping of the individuals, with the clumps distributed either randomly or non-randomly. Organisms in some type of environment are rather regularly spaced apart; their dispersion approaches a uniform distribution. For example, even aged plantation - for light and birds species - divides environment. However, completely uniform distribution is very rare in nature. 
Clumping of individuals in a population can be the result of several processes.
1. Dispersal of seed or young – because of wind and water movement, many seeds and spores may come to rest in the same general area. Collection and storage of seed by animals can result in clumped growth of plants.
2. Reproduction – lack of medium and long distance dispersal of reproductive propagates or offspring may result in the clumping of generations. More or less pure populations around the site of the parent organisms. Vegetative reproduction – leads new shoot in vicinity if the reproducing plants and produces a spreading mat or clump of single species.
3. Variation in the Physical Environment: Dispersal of reproductive propagates can result in either a random or a uniform distribution over a large area, but limited by suitable substrata. 
Some require moisture – surviving on moisture area form clumping.  
Seed of light demanding plants germinate all over the forest floor, but need gaps for survival. 
Spatial variation in soil chemistry and microrelief form non-random. Many animals have narrow habitat requirements – aggregated in area – because of appropriate food, shelter and environmental conditions.
4.   Active Locomotion in response to a common stimulus: Change in environmental condition – cause them to aggregate in the same area (esp. animals)
5.   Modification of the physical environment by the organism: The presence’s of one individual modifies the environment so that other individuals of the same or other species can survive.  Big tree – resting for bird – drop the seed – germination.
6.   Aggregation as the result of biotic factor: Many species are restricted to or clumped in those environment or microenvironments in which they can resist diseases or escape the depredation of natural enemies.




Aggregation into population confers both advantages and disadvantages on the member organism.
· Advantages
1. Protection – Plants gain natural protection from the rigors of the physical environments, such as wind and temperature extremes.
2. Reproduction – many species had a critical lower population size (numbers) and density (dispersion) that is necessary for successful reproduction and survival.
3. Genetic diversity – the aggregation of organism promotes genetic variation and polymorphism in a population.
4. High genetic diversity improves the ability of a population to survive in a changing, unpredictable, and variable environment. It facilitates the development of broad geographic range and helps the species to cope with interspecific competition. If a population is too small inbreeding will lead to reduced genetic diversity and increased risk of population extinction 
5. Intraspecific competition – Although it can have adverse effects, intraspecific competition often acts to keep a population healthy and well adapted to its physical environments. Sick and poorly adapted individuals do not survive the competition.
6. Division of Labour and co-operation – colonial and social behaviour has proven to be a successful evolutionary development. Many individuals working together can achieve more than that number working alone, because co-operation facilitates the development of specialisation, with its attendant increased efficiency.
· Disadvantages
1. Intraspecific competition – Because natural selection operates to reduce competition between species, individual organisms often suffer more adverse effects from competition individuals the same species than individuals of some other species. Over population can produce a variety of types of competition. Trees in an overstocked forest compete for space to spread their branches for light soil moisture and soil nutrients and for the rooting volume needed to provide stability. Overstocking in dry environments can result in the stagnation of the entire population since none if the individuals obtain sufficient resources to be able to outcompete their neighbours and cause natural thinning
2. Increase in the level of stress. The physical proximity of other members of the population may increase the stress to which an individual is exposed. Stress produces physiological changes that may alter behaviour and susceptibility to pathogenic factor such as disease or other. 
3. Alteration of the environment – when the population density increases extremely it may alter or damage the environment.  Ex. Herbivores.
4. Disease transmissions, parasites, predators, and disease of organisms are generally benefited by high diversity of their host organisms.
5. Physical interference – If animal population become too dense, encounters with other individuals become so frequent that normal pattern of behaviour are interfered with.
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6.1. Population Growth and Demographic Characteristics of Populations
A. Geometric Growth
· If a reproductive unit of a species with a short generation time is placed in an environment that provides all requisites for life in excess of needs, abundance of the organism will increase over time in geometric or exponential growth.
· For an organism with discrete, non-overlapping generations (e.g., annual plants or an insect with a single generation per year in a seasonal environment), 
Nt+1 = R0Nt



Where: 
· Nt= population size at generation t
· Nt+1= population size in the subsequent generation and 
· R0 = the net reproductive rate or the number of female offspring produced per female per generation (assuming sexual reproduction and a constant ratio of males to females). 
· If R0remains constant at a value greater than one, the population increases. 
· The higher the value of R0, the more rapid the population growth.
· For populations with overlapping generations(e.g., humans or a population of aphids on a rose bush), population growth must be described using differential equations
dN/dt = rN




 Rate of change in # / unit time = natural rate of  x # in the population
· The term r - the natural rate of increase (or biotic potential) - of the species is: 
· a parameter that incorporates both additions to the population (births) and losses from the population (deaths).  
· the rate of population growth per capita and expresses the result as growth rate per individual.
· Birth rate on its own is not enough to describe population growth, since growth will vary with different death rates even if the birth rate remains constant.
· Because additions to and losses from a population vary widely according to the size and condition of the population and the nature of the environment, r is very variable for any species.
· Ecologists use rm(innate capacity for increase of a species) to compare r values of different populations.
rm =the maximum rate of increase attained by a species at a particular combination of temperature, humidity, and so on, when the quantity of food (and/or nutrients), space, and the numbers of other individuals of the same species are kept at optimum values and other species are excluded (a parameter obtained under ideal laboratory conditions). 
B. Logistic Growth
· Geometric population increase ischaracteristic of the early phases of population growth. 
· Most populations exhibit relatively little change in numbers from year to year despite their enormous reproductive potential.
· The reason for this lack of sustained growth is that as a population grows in numbers, so does the negative feedback (environmental resistance) caused by competition diseases, stress, etc.
· As a population starts to increase from a single breeding unit, this resistance is low and the population expands geometrically. 
· So does the environmental resistance, which steadily reduces the rate of population growth until the resistance becomes so great that no further increase is possible. 
· Such population growth has an S or sigmoid shape and is called a logistic growth curve.
· The population grows slowly at first, followed by a period of rapid increase. The population growth rate then slows down as numbers approach an upper limit (K, the carrying capacity).
· The env’tal resistance that prevents the biotic potential of the species from being realized can be described mathematically and incorporated in the geometric growth equation to convert it into logistic equation.
Non-overlapping Generation
· Nt+1 = R0Ntbecomes:

Nt+1 = [1 - B(Nt - Nk)]Nt


Where:
· - B = the slope of the line relating net reproductive rate (R0) to the # of individuals in the population (N) and 
· N= the maximum size of the population at carrying capacity.
· For any population there will be a critical value – B at which the population increases smoothly up to the carrying capacity and levels off. 
· If the slope is greater than this equilibrium value, the population will grow more rapidly, overshooting K, and establish a sustained oscillation around it.  
· If the slope is too great the oscillation may become larger, with R0, eventually becoming zero and the population becoming extinct.
Overlapping Generations
· dN/dt = rN becomes:
dN/dt = rN(K-N)/Kor rN(1-N/K)




Rate of growth of population = per capita population growth rate x population size x proportion of carrying capacity that remains unused

· As N approaches K, both (K - N) and (1 – N/K)approach zero, and rN(K - N)/KandrN(1 – N/K)become very small the population essentially stops growing.
· If Nis greater than K, population “growth” becomes negative and the population will decline.
· An area cannot sustain for more than a brief period a greater number of individuals than the carrying capacity.
· It cannot exist permanently in an “over-saturated” condition.
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6.2. Major Determinants of Population Size
· The number of organisms in population results from the combined action of four major population parameters:

· Natality
· Mortality
· Immigration and
· Emigration 

     Immigration					Natality
                                          Population Increases
Population



Population Decreases           
Emigration                                  				Mortality
· There are many factors that influence these four parameters.
· Much time and energy has been spent trying to decide on their relative importance in regulating population size.
 Natality 

· Process of producing new individuals, whether this is by sexual (birth, hatching or germination) or by asexual reproduction.
· It is a rate that can refer to the actual number of new offspring produced per female per unit time (fertility of the female) or the maximum potential rate of which the females of a particular species are capable (the fecundityof the species).
· Measurement of natality is complicated by the variety of breeding patterns found in organism.
· some breed once  a year
· some several times a year 
· some continuously
· Sometimes the fertility rate will be reported on an annual basis 
· Sometimes on a generation basis
· Sometimes on the basis of some arbitrary age class
Natality varies during the life of an organism. There is always a prereproductive period and some organisms survive to a post-reproductive stage. The longer reproduction is delayed, the slower the rate of population growth. The number of offspring’s per reproduction varies greatly between different type of plants and animals. 
· Depends on genetic / genotypes 
· Depends on environmental factors
The number of offspring’s produced by an organism is believed to represent a balance between the energy costs of more offspring and the benefits of the increased contribution of those offspring to the genetic composition of the next generations. If a 20% increase in offspring reared means that each offspring receives 20% less food, fewer offspring’s may survive and contribute their genes to the next generation. In this case there would be strong selection to reduce the number of offspring to the point at which each receives adequate food. Conversely, of a 20% rise in the number of offspring increased the contribution of the genotype to the next generation, selection favour more offsprings. From this discussion above it is obvious that a species has a  “Choice” to make. It can allocate its available energy and nutrient resources to a large number of small offsprng, as is done by many tree species or it can produce fewer, larger offspring that are better equipped for survival.  Where the environment is patchy and unpredictable, risk of mortality or where there is very little competition from other organisms, the optimum evolutionary “ strategy “ - produce large number of offspring. Predictable uniform events, high level of competition – fewer offspring
Mortality
Two populations with the same total abundance can have quite different growth patterns because of differences in age structure and hence, mortality. One can be expanding, if most of the individuals are young. The other can be on the point of collapse because most of the individuals are old and it has few juveniles. Similarly, two populations, both with the same number of individuals can have totally different temporal changes in abundance according to when the mortality occur; before or after the reproductive period. Mortality can occur as the result of many different processes including- disease, predation parasitism, antibiosis, physical conflict, starvation, malnutrition, temperature and dehydration.
· Deathof organisms can occur as a result of many different processes including disease, predation, parasitism, antibiosis, physical conflict, starvation, malnutrition, temperature and dehydration.
Immigration and Emigration 
For some species, the arrival of individual from, or their departure to, remote areas constitute the major factor regulating the actual number of organisms in a locality. Dispersal is also important in territorial animals. Once all the choice territories are occupied, remaining animals’ disperse to marginal habitats, thus preventing the population from reaching deleteriously high densities.
· For some species, the arrival of individual from (immigration) or their departure to (emigration) remote areas constitute the major factor regulating the actual number of organisms in a locality. 
Generally, population size is determined by a number of factors and there are a number of different schools of thought about the topics.
· Balance of nature 
· Intraspecific competition 
· Genetic and phenotypic variation Vs environmental factors
· Abiotic and biotic factors
· Predation factors
Theories about the Natural Regulation of Population Size
· The various theories about population regulation in animals that have been developed over the last 70 years can be grouped into several schools of thought:
A. Biotic or Density-Dependent School:balance of nature
B. Abiotic or Density-Independent School: climate factors that operate in a density-independent manner (entomologists)
C. Self-Regulation or Intrinsic Regulation School: genetic shifts associated with changing reproductive success and mortality
D. Comprehensive or Compromise School: abundance and distribution determined by a combination 9varying from case to case) of extrinsic & intrinsic, biotic & abiotic and density-dependent & density-independent.
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· Abundance of plants is easier to study than animals because they are stationary, easy to enumerate and behavior does not complicate matters. 
· However from population dynamics standpoint, plants can present problems because in some respects a plant is more like a colony than an individual animal. 
· Each leaf on the plant competes with other leaves for the basic necessities of life: water, nutrients, light, and space. 
· Each leaf has its own life history from birth through growth to maturity and eventual senescence, unless it succumbs to some mortality factor first.
· Populations of leaves have survivorship curve and age class structure, undergo population growth from a small number of cotyledons on the germinating seedling to large population on the fully mature plant.
· The leaf population may have discrete generations, as in deciduous, perennial or annual plants, or overlapping generations, as in evergreen trees that maintain their leaves for many years.
· A plant is analogous to a population of buds or of leaves.
Recruitment of New Plants into the Population
· Harper (1977) classified plant population biology into several different phases:
· Seed rain: analogous to the two population processes of natality and dispersal. Plants have:
1. genetically determined fecundity (potential maximum number of reproductive propagules / plant / year or generation) and 
2. environmentally determined fertility (number of reproductive propagules actually produced / plant / year or generations). 
· The seed rain varies as a function of distance from the plant, wind, and any other factors that influence seed dispersal. 
· The seed rain contributes to the seed bank: the population of living but ungerminated seeds contained in the soils (e.g. see papers on Soil seed banks of dry Afromontane forests of Ethiopia, Actual and potential contribution of enclosures to enhance biodiversity in drylands).
· Most of the viable seeds in the seed bank are located in the surface layers of the soil.
· Removal of the forest floor by fire or mechanical means will generally remove most of the viable seeds.
· In addition to the seed bank, there is often a bud bank: population of buds on the lower stem, the root crown or roots, rhizomes or other underground organs (e.g. Plants in Gambella Area: obligate sprouters & facultative sprouters. 
· The meristems of these buds remain dormant under the influence of hormones produced by the live aboveground biomass.
· When this biomass is killed, the meristems become active and new shoots are produced.
· This is an important adaptation in trees living in areas prone to stand-replacing fire.
· In many forests the bud bank can be more important in determining the density and species composition of the post-disturbance plant community than the seed rain or seed bank.
· The seedling bank (advance regeneration): seedlings of shade tolerant tree species can remain in the understorey as suppressed seedlings or saplings for decades or, in extreme cases, for centuries.
· These may be capable of responding to increased light and reduced competition for soil resources following disturbance to the overstorey canopy.
· Where there is a well established seedling bank that survives a stand-replacing disturbance, it may dominate the seed rain, seed bank and bud bank in determining the composition of the post-disturbance community of trees.
· Recruitment from the seed rain or seed bank depends upon the existence of the so-called “safe sites”.
These are areas in which: 
1. there are appropriate stimulus to break seed dormancy; 
2. conditions and resources required for germination are present; and 
3. specific mortality agents such as animals, diseases, toxic or soil conditions as well as competition for light and soil resources are tolerable
· Availability and characteristics of the “safe sites” in an area acts as an environmental filter that results in the species composition of community of germinants being different from that of the seed rain and/or seed bank.
· Examples from Ethiopia (papers + synthesis).
Survival	
· Seeds that germinate to become seedlings, buds that develop shoots (ramets) and/or seedlings released from the seedling bank by disturbance form cohort of plants.
· This plant cohort will exhibit a characteristic survivorship curve, the shape of which varies among different plant species and different environments.  
· As in many animal populations, there is heavy juvenile mortality in most plant populations. 
· Tree populations have survivorship curves and age-class distributions, which vary greatly between species and the stage of development of the plant community. 
· Light-demanding pioneer species tend to have a small number of age classes (i.e. are even-aged) that pass up and out of the age-class distribution as the species is eliminated in the course of successional development.
· Shade-tolerant climax species in old growth forests have a more stable age distribution. 
Density-Independent Regulation of Plant Populations
· Tree height and leaf area, maximum biomass and maximum basal area of trees per ha are largely determined by climate, soil moisture and nutrients.
· This is the basis for site index: the classification of the productive potential of a site for tree growth by the height of the dominant trees at an index age.
· Density-independent mortality may occur as a result of insect outbreak, wind, fire, snow or diseases.
Density-Dependent Regulation of Plant Populations
· Competition is a major factor determining the size of individual plants and the number of plants in the population.
· An even-aged cohort of plants undergoes competition-induced mortality that reduces population density as the average size of the individual plants increases.
· The relationship between stem number and mean size exhibits a remarkably constant relationship, which is referred to as self-thinning rule.
Stand Development as a Result of Competition and Self-Thinning
· There are four main stages in the development of an initially even-aged cohort or population of trees:
1. Stand initiation: early development of a cohort of trees prior to canopy closure.
2. Stem exclusion: stopping of additional recruitment following closure of canopy.
3. Understorey reinitiation: development of understorey vegetation and recruitment of a seedling bank as a result of gap formation
4. “Old growth”: mixed age, multi-canopy level with stand dead trees (snags).
Change in Size Distribution of Trees over Time
· Different shapes of size class distribution: reverse J, bell-shaped, flat, etc.
· Example from Seedling populations & regeneration of woody plants in dry Afromontane forests (Demel, 1997).
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· Timber management is, to a large degree, applied population ecology. 
· Foresters attempt to establish a population of particular genotype of a particular species with the objective of attaining a particular number of mature individuals of a particular size at a particular age.
· This involves manipulation of the age-class structure to achieve a predetermined age-class distribution, which in turn requires knowledge of the survivorship curve of that genotype under the particular conditions.
· In the nursery knowledge of percent viability and percent seedling mortality helps to determine the quantity of seed to be sown to achieve production goals. 
· Foresters should know intra-specific competition in the seedbed and its effect on morphology to get the right type of seedling for planting out. 
· When direct seeding of clearcuts is used, the forester should have a life table for those seeds in the application area, to know how many seeds to apply to achieve a desired population of seedlings.
· If predation by small rodents is an important factor, alternative foods can be provided (e.g. sunflower seeds) to cause predator switching.
· During stand management the forester should know the natural mortality rate of the trees so as to plan the intensity and frequency of thinning. 
· Wildlife, range and fish management, which are all variously associated with timber management, are areas where there is great need for improved knowledge of population ecology. 
· Much more information is required concerning carrying capacity, natality, mortality, dispersal, survivorship curves, stationary age-class distributions, and the nature of population regulation (e.g. importance of weather, parasites, predators, disease, food availability and quality) for successful management of animal populations in forest ecosystem. 
· Control of insects and diseases is a vitally important area of forest management. 
· In the absence of adequate population information, foresters may be committed to expensive, unnecessary and ineffective control measures.


Chapter Seven: Community Ecology
· Survival, abundance and distribution of a species depend upon its adaptation to the physical env’t and tothe other living organisms with which it shares that env’t. 
· Here we will focus on the structure and organization of the complex mixture of species populations that exist together in the biotic community, and on relationships between different species occupying the same or different trophic levels.
· Biotic community an assemblage of plants, animals, bacteria and fungi that live in an environment and interact with one another, forming a distinctive living system with its own composition, structure, environmental relations, development and function. 
· Each community is characterized by a particular species composition, vertical structure, and patterns of change over time, biomass, energy flow and nutrient cycling.
· The community can be split into three subdivisions for purposes of study and description: The plant, the animal and microbial communities. 
· But it must be remembered that the intimate degree of association and interaction among these three components requires that they be never considered in isolation.
7.1. [bookmark: _Toc452127932]Structure and Growth Forms of Plant Communities
· Plant communities have several characteristics by which they can be described: structure, life form, spatial pattern, species composition, successional stage, biomass and functional process (energy flow and nutrient cycling).
· Structure of a plant community refers to the vertical arrangement and spatial organization of the plants. 
· The vertical structure of plant communities is the consequence of variation in the growth form or gross morphology of the plants. 
· The overall growth form of communities is called physiognomy  e.g., a forest is an ecosystem characterized by a plant community dominated by plants with a tree physiognomy. 
· Physiognomy of the plant community is defined by the dominant plant species, but most communities also include species representing several other growth forms organized into one or more subordinate layers. 
· Example: forest plant communities are generally composed of five major layers:
(1) Trees - plants with large woody perennial, aboveground stems, generally taller than 3 m
(2) Shrubs - plants with medium to small, woody perennial aboveground stems, mostly less than 3 m tall 
(3) Herbs - plants without a perennial aboveground stem 
(4) Thallophytes - nonvascular plants without perennial underground or aboveground stems 
(5) Epiphytes - plants growing wholly aboveground on other plants
(6) Lianas – woody climber’s  additional layer found in tropical and some higher altitude forest.
· Most of these layers can be subdivided on the basis of height. 
· Some foresters divide tree layer into several crown classes (e.g. dominant, co-dominant, intermediate and suppressed) on the basis of the competitive status of crown. 
· These classes are used for both stand description and for prescribing thinning treatment for overcrowded plantations or natural stands.
· Most of the major growth forms have several subdivisions. 
· Herbs can be split into grasses, ferns and forbs (herbs that are neither ferns nor grasses. 
· Trees can be split into needle-leaved, broad-leaved evergreen, broad-leaved deciduous and rosette trees. 
· Thallophytes can be divided into those that grow on the round, those that grown on rock (epiliths) or those that grow on rotting wood (epixyles). 
· Epiphytes can be classified according to whether they grow on foliage, branches or stems.
· Plants occupying a particular layer exhibit adaptations to the conditions they experience in that layer. 
· Trees that are exposed to the physical stress of wind, to light intensities in the upper crown, to rapid transpirationstress have strong woody stem and branches and large spreading or deep root systems.
· Forest forbshave little need for the strength of woody stems, but they must be able to photosynthesize efficiently at low light intensities. 
· They have higher levels of foliar nutrients as well as broad and thin leaves: features that improve photosynthetic efficiency and permit survival, growth and reproduction at low light intensities that exist below the tree canopy. 
· The lack of woody tissues means that virtually all the net photosynthates can be used for root, leaf and reproduction and cellular rigidity.
· The number of layers of vegetation in a plant community reflects the character of the physical environment. 
· Dry environment such as grasslands and deserts have two layers: a layer of perennial herbs in the grassland and a perennial shrub layer plus an ephemeral herb layer in the desert. 
· As one moves into more humid environments a tree layer is added, and as moisture becomes increasingly abundant, perennial herb and epiphyte layers are added.
· A plant formation on a particular continent together with its associated animal and microbial community and physical env’t is called abiome a group of ecosystems in w/c the primary producers have similar growth forms and consumers have broadly similar feeding habits.
· Similar biomes around the world form a biome type, such as the temperate deciduous forest biome type or the boreal forest biome type.
· The physical env’t: climate, topography, geology, soils of a biome is called a life zone.
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· Communities vary in their composition according to the variations in the physical environments.
· Both local and regional gradients of physical factors are associated with characteristic patterns of ecosystem types and biome types respectively. 
· The variation in physiognomy along environmental gradients is accompanied by the variations in species composition. 
· The sequence of biotic communities along an environmental gradient is called a coenocline or simply a community gradient. 
· The assemblage of physical environmental factors that change as one moves along a coenocline is called a complex gradient while the combined community-environmental gradient is called an ecocline. 
· Thus, as one travels from sea level to the top of the mountain one can observe a sequence of biotic communities (the coenocline) and a sequence of physical environments (the complex gradient), which together form a sequence of ecosystem types (the ecocline).
Possible patterns of species distribution along the environmental gradients
There are several possible ways in which plants could distribute themselves along environmental gradients.
1) Mutually exclusive association with little overlap. If there is strong association between the dominant and subordinate vegetation, and if the dominant species occupy sharply defined segments of the environmental gradient, plants form characteristic groupings of species from all layers and these groupings exclude each other along sharp boundaries in all layer. Strong competition between dominant species produces strong mutual exclusion, so that each dominant species occupies particular sections of the complex gradient. Each dominant species creates, or is associated with, a particular habitat in which a characteristic group of subordinate species develops. This pattern is characteristic of steep environmental gradients (i.e. a marked change in environmental conditions over relatively short distances).
2) Mutually exclusive association with broad overlap. Similar to pattern 1 but with broadly overlapping ranges because of less intense competition and less competitive exclusion among the dominant species. There are identifiable groupings involving all layers, but their ranges overlap broadly. This pattern is characteristic of gentle environmental gradients.
3) Mutual exclusion within a layer, but no association between layers. If the species in any layer compete strongly with other species in that layer but exhibit only a weak response to a species in other layers, there is very little overlap in the ranges of species within a particular layer but little or no grouping of species between layers. There is little association between species in different layers and therefore no clearly identifiable plant association as one proceeds along the gradient. This occurs where the complex gradient and intralayer competition is the major determinants of species distribution.
4) Broad overlap of species distribution within layer. Similar to pattern 3 but with broadly overlapping ranges of species with any layer. There is some degree of mutual exclusions within a layer, but no obvious associations of species in different layers.
5) Tree layers overlap, but lower layers exhibit mutually exclusive association. It the dominant species don’t exhibit mutual exclusion but the subordinate species do, the species in the upper layer (i.e. tree canopy) have broadly overlapping distributions along the complex gradient, while species in the lower layers show marked grouping. This occurs where there are relatively few species in the dominant layer, all of which are responding primarily to climatic factors, and there are many species in the layers which are responding primarily to complex of local site factors; which vary considerably over short distances.
6) If all the species distribute themselves along the environmental gradients solely in response to their environmental tolerances and independently of the presence of other species, species in all layers would appear and drop out again in an irregular fashion as one moves along the complex gradient. There would be neither identifiable grouping between layers nor sharp exclusion of species within a layer.
7) The distribution of species along the gradient can be exhibit various combinations of the foregoing patterns at different locations on the gradient, or can have a bimodal or multimodal distributions.
7.2. [bookmark: _Toc452127934]Discrete versus Continuous Forest Community Distribution
· For a number of reasons forest community has a sort of distribution either discrete or continuous. 
· One can readily find cases where one community is separated from an entirely different community by a sharp boundary. 
· Similarly one can just find cases where the nature of the community changes gradually.
A. Discrete Forest Communities Distribution
· Whenever one type of forest communities lies alongside another distinctly different type of forest community, it will be found that this abrupt change is related to an abrupt change in site conditions or to a completely different vegetation history of the two communities. 
· The existence of discrete communities, therefore, is evidence of the existence of discrete differences in growing conditions, either now or in the past.
· The boundary between two communities is usually a belt, which may vary widely in width, rather than a sharp line. 
· There is always a transitional zone between these two vegetation communities. 
· The transition zone between these two communities is termed an ecotone and has a characteristic feature of the two communities.
Many persisting, abrupt site differences can be give rise to sharp forest-type boundaries. Among these are:
1. Asharp boundary between two geological formations, giving rise to a sharp boundary between two soil types that differ markedly in the mineral sites they provide to vegetation.
2. A sharp boundary in soil drainage or soil moisture conditions, such as between a poorly drained swamp and a well-drained upland
3. A sharp boundary in topographic position affecting local climate, such as a knife-edged ridge separating a north from a south slope or an air dam impeding cold air drainage so that forest pocket conditions exist below the level of the dammed air.
4. A sharp boundary in the structure of the vegetation affecting the local climate and soil conditions, such as a forest edge facing grassland or a shrub community impinging upon open rock surfaces.
· Among the historical accidents that may give rise to sharp boundaries between plant communities are fires, cyclone and other windstorms, logging and agriculturaldevelopment of land.
Forest-Grassland Ecotone
Abrupt changes between forest and grassland in the tropical and temperate zonesmay or may not be associated with abrupt changes in site. Once the forest edge has been established, such as by fire or land clearing, site conditions-both climatic and edaphic-within the forest may differ so substantially from those in the grassland as to perpetuate the forest border.
This is not to say that abrupt site cannot be found in many instances. In moist climates, forests are frequently found on well-drained upland soils, which grasslands becoming dominant on poorly drained sites.
Often, however, the grassland originates in forested country as a result of a fire which destroy the forest and create an environment at the ground more suitable for the development of grasses than for the reestablishment of the forest. 
Once established, the grassland persists because of the:
· Inability of the adjacent forest trees to invade the site- whether due to:
· The recurrent incidence of fire
· The failure of the tree seeds to penetrate the sod and reach a medium suitable for germination
· Biochemical antagonisms between the grasses and tree seedlings
· Excessive root competition for soil moisture provided by the grasses
· The absence of mycorrhizae
· The damage of direct insolation to the seedlings on the exposed open sites
This does not imply that the forest-grassland border is ever static. Invasion of one type by the other does occur.
ALPINE TIMBERLINES
The upper edge of forest mountain ranges provides another spectacular forest edge. Many ecologists, ignoring the biotic aspects of the plants forming the timberline and their history, have attempted to define timberline purely in terms of the site, and have tried to evolve rules defining the height of the timberline for a given latitude, aspect, and other physical aspects of the timberline position.
As with all ecological phenomena, the timberline is a result of the interaction of the trees and the site over a long period of time. The position of timberline may differ greatly with the species available to form it. Example, Erica  arboorea.
Many causes have been ascribed to timberline formation. Above the forest line (the upper edge of continuous forest), trees grow up to the tree line, the altitude of the highest stunted tree.
Within this zone of stunted and recumbent trees, wind, snow blown by the wind, snow pack, and other factors produce an exposed and rigorous climatic zone near the ground thro8ugh which trees cannot grow.  Other causal factors of timberline formation that have been cited include excessive light, carbon dioxide deficiency, desiccation during temperature inversions in the winter, precipitation deficiency, solufluction, and light deficiencies in certain mountain regions commonly clouded over.
                The principal factors determining timberline location (as contrasted with climatic factors that cause dwarfing and recumbent growth) is heat deficiency during the growing season at high altitudes.
B. Continuous Forest Community Distribution
· The continuum concept referring to the situation where the stands of a community or large vegetation units are not segregated into discrete units but rather form a continuously varying series.
The continuum meant that all communities of the vegetation type, for example, forest or grassland, could be ordered or ordinated in an abstract series whose species composition changed gradually-typically along one or more environmental gradients.  Thus although distinct, adjacent communities were encountered in the field (Curtis, 1959), they could be fitted into their respective position in the abstract continuum. Thus according to Curtis (1959):
		It is not possible to erect a classification scheme which will place the plant communities of any large portion of the earth’s surface into a series of discrete pigeonholes, each with recognizable and describable characteristics and boundary limitations. The plant communities, although composed of plant species, are not capable of being taxonomically classified, as are the species themselves.
The strong position against a taxonomy of vegetation is not surprising since the continuum concept was directed primarily to a different facet of vegetation study-the relationship of species and communities to one another and either indirectly or directly to environmental factors.
There is no question even by continuum critics that vegetation or floras are continua (Daubenmire, 1966; Daubenmire and Daubenmire, 1968).  
This is true for a number of reasons:
1. environmental conditions change in space at varying rates affecting the establishment and, through competition, the composition of the vegetation;
2. Genecological variation of tree species is typically clinal, and in addition a given genotype often has a wide environmental tolerance
3. Historical and chance events reinforce points 1 and 2 so that no communities are exactly alike
4. A continuum of successional changes in time is superimposed upon changes in composition in space.
7.3. [bookmark: _Toc452127935]Interaction between Species in Communities
· In some environments, physical factors are dominant in determining the characteristics of the biotic community.  
· But in most ecosystems the organisms themselves and the way in which they interact are equally important. 
· The presence of another species may be vital for food and/or shelter, or it may constitute a major threat in terms of disease, predation, parasitism or competition.  
· Inter-specific interactions can be harmful or beneficial, and can be classified accordingly: 
· Whether they involve a continuous or an intermittent interaction, and
· Whether they are vital (obligate) or not (facultative or opportunistic) 
A. Symbiotic Interactions
· Symbiosisthe living together of two dissimilar organisms in close association or union. The interactions that are predominately beneficial or which lack a negative effect on either of the partners.  	
1. Mutualism: includes all interactions in which both partners benefit a wide variety of interactions: from permanent intimate contact between partners to situations in which there is no actual physical contact.
(a) With continuous contact: ecto-mycorrhiza(inter-cellular) or endo-mycorrhiza (intra-cellular) or ect-endo-mycorrhiza (both inter- and intra-cellular).
There are numerous example of this interaction. The intimate association that develops when the cortex of the smallest order of secondary roots is invaded by specific fungi during periods of active root growth. Where the invasion of the cortex is intercellular, the association is called an ectomycorrhiza; where it is intracellular, the term endomycorrhiza is used. Where both inter-and intracellular infections occurs, the relationships is called an ectendomycorrhiza. 
These associations increase the solubility of minerals, improve uptake of nutrients by the host plant, protect the roots against pathogen and produce plant hormones. The fungi get carbohydrate from the plant. A mycorrhiza is a mutualistic relationship that exists only when there is continuous contact, although both partners can, under certain circumstances, exist alone.
· These associations increase thesolubility of minerals, improve uptake of nutrients by the host plant, protect the roots against pathogen and produce plant hormones. 
· The fungi get carbohydrate from the plant. 

(b) Without continuous contact: Insect pollination. Many examples can be found, especially in animal kingdom. Moreover, Insect pollination is another well-known example of mutualism without continuous contact.
Commensalism (commensal symbiosis): relationship between two different species benefiting one partner (guest) but neither benefiting nor harming the other (host)  e.g. (i) non-parasitic growth of one type of plant on another (epiphytes); (ii) vegetation providing shelter for livestock.
When the relationship between two different species benefits one partner (guest) but neither benefits nor harms the other (host), commensal symbiosis or commensalism. As with mutualism, the commensal relationship is not a fixed one. If the guest partner becomes too prolific, it may adversely affect the host partner, and the relationship may become antagonistic. If some advantage to the host develops as the commensal relationship involves over a long period, the effect will develop into mutualism. A common example of commensalism is the non-parasitic growth of one type of plant on another.  In addition, livestock Vs vegetation, as shading shelters.
B. Antagonistic Interactions
· All relationships in which at least one of the partners is adversely affected
· Such relationships play a major role in determining the abundance and distribution of species populations and the diversity of species in a community.
· They are also important in the evolution of species characteristics.
· Antagonistic relationship can be subdivided into four:
1. Physical Exploitation
A. Non-consumptive physical exploitation: Climbing plants killing their hosts.
Many forest plants invest a considerable portion of their energy budget in building a strong stem with which to hold up their foliage to the light and to the resist the damaging effects of wind. If it were not for this evolutionary strategy, we would have neither forests nor a forestry industry, and the human species might never have evolved. Not all plants solve their problems this way, however.  Shade-tolerant herbs get by with lower light intensities by having large shade leaves, by operating seasonally, and by saving energy by dispensing with woody perennial stem. Climbing plants also dispense with strong woody stems by using other plants for physical support. Physical exploitation is seen in several species of birds; nesting building.
B. Consumptive physical exploitation: includes relationships in which parasitism and predation exist.
i) Parasitism-when one organism feed on other organism and depends on partly or wholly. When a host-parasite relationship has existed for many thousands of generations of the host, the parasite is rarely lethal, although if its population becomes too high it may kills the host. Example, Parasitic plants.
ii) Predation-In contrast to typical parasites, typical predators are often larger than their prey, are free living, and generally have only a single successful encounter with their “host” (prey or victim). The predator is sometimes said to live on the “capital” of its food resource, where parasites utilise “the interests.” Parasite can so weaken host individuals that the population goes into a decline, while predators may only take diseased and old individuals or those that are in excess of the carrying capacity.  For example, herbivores are normally considered predators, and plant the prey.

2. Antibiosis: interaction involving chemicals the production of penicillin by fungi, which inhibits the growth of bacteria in the vicinity of these fungi; plant chemicals that make them unpalatable to herbivores.
3. Allelopathy (Antibiosis between plants) Chemicals that are produced by plants and inhibit the germination, growth, or occurrence of other plants are referred to as allelochemicals and the phenomenon as allelochemical antibiosis, or allelopathy

4. Competition
· Competitive exclusion principle: “two species competing for the same resource cannot co-exist indefinitely; one of the two species will eventually dominate and exclude the other”.
· Species avoid competition by evolving different adaptations, tolerances, requirements, behaviour, etc.
· The fact that species do coexist means that they do not compete intolerably: that they differ in their set of requirements.
· This observation led to the development of the concept of ecological niche a term that expresses the total role of an organism in the env’t.
· Currently it is used to refer to: 
· functional role of a species in an ecosystem
· habitat of a species and
· geographical area  in which a species is found (e.g. its territory or home range)
· Area is different from habitat; the latter is concerned with the factors that determine where a species is found, whereas the former is concerned with the geographical extent and location of its range.

Table 3. Types of Inter-specific Interactions 

	Category of Interactions
	Types of Interaction
	Effect on

	
	
	Species A
	Species B


	
	
	
	

	Symbiosis
	Mutualism
	+
	+

	
	Commensalism
	+
	0

	
	
	
	

	Antagonism
	Exploitation
	
	

	
	     Physical
	+
	-

	
	     Parasitism
	+
	-

	
	     Predation
	+
	-

	
	Antibiosis(including allelopathy)
	+
	-

	
	Competition
	-
	-


Biological Diversity
7.4. [bookmark: _Toc452127936]The Different Measures of Biological Diversity
One of the important attributes of a biological community is its diversity.
· Biological diversity (Biodiversity) emerged as one of the key global env’tal concerns during the debate over the worldwide depletion of tropical rainforests.
· Different measures of diversity have been recognized:
· Genetic diversity within a species
· Local or stand-level diversity (alpha diversity): species richness, species evenness&structural diversity.
· Local Landscape diversity (Beta diversity): a series of different biological communities encountered as one proceeds across a landscape as a result of: (1) variation in soil moisture and fertility that results from variation in soil chemical & physical characteristics as well as landform characteristics and (2) variation in disturbance history and, therefore, stage of development of forest (i.e. seral stage).
· Regional Diversity (Gamma diversity): major changes in the life form and species composition of the vegetation & associated organisms due to major topographic features such as mountains, variations in the distance to oceans or large lakes and significant changes in latitude which are associated with changes in climate. This creates the ecological zones that define regional- and continental-level biological diversity.
· Ecological diversity: the climatic and topographic variability that create gamma biological diversity, together with the local topographic and soil variability that contribute to beta diversity.
· Temporal diversity: diversity observed over time
Community diversity refers to the number of different species in the community. Diversity can refer to all organisms in the community, but it is more frequently used to refer to one type or group of organism. Thus we can talk about the diversity of vascular plants, of birds, of mammals, and of the soil fauna. 
Diversity expressed as a species list doesn’t give an adequate picture of a community because the relative abundance and importance of the different species can vary. Two forests, both with 20 species of plants, can differ greatly in their characteristic.  Any analysis of diversity should include measures of both species diversity and individual species importance. The importance value of a species in a community can be assessed in various ways. The number of individuals per unit area (density or abundance) is often used for animal species, but it is not very useful when comparing the importance of organism. The problem is somewhat reduced by the use of biomass per unit area. For plant population, percent cover (percentage of the horizontal surface that is occupied by the crowns of each species) or a combined cover-abundance estimate is commonly used to indicate species importance. Productivity of the different species has also been used as a measure of importance.
	Once an importance value has been assigned to each species, the allocation of the community’s resources between the member species can be summarized graphically by plotting the relative importance value (this is calculated for each species by dividing the importance value of that species by the sum of the importance values for all species in the community) of each species in descending order of species importance. Because communities typically have a few species with high importance values and a lot of species with low values, such graphical representations are typically plotted on a logarithmic scale.
	Attempts to produce meaningful generalizations about the observed variations in species diversity in different environments has absorbed much time and energy and has elicited extended argument between ecologists. Some of the earlier generalizations (e.g., that diversity increases during successional development from “pioneer to climax, that the most diverse communities are the most productive and stable, or that diversity increase along moisture and nutrient gradients) have been shown to be inaccurate, and today a much more cautious approach is taken to the subject than previously.
Two category of diversity can be identified: Alpha and Beta diversity.
ALPHA DIVERSITY refers to the number of species present in a sample for a particular community.  Temperate forest has generally low alpha diversity and tropical rain forest has high alpha diversity. Alpha diversity can be measured in a variety of ways,
I) Species diversity 
D = S/log A 	or 	S/log N
Where D is the species diversity
	S is the number of species in a sample of standard size
	A is the sample Area
	N is the total number of individuals in the sample
II) Simpson’s index
C = s I=1(ni/N)2
	Where C is Simpson index
		nIis the importance value (IV) of the Ith species
		N is the total IV for all species
III) Shannon index
H’ = -PilnPI
	Where	 H’ is the Shannon index
 PIis the proportion of individuals found in the ith species of nI/N
nIis the proportion of individual in the  i species
N is the total number of individual in all species
BETA DIVERSITY refers to the variation in species composition between two adjacent communities on an environmental gradient. High beta means great diverse in diversity between the two communities. There is also a wide choice of methods for measuring beta diversity of which the following two are commonly used.

I) Coefficient of community 
CC = 2 Sab/ (Sa + Sb)
	Where CC is the coefficient of community,
		Sa is the number of species in community A
		Sb is the number of species in community B
		Sab is the number of species that occur in both communities (A & B)
II) Percent similarity and Euclidean distance 
PS = 1- 0.5 (Pa-Pb) 		or
ED = (Na-Nb)
	Where PS is the percent similarity, Ed is the Elucidean distance
		Paand Pb are the decimal value for a given species in communities a and b; Na and Nb are the IVs for a given species in communities a and b.
Perhaps the only reliable generalisation that can be made about biotic diversity in terrestrial ecosystems is that alpha diversity for most groups of organisms generally decreases from lowland tropical to high-latitude ecosystem.
B. Global Pattern of Biodiversity
· In terrestrial ecosystems, alpha diversity for many groups of organisms generally decreases from lowland tropical to high-latitude or high-altitude ecosystems, e.g. 
· A tropical rainforest in Malaysia can contain up to 227 tree spp on about 2 ha; 
· The central hardwood forests of eastern U.S. may have 10-40 overstorey spp present in an area &
· The boreal forest in Canada may have only 1-4 spp.
· The number of ant spp varies from 222 in Brazil to 63 in Iowa & 3 in arctic Alaska.
· Many explanations have been advanced:
A. Time hypothesis
One of the earliest suggestions was based on the greater age of tropical ecosystems, where evolution has supposedly continued with relatively little interruption for millions of years. Glaciation in the recent past makes many temperate areas very young by comparison, giving less time for high diversity to evolve. Certainly, the fossil record, should but incomplete. The validity of the time hypothesis is difficult to assess because of the incompleteness of the fossil record, unequivocal proof would require actual observation, which is nearly impossible considering the time scale.
B. Rate of speciation hypothesis
It is widely held that the rate of speciation (evolution of new species) is faster in the tropics than in temperate or arctic environments. The longer growing season and relative lack of seasonal environmental extremes in the tropics permits many generations per year and maintenance of populations close to their k value (carrying capacity). This intensifies interspecific competition and creates a more favourable environment for speciation. Natural selection in tropical environments is predominately in response to biotic factors (interspecific interaction), whereas at higher latitudes and altitudes, physical factors play a major role.
C. Predation hypothesis
Another theory about tropical diversity suggests that there are more predators and parasites in the tropics than elsewhere and that these serve to hold down prey populations to such low levels that competition among prey species is reduced. This permits the addition of more prey species, which in turn supports new predators. 
The exact role of predation in population regulation is still unclear and so also is the role of predation in determining diversity. There is a lack of data to test this hypothesis critically.
D. Environmental stability hypothesis
An important difference between tropical and polar environments is the degree of environmental stability. Environments with low biotic diversity tend to be severe or unpredictable, or both; whereas those with high biotic diversity tend to be either stable or predictable, or both. The surprising fact that biotic diversity is greater in deep-sea communities than in very shallow water communities has been used to challenge the theory that diversity is related to temperature: that high temperatures encourage the development of high diversity and low temperatures induces low diversity (deep-sea temperatures are low).
E. Environmental heterogeneity hypothesis
There appears to be a relationship between diversity and environmental heterogeneity. The more heterogeneous and complex the physical environment, the more complex the plant and animal communities. Mountainous areas are associated with higher species diversity than area of gentle topography.
F. Size & Spatial Isolation of “Islands” (Island Biogeography Theory) 
· It has been argued that alteration of natural levels and natural temporal patterns of BD has implications for the stability, resilience & functioning of forest ecosystems. 
7.5. [bookmark: _Toc452127937]Community Ecology and Forest Management
· Foresters are concerned with the structure and functioning of forested ecosystems. 
· Knowledge oflife forms, their relative frequency and the vertical layering and percent cover of the various layers in plant communities can be very useful in description and classification of forest ecosystems.
· Stand structure is important in timber, wildlife, water, range and recreation.
· Classification of forest ecosystems involves division of the landscape into classes. 
· This can be done in a number of ways, but it is often based solely or partially on the plant community. 
· Development of a practical plant-community-based system of forest classification involves recognition of how species are distributed along environmental gradients. 
· A system that assumes discrete associationswill not work well where there is a continuum of vegetation change, while the assumption of a continuum ignores the advantages that can be gained in those regions where there are mutually exclusive associations that reflect significant variations in the productive potential of the physical environment. 
· Knowledge of species distributions along environmental gradients can help in predicting such things as the correct tree species for the site and the appropriate silvicultural regime.
· One of the most important aspects of community ecology is the diversity of inter-specific interactions. 
· Most foresters are well aware of antagonistic interactions between their tree crops and some of the other species in the community.
· But the full significance of inter-specific interactions for the composition and productivity of the community is not always recognized. 
· The geographical range of a species may be determined as much by its susceptibility to herbivores or pathogens as its ability to tolerate some climatic or edaphic factor (note that biotic and abiotic factors interact). 
· The growth of a tree species may not be possible in the absence of some mutualistic interaction (e.g., mycorrhizae or N-fixing microbes) 
· Recognition of the importance of inter-specific interactions and how the forester can influence them creates the possibility of managing these interactions to our advantage. 
· Improved mycorrhizal and symbiotic nitrogen associations offer the possibility of significant increases in tree growth.  
· Understanding the nature of competition can facilitate wise investment of time and energy in alleviating competition or can lead to the use of competition as a biological method of weed control. 
· Community ecology considered in an ecosystem context leads to the concept of ecological niche. 
· Knowledge of the fundamental niche of a tree species can indicate the potential geographical and habitat range over which the species might be grown.
· But successful extension of a species outside of its realized niche involves an understanding of the biotic interactions that act to exclude the species from those areas.
· Only if the forester is able to modify these interactions appropriately will crop establishment outside of a species' realized niche be successful. 
· The complex interplay between biotic ad abiotic factors that determines a species’ range is seen most dramatically in tree lines. 
· A consideration of this type of ecotone is helpful in appreciating the complexity of ecosystems.
· Much has been written about the relationship between species diversity ad community productivity and stability. 
· However, more research is required before we are able to assess for most sites the relative desirability of low and high species diversity.



Chapter 8: Ecological Succession
INTRODUCTION
Processes of Change in Ecosystems
· Change is one of the most fundamental characteristics of ecosystems. 
· Characteristics of the ecosystems change, just as individual organisms change through the various stages of their life history, as time passes. 
· Three major categories of ecosystem change can be identified:
1. Long-term changes in the physical environment: Ice ages come and go, soils develop or they may be eroded, and lakes become shallower and may eventually disappear as they are filled in with sediments. This type of change normally occurs very slowly, and generally we cannot observe the consequences for biotic communities within our lifetime. This is observed through pollen analysis using carbon date-C13 and C14. Actually, some changes may occur rapidly and we may observe.
2. Change in the genetic constitution of organisms as the result of natural selection: This type of change is occurring continually and is called Evolution. It can occur rapidly in response to rapidly changing physical or biotic selection pressures, but it also occurs on a longer time scale in response to slow but directional changes in climate, soil conditions, and other organisms. Natural selection is constantly altering the genetic constitution of populations in a manner that increases their genetic fitness.
3. Changes in the types, numbers, and grouping of organisms occupying an area and accompanying changes in certain features of the physical microenvironment: This type of change occurs in both newly exposed, previously uncolonized physical environments, and in previously colonized areas following disturbances to the indigenous community. The change in the biota is accompanied by changes in the microclimate and soil. Of these three categories of change, we are most familiar with the last one: the temporal development of and change in ecosystem structure and function. If an economically marginal area or farmland is abandoned, the freshly exposed soil will soon be colonized by a variety of plants, most of which are annuals.
Ondaily basis,plants grow&die,animalsfeed onplants &oneanother,& decomposersrecycle chemicalelements.
•	Since allorganismsare linkedtogetherin a community,any changein the communityaffectsmany organismswithinit.
•	Overlongtime periods,it ispossible to see trendsinthe waythestructureofacommunitychangesand to recognize thatclimategreatlyinfluences thekindofcommunity that becomesestablishedinanarea.
•	Generally,this seriesof changeseventuallyresults in a relatively long-lasting,stablecombinationofspecies.
Theconcept that communitiesproceed throughaseriesof recognizable, predictable changesin structure overtime is calledsuccession.
8.1. Mechanisms and rates of successional change
Successionisthe process by which a natural communitymovesfrom a simplerlevelof organisationto amore complexcommunity.
Thereplacementofonecommunitywithanotherwitha time
Involveschangeinspeciescomposition,structure,andcommunity processwithtime
–Startswithacertaincommunity,calledapioneercommunity,composedofpioneerspecies(opportunisticspecies,r-strategists)
–Continueswithseveralprocessesandchanges
–Endswitharelativelystablecommunity,called climaxcommunity,composedofequilibriumspecies(K-strategists).
Eachstep in thisprocess fromPioneer community to Cimax Communityis calledasuccessionalstage,orseralstage
Theentiresequence of stages—from pioneer communityto climaxcommunityiscalled asere
Succession isa complexprocess;naturalthat mayor maynot havea singlecauseforit.
•Threetypes of causes
–Initialorinitiationcause-Disturbance
•	Natural-climatechange,volcano,orlightening,Variousactivities ofdwellingorganisms
•Artificial-humanfactor
–Ecesis-theprocessof migration,aggregation,competition, reaction,etc.whichcause successive waves of populationas aresultof changes.
–Stabilizing-causes forstabilizationof the community
•Climateoftheareaisthechiefcausesofstabilization
•Climatedeterminesthetypesofvegetationandassociatedanimals
Rate of Succession
The rate at which succession proceeds is highly variable and depends on the:
1. Degree of environmental change during a succession: the greater the change, the more prolonged the stage.
2. Rate at which the biota alters the environment: the more productive and efficient the organisms, the shorter the duration of the seral stages.
3. Longevity of the organisms dominating the site: the longer lived the organisms, the longer the stage may last.
4. Degree to which communities dominate the site and resist invasion: the better developed the community, the more resistant to invasion and the longer lasting it will be.
Ecologistshavetraditionallyrecognized two kindsof succession:PrimaryandSecondarysuccession.
•Primarysuccession
–Asuccessionalprogressionthatbeginswithatotallack oforganismsandbaremineralsurfacesorwater
–lavaflows;glaciers;aloweringofsealevelexposesnew surfacesforcolonizationbyterrestrialorganisms
–Oftentakesanextremelylongtime.
–Severalfactorsdeterminetherateofsuccessionand thekindofclimaxcommunitythatwilldevelop.
Severalfactorsdetermine:
	The kindofsubstrate(rock,sand,clay) willgreatlyaffectthe kind of soilthat willdevelop.
	The kindsof spores,seeds,orother reproductivestructures willdeterminethespecies
	The climatewilldeterminethespeciesthatwillbeableto live in anareaandhowrapidlythey willgrow
	Rate of growthwilldeterminehow quicklyorganicmatterwill accumulateinthesoil
	The kindofsubstrate,climate,and amountoforganicmatter willinfluencetheamount of water availableforplantgrowth.
[image: ]


SecondarySuccession
–Thesameprocessesandactivitiesdrivebothprimaryand secondarysuccession
–Themajordifferenceis thatsecondary succession occurs whenan existingcommunityis destroyedbut muchof the soilandsomeoftheorganismsremain.
–Aforest fire,a flood,or the conversionof a natural ecosystem to agriculturemaybe the cause
–Process of Secondary SecessionmorerapidthanPrimary Secession
–Thenewclimaxcommunityislikelyto resemblethe one that wasdestroyed:
•	Somemaysurvivethedisturbanceotherswillsurviveasrootsor seeds
•	Undamagedcommunitiesadjacentto thedisturbedareacanserveas sourcesofseedsandanimalsthatmigrateinto thedisturbedarea.
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8.2. The role of disturbance in forest ecosystem
Inreality,changeis alwaysoccurring,whetherthis issimplybecause
–Branchesaredying,or
–Individualtreesaregettinglarger,or
–Naturalprocessesarecausingmortalitythatreduces thenumberoflivingtreesinanarea,or
–Fire,wind,snow,insects,diseaseepidemicsorforest harvestingareperiodicallycausingmajormodifications toecosystemstructure,speciescompositionand function
Forestschange overtimeperiodsof century/millennia duetocilmatechange.
Theychange more frequentlybecause of external physicalfactors(fire,wind, land slides- allogenic factors)or externalbiologicalfactors(insect,disease- biogenicfactors)
Theyalsochange because of alterationsin soil and microclimate,and in plant,animaland microbial speciescaused by with-inecosystem ecological processesat thepopand bioticcommunitylevel.This self-driven/autogeneicchange occurs following disturbancescaused byallogenicorbiogenic disturbanceprocesses
Disturbanceis definedas theaction ofallogenicand/orbiogenicfactors thatresults inrates, patternsand directionsofsuccessionalchangethat aredifferentfrom whatwouldbeexpectedin theecosystem inquestion as a result ofautogenicprocesses.

Therefore,disturbancehasa significantrolein the dynamicsof forestecosystems.
Recurringdisturbancessuch as fires orwindthrows createanopen environmentwherenew plantsare unlikelyto beshadedby neighbors.
– Success favors those species whose seeds fall in such sites, germinate and become established in high light environments, and grow rapidly to dominate the canopy. At the other extreme, closed canopy forests, with little sunlight on the forest floor, favor species that can tolerate shade, grow slowly in the low light of the understory, and wait for a large tree to die and create a gap in the canopy
Many kinds of communities exist only as successionalstages and are continually reestablished following disturbances:
Many kinds of woodlands along rivers exist only where floods remove vegetation, allowing specific species to become established on the disturbed flood plain
Some kinds of forest and shrub communities exist only if fire occasionally destroys the mature forest.
Windstorms such as hurricanes are also important in causing openings in forests that allow the establishment of certain kinds of plant communities Disturbance creates different ages of forest
–With a wide variety of different structures and plant species composition
–Thereby providing habitat for a wide variety of animals and microbes
8.3. Effects of forest management on succession
Forest Managementhas severalinfluenceon succession
Slashburning-vegetationcontrol.
•	Fire-nitrogenvolatilization-mayallow species that cangrow undernitrogendeficientsites.
•	Harvesting-regeneration,changein species composition.
–Clearcutting-altersmicroclimate,soil,vegetation, animalandmicrobialconditions.
–Clearcutting-earlysuccessionalstage
–Increasingintensity/scaleofharvesting-changing successionalstage(goback,fromlate,toearlystage)
A. Effects of Clearcutting
· A seral stage is defined in terms of microclimatic, soil, vegetation, animal and microbial conditions. 
· The living community that characterises the particular stage of a particular sere consists of those organisms that are adapted to the physical and biotic conditions of that stage. 
· Clearcutting alters all these ecosystem parameters to a greater or lesser extent. 
· Where the objectives of management require that a mid-seral tree species form the next crop, it is obviously desirable to disturb the forest sufficiently to create physical and biotic conditions favouring the growth of that species. 
· This requires the creation of an early seral - mid-seral microclimate, minimal competition, and a mid-seral forest floor-soil condition. 
· Clearcutting may achieve the first two requirements, but may not satisfy the third. 
· If there is a thick late-seral (climax) forest floor condition that remains largely undisturbed after clearcutting, seedlings of the early seral – mid-seral crop species may not grow well, especially if there are high surface temperatures and low surface soil moisture conditions. 
· They have the appropriate microclimate, but an inappropriate soil condition.
· In summary, clearcutting inevitably creates successional change; it pushes an area back to an earlier seral condition. In many cases this is desirable. 
· Thus, clearcutting is a powerful tool of successional manipulation, but it can be abused if the user is not aware of its full range of environmental consequences and how they vary in different sites and in different climates.
B. Effect of slashburning
The successional consequences of slashburning depend upon the aggregate of all the other environmental effects of slashburning, on the type of fire, and on the type of site. A hot burn on a late seral xerosere might eliminate all the surface organic accumulation and lead to the erosion of much of whatever mineral soil has developed. This would transform the area to the beginning of a primary xerosere. Alternatively, a slashburn on a moist fertile site might act to accelerate the development of a secondary sere. By suppressing shrub growth that might otherwise form a shrub community, and by promoting the reestablishment of a tree crop, slashburning might hasten the redevelopment of a climax stand. Obviously, reliable generalizations about the successional effects of slashburning are impossible.








Chapter Nine 
9.1. Regeneration Methods and Silvicultural Systems
Generally, Silviculture is the science and art of cultivating (that is growing and tending) forest crops based on the Knowledge of Silvics. More particularly the term Silviculture is the theory and practice of controlling the establishment, composition, character, and growth of forest stands to satisfy specific objectives. Moreover, it is an integrating of biologic and economic concepts to devise and carryout treatments most appropriate in satisfying the objectives of an owner.
The term “Silviculture” is originated from the Latin Silvi means   wood and culture means to cultivate
9.1.1. [bookmark: _Toc372565081]Silvics
Silvics is the study of the life history and general characteristics of forest trees and stands, with particular reference to local factors, as a basis for the practice of silviculture
The immediate foundation of silviculture in the natural science is Silvics, which deals with:
· The principles underlying the growth and development of single trees and forests as a biological unit. 
· How trees grow and reproduce, as well as the ways that the physical environment influences their physiology
· The study of ways that the physical environment tempers the make up and character of a forest community, and the interactions of biologic components in those communities.
· How communities of trees in turn modify conditions of the physical environment as /forests mature and change over time
· In general, silvics translates this scientific knowledge into practical information about the habitat or site requirements for the successful reproduction and growth of forest stands, and of the different tree species that comprise them.
Controlling establishment, composition, and growth
Silviculture is forest architecture aimed at the design of stands with outward shape and internal construction that will serve the intended purposes, be in harmony with the environment, and withstand the loads imposed by environmental influences. Since the stands grow and change with time, the designing is more sophisticated and difficult to envision than that of static buildings. In these sense it is akin to the kinds of engineering in which dynamic processes and not just structures are designed. Furthermore, the stands alter their own environment enough that the forester is partly creating a new ecosystem and partly adapting to the one already exists.
Silviculturalists control forest stand and age class establishment by periodically altering conditions of the physical environment in a particular stand, primarily by cutting trees, or controlling their density and character in other ways. At times when it seems inappropriate to regenerate a new cohort of trees, they maintain a high stand density to restrict light and other site resources needed for germination, or to sustain the development of new seedlings. To trigger regeneration at other times, they will cut some or all of the trees present, undertake other treatments that alter the character of an existing vegetation community and the environment near the ground surface. Silviculturalists may also decide to create new communities of trees or add others by artificially sowing tree seed or planting young trees in an area. They may use these artificial methods to enrich the species composition of a naturally occurring community, to supplement the density of the seedlings that develop naturally, or to substitute a particular mixture of tree species for some other kind of community that would normally regenerate at a site by natural means. 
Besides intervening at the time of establishment, silviculturalists can also affect community composition later on through a variety of intermediate treatments—usually, by cutting unwanted trees to limit the number of species present.
They may also reduce stand density at times to improve the growth of the most desirable trees, independent of species. These intermediate treatments may favor trees of the best form and growth relative to a landowner’s objectives, as well as promote a mixture of species that will best serve the needs.
In large measure, silviculturalists control stand and tree growth by regulating stand density. They recognize that in communities of high tree density, the foliage of most tree receives less than full direct solar energy due to shading by neighboring trees. The low light levels limit the photosynthetic out put and may cause death of heavily shaded trees that photosynthesize too poorly to sustain life. To promote better diameter growth and limit mortality, silviculturalist reduce stand density to lessen  the tree crowding and brighten the environment around crowns of the residual trees.
9.2. [bookmark: _Toc372565082]Silvicultural Systems
Silvicultural system   is a process following accepted silvicultural principles, whereby the crops constituting a forest are tended, harvested and replaced by new crops resulting in the production of stands of distinctive form. Moreover, it is a planned series of treatments for tending, harvesting, and re-establishing a stand. 
Silvicultural systems as a system of management should consists a planned program of silvicultural treatments during the whole life of the stand - not only regeneration felling/cuttings, but also any tending operations or intermediate cuttings. 
Intermediate treatment is any treatment or tending designed to enhance growth, quality, vigor, and composition of the stand after establishment or regeneration and prior to final harvest. A refined and intensive silvicultural system consists of a number of steps, conducted in a logical sequence. 
In practice, silvicultural systems are traditionally distinguished and classified by the criterion:  
· soil exposure (full, partial, none)
· Nature of regenerating (natural, artificial, mixed); 
· Structure (uniform- even-aged; uneven- uneven-aged),
· kind of establishment (kind of manipulation of canopy and method of  planting or natural regeneration, 
· Seedling, saplings, size and age of residual trees for the next generation, kind of mixture). 
Conceptually, foresters develop a unique silvicultural system for each forest stand. Yet all silvicultural systems include three basic components: 
1. The method of regeneration of the individual crop constituting the forest; 
2. The form of crop produced; and 
3. The orderly arrangement of the crops over the whole forest, with special reference to silvicultural and protective considerations, and efficient harvesting of produce.





Components of Silvicultural System



Phase                                                                                 Treatments



Regeneration 

Tending 

Harvesting
Natural 

Artificial    - Seeding
· Planting
(Seedling)

Release Cutting
Pruning
Thinning
Intermediate cuts

Clear cutting method
Shelter wood method
Seed tree method
Selection method 




9.2.1. [bookmark: _Toc372565083]Principles of Silviculture

The principles of silviculture revolve around a through understanding of plant-environment interactions. Manipulation of establishment, growth, composition, and quality of forests to meet particular objectives requires the silviculturist to appreciate the interrelationship between the growth of forest vegetation and the physical and biological components of the operational environment.
Therefore, the silviculturist has two tasks:
· The first task is to fully understand and describe the current structure and interactions of the stand in question in terms of soils, vegetation, pests, microclimate, and ecological interactions. 
· [bookmark: _Toc36883389]The second task is, by knowledge of stand history and ecological interpretation, the silviculturist can appreciate past stand structure and the nature and rate of ecosystem change. This permits a projection of what the nature of the unmanaged stand structure will be fore each relatively uniform aggregation type some time into the future. 
Historical Development of the Systems
· The depletion of natural forest that has taken place during the past hundred years in many parts of the world gives genuine cause for alarm. 
· The immediate wood scarcity situation first, called for protection and conservation measures in wood consumption and utilization, later, for yield regulation measures, i.e. balancing utilization (harvesting) to the net growth (or incremental yields). A high degree of skill and knowledge was developed in the management of the limited number of species important in European forests, especially in the art of securing natural regeneration
· The foresters who established scientific forestry in the tropics were largely European trained and it is understandable that they attempted to apply the silvicultural systems with which they are familiar to the conditions in the tropics
Some Commonly Used Silviculture Terms
Silviculture prescription:  a site-specific integrated operational plan to carry out one or a series of silviculture treatments.
Silviculture treatment:  any silviculture activity on forest stands to meet stand-specific objectives.
Silviculture treatments:  activities that ensure the regeneration of young forests on harvested areas and enhance tree growth and improve wood quality in selected stands.
Stand:  a community of trees sufficiently uniform in species composition, age, arrangement, and condition to be distinguishable as a group from the forest or other growth on the adjoining area, and thus forming a silviculture or management entity.
Stand composition:  the proportion of each tree species in a stand expressed as a percentage of the total number, basal area or volume of all tree species in the stand.
Stand development:  the part of stand dynamics concerned with changes in stand structure over time.
Stand management prescription:  a site-specific plan describing the nature and extent of the silviculture activities that will occur on a free-growing stand to facilitate the achievement of, among others, social, economic, and environmental objectives.

Stand structure:  the distribution of trees in a stand, which can be described by species, vertical or horizontal spatial patterns, size of trees or tree parts, age, or a combination of these.
Stand tending:  a variety of forest management treatments, including spacing, fertilization, pruning, and commercial thinning, carried out at different stages during a stand's development.
Treatment prescription:  operational details required for carrying out individual
silviculture activities such as site preparation and planting.
Rotation:the planned number of years between the time a stand regenerates, and its final cutting at a specified stage of maturity
Compartment: a portion of the forest under one ownership, usually contiguous and composed of a variety of forest stand types, defined for purposes of locational reference and as a basis for forest management.
Regeneration  (reproduction): is the renewal of a tree crop, whether by natural or artificial means. 
· Renewal by self - sown seed or by vegetative means (regrowth), e.g. coppicing, root suckers, lignotubers, is termed natural regeneration (natural reproduction, volunteer growth); and the crop is termed self – grown crop. 
· Renewal by sowing or planting is artificial regeneration (artificial reproduction) e.g. plantation. Both processes result in restocking of the area concerned. 
Regeneration felling (reproduction cutting) is any removal of trees intended to assist regeneration already present or to make regeneration possible. 
Regeneration Method: a cutting procedure by which a new age class is created; the major methods are clear cutting, seed-tree, Shelter wood, selection and coppice.
Regeneration method is an important part of the silvicultural system, but still only a part, although it gives its name to many silvicultural systems.
9.2.2. [bookmark: _Toc230348477][bookmark: _Toc372565084]Natural Forest Silviculture
Def: Natural forest management has been defined as “controlled and regular harvesting, combined with silvicultural and protective measures to sustain or increase the commercial values of subsequent stands, all relying on natural regeneration of indigenous species” (Schmidt, 1987).
The silvicultural systems applied for the management of tropical natural forests are “partial Cutting Systems” Employing natural regeneration. These silvicultural systems are characterized by an irregular multi-sized (uneven-aged) structure and multi-species composition.
Partial cutting is a general term referring to silvicultural systems other than clear cutting, in which only selected trees are harvested. Partial cutting systems include the polycyclic selection (selective) system and the monocyclic uniform and tropical shelter wood systems.
Natural regeneration: the renewal of a forest stand by natural seeding, sprouting, suckering, or layering seeds may be deposited by wind, birds or mammals.
Natural forest Silviculture is the science and art of establishing, tending, protecting, preserving and regenerating natural forests of any of the kinds defined above. 


10. [bookmark: _Toc372565122]Silviculture and Natural Forest Harvesting
Growing populations and increasing needs for fuel, food, fodder, building materials, and work opportunities have caused selective logging and tropical deforestation. When cleared forest land can  not sustain the new land use, the consequences include land degradation, abandonment, and varying degrees of recovery. After either logging or agricultural clearing, the type of vegetation that returns generally depends on the intensity of land use and degree of degradation that have occurred and on whether the site has been grazed or burned. Usually, second growth forests appear; sometimes grasses invade, sometimes only barren wasteland is left.
Maintaining the land under a permanent forest cover, and adopting a planned basis of sustained yield management within an overall, sustainable forest management plan, is usually the most appropriate long-term development strategy.
Natural forest management has been defined as " controlled and regular harvesting combined with silvicultural and protective measures to sustain or increase the commercial value subsequent stands all relying on natural regeneration of indigenous species."
Silviculture is a set of techniques that can be applied to help attain specified forest management objectives. It aims to achieve the implementation of objectives through manipulation of the composition and structure of the forest. In most instances in a wood production forest, the aim of silviculture is to enhance the growth and quality of potential crop trees.
The essential requirements for sustainable management of tropical forests are a management system that: (i) minimize incidental damage to residual stand and soil; (ii) bases on wider range of species; (iii) utilize the felled tree efficiently, i.e. wood utilization efficiency in both logging (harvesting) and mill processing. Ecologically based management for sustainable harvest requires, at minimum, three essential types of data: (i) the effects of logging practices on composition and structure of residual stands, (ii) estimates of the parameters of growth and survival that determine recruitment into the harvestable sizes during stand development after logging; (iii) density and composition of regeneration.
9.3.RegenerationMethods
•	Regeneration-the recruitmentof young plants derivingfrom seeds or sprouts or vegetativepartsor seedlings.Artificialand Naturalregeneration.
•	Man-maderegeneration-plantingseedlingsor direct sowing.
–Afforestation–forest establishedartificiallybymanon landwhichpreviously didnotcarryforest.
–Reforestation-on landwhich carriedforest withinthe previous50yearsor withinlivingmemory,andinvolving thereplacementofthepreviouscropbyanewand essentiallydifferentcrop.
–Renewalregeneration-onlandwhichcarriedout forest withinthe previous50yearsor withinlivingmemory,and involvingthe renewalof with essentiallythesamecropas before.
Naturalregeneration-establishednaturallywithout deliberateassistancefrom man. They would includeso-called “VirginForests”.
•	ManagedNRorAssistedregeneration-Where naturalregenerationis assisted by mane.g. removalof over-storey,soilworking,fireuse etc.
ENRICHMENTPLANTING-plantingseedlingsinNF (importantin degradedforest rehabilitation).
•Forest trees encounterdifferentphases:
–Aseedlingphase-characterizedbyintensive competitionandhighmortality;
–Ajuvenile-intensiveheightgrowthphase,which determineshowfastgrowingtreesreachtheover-story canopylayer;and
–Amaturityphase-theonsetofreproductionand recruitmentprocesses;characterizedbycanopy dominance
•	Seedlingphase- regeneration:from seedsor sproutsor vegetativeparts(branches).
Naturalregenerationcan successfully occur onlyif a sufficientamount of "growing space" isavailablefor seedgerminationand subsequent growth of seedlings.
•	Innaturalforests-the onset of regenerationprocesses dependson the creationof open patches(gaps) asa resultof thedeath and fellingof trees.
•	Inmanagedforests-the onset of naturalregeneration dependson the applicationof appropriate regenerationmethods thatcreatesthe necessary growingspaces.
•	Inboth cases, ‘disturbance’(Naturaland/or Man- madedisturbances) is themajor factor.
•Thetypeofdisturbanceoccurring ina forest stand hasa directeffect on the successful survivalof regeneration:
–Low,orunderstoreydisturbance-thosethatremove onlythesmallesttreesin theunderstory,suchas ina standwheregrazingispermitted.
–High,orOverstoreydisturbance-thosewhich predominantlyremovethelargesttreesinthestand, suchasaseverewindstorm,largescaleharvetsings.
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Disturbanceintensityaffectsthe successof regeneration.The species thatsurviveand continue to growwillvarydepending on theintensityofthe disturbance:
–Slow,gradualmortalityof individualtreesfavorsshade tolerantspecies.
–Astormmicroburstthat uproots a smallgroup of trees givesthe advantageto speciesthat can becomeestablished inpartialto fullsunlight.
–Anintensedisturbance,such as a crownfireorclearcut, willfavorspecies thatare adaptedto fullsunlightfor best development.
Disturbancealsovariesinfrequency:onceper year, perfiveyear,per decade,overlongertForest regenerationmethods arebased on three premises:
–1.Naturaldisturbances varyintype,intensity, frequency,anscale
–2.Eachspeciesisadaptedto,andwillregenerate successfullyunderconditionscreatedbyspecific disturbanceregimes.
–3.Harvestingforforestproductsisadisturbance.
•	For successfulregenerationofa desirablespecies or mix-harvestingmethodshould most closely mimicthe naturaldisturbanceregimefor which thedesiredspeciesis adapted
•Regenerationmethods/techniques:
–ForestPreserve/UnmanagedForest
–Single-TreeSelection
–Shelter-wood
–SilviculturalClear-cutting
–GroupSelection/PatchCutting
–CoppicewithStandards
ForestForest preservesarenot dioramas. Change happens.Wherethevegetationremains unmanagedbyanyhumanintervention ReserveTree/SeedTree
I.Forestpreserve/Unmanaged,slow changesaccumulate:
–Graduallythroughthenaturalmortalityofindividual trees,or
–Suddenlythroughtheactionofweather,fire,insect infestationorrampantdisease.
•	Intheabsenceofnaturalheavydisturbances,these forest tracts progress insuccessiontowarda more shade-tolerantandlonger-life-spanspeciesmix thattendsto perpetuateitself.Why????
Advantages
–Easytoimplement;
–Maintainscontinuousforestcover;
–Favorsshadetolerantspecies;
–Highwatershedprotectionvalue
•Disadvantages
–Noincomeforlandowner;
–Changehappens,unplannedanduncontrolled;

–Shadeintolerantspecieswilldisappearwithoutsevere naturaldisturbance.
II.Selection logging
•Single-treeselection(or simplythe SelectionMethod) isused by foresterstocreateor maintainmultiple agedor unevenageconditions in a foreststand.
•	Individualtreesthatarematureor decliningin health areharvestedfrom thestand in a mannerthat minimizesdisturbancetothe residualstand.
•	Thismethodmostcloselymimicstheprocesses foundinunmanagedforests.
•Removalsaredone on a periodicbasis- unevenages.
•	Theopenings createdfor regenerationtend to provideconditionsmost favorableforslower-growing shadetolerantspecies.Why???
Advantages
–Maintainscontinuousforest cover;
–Periodicincomeforforest owner,eventhough low;
–Favorsshadetolerantspecies; Abilityto removedeclining trees;
–Harvestschedulescan beadjustedformarket conditions
Disadvantages
–Highskillrequiredforsuccessfulimplementation;
–Highercostsforinventory,marking,andharvesting;
–Willleadto long-termloss of diversity;
–Increasedpotentialof damageto residualtrees.
III.ShelterWoodMethod
•	Asits name implies,thismethodregenerates a new forest underthe shelter of oldertrees.
•	Mimicking disturbancesin which onlythe healthiest dominanttrees survive,the best growing, most desirable treesin the standare left during the initial harvests.
Theresidualover-storyprovides the seedsource and cover for the regenerating forest,which becomesestablishedover anumberof years&willbeanothereven-agedforest.
	Theover-storyis harvested-in twoorthree stages.The timingand intensity be according to the desired regeneration species:
–Forintolerantspp= firstcut remove60% ofthecanopy
–Formidtolerant=firstcut remove25 to50%
–Asregenerationbecomesestablished,theold standisremoved
Advantages
–Canincreasemid-tolerantregeneration;
–Increasedvolumegrowthofresidualtreescan maintainstandvolumegrowth;
–Regularperiodicincomeduringharveststages
•Disadvantages
–Highskillrequiredforsuccessfulimplementation;
–Delayinremovingresidualtreescanleadtolossof mid-tolerantspeciesanddamagetonewregeneration
IV. SilviculturalClearcutting
•Situations:
–Therearecertainspeciesoftreesthatfullydevelop onlyunderthefullsunlightconditionsfoundafter clearingallcompetingvegetation.
–Withoutclearcuttingorfinaloverstoryremovalduring ashelterwoodthesespecieswillgraduallydeclineand becomerareinmostofourforests.
–Aforeststandisin suchterribleconditionasaresultof insectdamageorotherpastabuse.
–Whenalandownerwishestoconvertanareafromone typeofspeciestoanother
•	Regardlessof thereason, a clearcutt,setsthe forest back to itsearliestsuccessionalstage.
•	A clear cut mimicstheconditions found followinga catastrophic windstormor fireand providesthebest competitiveadvantageto the speciesthat requirefullsunlightto survive.
•	Regenerationmust come as seedlingsfrom a seed source nearbyor from root or stump sprouts.
Advantages
–Easiestmethodto mark andharvest;
–Necessaryto regenerateshadeintolerantspecies;
–Highdiversityof grasses andherbsuntilcrownclosure;
–Providesearlysuccession habitat;
–Potentiallysubstantialone-timeincomeforlandowner
•Disadvantages
–Aestheticallyless desirablefor generalpublic;
–It costsmoneyto removeresidualpolesandlargesaplings;
–Noincomefromforest forat least 30-40years;
                        –Susceptibleto soilerosion ifpoorly implement
V.GroupSelection/PatchCutting
•	Group selection is a hybrid incorporatingsome of features ofboththe selectionandsilvicultural clearcuttingmethods.
•	It does not selectindividual trees,ordistribute the intensity ofthe harvestevenly throughoutthe stand,butremoves groupsoftrees within pre-defined areas(scattered)
•	Suitablefor certain habitatenhancement,&canalsobe used tocreatemultipleagedconditionwithina forested parcel.
•	Agreaterdiversityofregeneration speciescanresult if the patchescreated are large enoughto permit full sunlight.
–Agoodruleofthumbforshade-intolerantspeciesistomake the minimumopeningtwiceas wideas thesurrounding trees are tall.
–Smalleropenings(1/4acre)may besufficientformid-tolerant specie
GroupSelection/PatchCutting……
•Advantages
–Allowsregenerationof shadeintolerantspecies without clearcutting;
–Provideslandownerwith periodicincome;
–Providesa varietyof habitatsfromearlyto late successional;
–Harvestschedulescan beadjustedformarket conditions
•Disadvantages
–Resultingpatchwork forest increasesmanagementcosts;
–Patchesmaybe toosmallformid-tolerant/intolerant species;
–Residualtrees nearpatch edges maybe susceptibleto damage
VI.CoppicewithStandards
•	Thissystem favorsselected crop trees(i.e., standards)for theproduction of highvaluetimber or veneerlogs whileperiodicallyremovingall othermerchantabletrees.
•	Reservetreesarekept free-to-growto obtain maximumsize, providemast for wildlifepurposes, andaesthetic reasons.
•	Theregeneratingforestisprimarilyofsprout origin,evenaged anddense,idealhabitatfor game birdsandother species.
Advantages
–Periodicincomeforforestowner;
–Harvestschedulescanbeadjustedformarket conditions;
–Reservetreeswillbeverylargeatendofnextrotation
Disadvantages	
–Highskillrequiredforsuccessfulimplementation;
–Highercostsforinventory,marking,andharvesting;
–Largecrownsmaydamageothertreeswhenharvested
VII. Reserve Tree/Seed Tree.
• Borrowing an idea from the shelterwood method,a few trees are left scattered in the stand to provide a source of seed.
• The residual trees should be chosen from the healthiest and best seed producers in the stand.
•	The main difference between this and a shelter- wood system is that this method is a very high- intensity, but one–time (low frequency) disturbance event.
•	All of the remaining vegetation is removed at once, and the new forest will be even aged.
When the new stand has been established, the reserve, or seed, trees may be removed.
But, sometimes they may be kept in the new stand until the time of the first commercial harvest.
•	The new forest will be composed mainly of offspring from the reserve trees, and some habitat enhancement value from retaining these large scattered trees can be realized as well.
Advantages
– Aesthetically more pleasing than a clearcut; Provides regeneration conditions similar to a clearcut (i.e., beneficial for mid- and intolerants);
– Reserve trees will be very large at end of next rotation (if retained);
– Provides roost trees for birds;
– Reserve trees serve as a supplemental seed source
• Disadvantages
– Reserve trees susceptible to windthrow and lightning damage (and lost volume);
– Large crowns of reserve trees may damage other trees during next harvest operation;
– No income for 30-40 years
9.4. [bookmark: _Toc372565114]The Dynamics of Regeneration
9.4.1. [bookmark: _Toc372565115]Biotic and Abiotic Factors Influencing Natural Regeneration and Establishment
Most species bear fruit frequently, however, the seeds of some species very quickly lose their initially high germination capacity, often after only days or weeks. In rain forests, trees bear fruit throughout the year, whereas a certain concentration on the period from shortly before to shortly after the beginning of the rainy season can be observed in most deciduous forests. As a rule, seed production must be adequate to ensure more or less uninterrupted availability of viable seeds of several species. 
The determining environmental factors- of temperature and humidity – are so favorable in the rain forest that optimal conditions for germination and establishments are virtually constant. In seasonal climates, the water supply is temporary inadequate during the dry season. 
Whether or not regeneration occurs is dependent on numerous prerequisites. Although these preconditions may vary greatly from species to species, the following are in any case indispensable:
· A sufficient volume of viable seeds.
· Appropriate climatic and 
· Edaphic  conditions for germination and establishment
Sufficient volume of viable seeds
Flowering
Almost all tree species have the capacity to sexually reproduce through a variety of breeding systems. The nature of sex representation within a flower is an important component of differentiating breeding systems among species and the plant families to which they belong. 
Species that are monoecious have both functional sexes on the same plant but in separate flowers. 
Dioecious species have trees with flowers of only one functional sex. Plant species that are perfect have both functioning sexes within the same flower.
Many tree species in more unfavorable environments have restored vegetative propagation.
Seed Supply
The first and most obvious prerequisite is an adequate supply of seed. No tree or group of trees is a dependable source unless it is sufficiently old and vigorous to produce seed. Further more, seed bearers should be located so that wind or other agencies will ensure pollination and properly distribute the seeds over the area to be regenerated. Regardless of how carefully the seed bearers are chosen and fostered, it must be remembered that most species do not annually produce the abundant crops of seed necessary for satisfactory regeneration. This characteristic makes it difficult to carry out reproduction cuttings with equal chance of success each year.
Seed Dispersal
The modes of dissemination of tree species include almost every imaginable mechanism. The distances of effective dispersal vary widely but are usually not greater than a few times the height of the seed bearer
Storage
Seeds are usually produced during a favorable period but must often survive a dry or cold period and be ready to germinate during the next season. To do this they develop varying degrees of dormancy, a condition in which they do not grow and their physiological processes become slow.
The seeds of many species in seasonal tropical rainforests are do not develop dormancy because conditions are always favorable for growth and there is no value in delaying germination. They must germinate in hours or days and are difficult or impossible to store artificially.

CHAPTER 10 MENSURATION AND STAND MEASUREMENT
Forest mensuration
In 1906 Henry S. Graves defined forest mensuration as a discipline that deals with the determination of the volume of logs, trees and stands, and the study of increment and yield. Michael S. Philip (1983) has defined mensuration as measurement of length, mass and time. Taking the basic elements of the above definitions it is wise to have a working definition of the term forest mensuration.  
Forest mensuration is a tool that provides facts about the forest crops, or individual trees, or parcels of felled timber to: sellers, buyers, planners, managers or researchers. Trees may be described quantitatively by many measurements or parameters, the commonest of which are: age, diameter, cross sectional area, length (height), crown width, wood density, form (shape), taper (change of diameter with length), and volume.
Other qualitative characteristics are also used:
Example: species, log quality and straightness 
10.1. Diameter, girth and basal area; Bark/bark thickness
10.2. Measuring single trees
10.2.1.	Definition and importance of diameter at breast height (dbh)
Diameter at breast height, dbh, is defined as the diameter measured at 1.3m above ground level. The diameter at breast height is measured at 1.3m above ground level as a reference height for two reasons:
a) At breast height (1.3m) the caliper is easily handled;
b) The influence of the buttress on the stem form is already much reduced in breast height.
There are four reasons why the diameter or circumference at dbh is of particular importance:
1) It is a characteristic, which can be easily assessed. In comparison with other characteristic diameter measurements are the most reliable.  Measurement errors and their causes can be corrected recognizable and can be limited to a minimum by suitable instruments and adequate measurement methods.
2) The dbh is the most important measurement element and provides the basis for other computations.
- It serves for the derivation of the tree cross sectional area at breast height.

g   =  
- Volume is the product of basal area, height and form factor:

V =  fi

3) The frequency of trees in single diameter class, the so-called stem diameter distribution (No of tree / diameter class) is an essential inventory result B/c:
· It provides outstanding insight into the structure of the forest which itself is the result of the development of the stand;
· Stem diameter distribution serves as the basis for the assortment of the growing stock and 
· It is important basis for economic decision and may be used in planning.
4) From the dbh the stand basal area is calculated by summation of the basal areas of trees in stand. It is a very important parameter for characterization of the density of the growing stock.
10.2.1.1. Measuring diameter or circumference at breast height  
Commonly diameter or girth is measured to estimate cross-sectional area at:
· The ends of logs
· The mid–length of logs and
· Breast height or above buttress on standing trees

The use of the word diameter implies that trees are circular in cross section.  In many cases, however, the section is somewhat wider in one direction than another, or it may be eccentric (circles with different centers) in other ways.  But for computational purpose, the cross-section is assumed to be circular. Consequently, the objective of any tree diameter measurement is to obtain the diameter of a circle with the same cross-sectional area as the tree. When a tree cross section is elliptical, one might measure the major and minor diameters, d1 and d2, and obtain the average diameter from the arithmetic mean of d1 and d2.  This would, however, overestimate the “true” diameter of the cross section. In order to obtain the “true” diameter of an elliptical cross section one should use the geometric mean.  
The Australian National Forest Inventory (1961) has determined the point and position where dbh has to be measured under different circumstances: Accordingly: If there are irregularities of the stem such as knots, damages etc. on the 1.3m level, dbh will be calculated as the mean of diameters taken about and below the irregularities.  Diameter of trees planted on steep shape is measured by taking the 1.3 m above ground level measured from the upper side as indicated in the figure.  The 1.3 m dbh measuring point is measured above the buttress for some tropical species while trees with some kind of irregular shapes are measured as shown in the figure below.
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If the stem is forked below 1.3m, it will be considered as two trees and two dbh will be measured
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Figure 1. Diameter at breast height measuring points 
If the stem is forked above 1.3m it will be considered as one tree and one dbh will be measured.

10.2. Calipers
Diameter is usually measured with caliper; more recently optical instruments to measure diameter at points out of reach of normal caliper have been developed. Caliper normally record diameters (in cm or mm), but may also be calibrated so that cross sectional area (m2) can be recorded directly.

1)  wooden (metal) beam				2)  Fork














  Finnish parabolic  
Figure 2. Types of diameter measuring instruments

Calipers must:
· Be light in weight but sturdy and stable under all weather conditions.  Most calipers are made of steel or aluminum alloy. But wood is not ideal material as it lacks stability under different weather conditions have the fixed and moveable arms lying in the same plane and at right angles to the bark.
Operators must be trained to ensure that: 
· The calipers are properly maintained and accurate
· The point of measurement is located correctly 
· The plane of the calipers is at right angles to the longitudinal axis of the trees, and 
· The correct pressure is applied at the movement of measurement
10.3.1  Diameter tapes
The diameter tape is used if the trees are too big for the calipers or when comparison of diameter measurements for various reasons comes in question.  Normally one measures the circumference and calculates diameter according to the formula:
	C = 2r d = 2r
	C = d
              d = c/
Where: C = circumference
              d = diameter
 = constant (22/7)
There are also diameter tapes developed to suit professionals and permits direct reading of diameter.
Diameter tapes have to be resistance to change in length under several conditions of abrasion (rubbing), temperature and humidity.
Operators must be trained to ensure that:
· The tape are not bent or twisted and are kept clean
· The point of measurement is correct 
· The plane of the tape is at right angle
· The correct tension is applied to the ends of the tape
· The dimensions are read correctly using the correct point of one origin of measure
· The tape is positioned against the bole of the tree and all climbers loose bark scales moss etc. are removed around the whole circumstances.  
10.3.2. Measurement errors
10.3.2.1. Calliper and their instrument errors
The most frequent instrument error is caused by the deviation of the movable arm from a right angle, resulting in negative bias. 
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Figure. Deviation of the movable arm of the calliper                 
If d is the diameter of the tree and  the angle of deviation of the calliper arm, then the bias Bd will be calculated as follows: 
tan     =    Bd/d/2

   Bd     = d/2 tan
10.3.2.2. Measurement errors of the caliper 
Instrument errors are always systematic errors. In general, during measurement, systematic errors of random magnitude occur.  Their causes are: 
1) Tilting of the calliper
2) Non-observance of the exact measurement height 
3) Varying contact pressure
10.4. Tree cross-sectional area measurement
10.4.1. Principles in cross sectional area estimation
The cross section of a tree is taken at breast height is called the basal area. The total basal area of all trees or of specified classes of trees; per unit area is useful characteristics of a forest stand.  For example, basal areais directly related to stand volume and is a good measure of stand density.
When a tree cross section is circular its area can be computed from its diameter or circumference; thus,
	g = d2
                   4
	and since 	d = c/
	g =   c2

                    4
Where: g = tree cross-sectional area
	             d = diameter of cross section
	             c = circumference of cross section
Diameter d is commonly expressed in centimeter and cross sectional area in square meter (m2).  Consequently it is conveniently express g (in square m) as a function of diameter d in centimeter.

	g (m2)	=	d2	   = 0.00007854d2
		      4(10,000)  
10.4.2. The importance of cross sectional area estimation (basal area)
The importance of diameter and circumference in tree measurement can be expressed as follows:
· Diameter and girth are easier parameter to measure in the field.
· The sum of the basal areas of all trees in crop is  a useful measure of stock;
· In uniform plantations of a single species volume is closely related to basal area;
· As volume is derived from the square of the diameter or girth, the proportional increase in volume is approximately equal to twice the proportional increase in diameter,  the proportional increase in height and the proportional change in the form;.  V ~ 2d + hi+f 
·  The frequency of trees in different diameter classes is a very useful means of characterizing the structure of the crop.

· Basal area: - Basal area is the total cross-sectional area of the trees in a stand, measured in square meter per hectare, and is a common density variable in whole stands yield models.
· g(m2)=II d2                 = 0.00007854d2
· 			4	x10, 000	
· 
Measuring Bark Thickness: Although dbh measurements are made out- side bark, a common objective for computing tree volume is the diameter inside bark (dib). Reliable measures of bark thickness are essential because the breast- height ratio of dib/dob is often applied to estimate inside-bark diameters for inaccessible points on the tree stem. The standard measurement tool employed is called a bark gauge. Since - bark thickness tends to vary from one side of a tree to another, a minimum of two readings should be taken. When dob is obtained with calipers, the two bark measurements should be made exactly where the caliper arms make contact with the tree stem. The two readings are added together and subtracted from dob to obtain dib. Where dbh is determined with a diameter tape, bark thickness should be measured radially from the wood surface to the contour of the tape. Two or more thick- nesses should be measured, depending on the eccentricity of the cross section.
· DBH
         DUB = DOB –2 t
Girth
         g = g’ –2πt
Where,
         g = g.u.b.
g’ = g.o.b.
          t = bark thickness
Ratio of diameter under bark (DUB) and over bark (DOB)
Ratio= DUB^2/DOB^2
10.5. Tree height; Tree volume; Log and stack volume
10.5.1. Tree height measurement
Next to diameter, height is the other important tree characteristic obtained by measurement of estimate. It serves essentially for computation of volume and volume increment and, in connection with age, for determination of site quality.
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Definition of height: 
1)  Total height: is the distance along the axis of the tree stem between the ground                                   and the tip of the tree.
2)  Bole height: is the distance along the axis of the tree stem between the ground and the crown height.
3)  Merchantableheight: is the distance along the axis of the tree stem between the ground and the terminal position of the last usable portion of the tree. The terminal position is somewhat subjective and it is taken at a minimum top diameter or at a point where branching irregular form or defect limit utilization. The minimum top diameter will vary with the intended use of timber and market conditions.  
For example, it may be 10 centimeters for pulpwood and 19 centimeters for saw timber. 
4)  Stump height: is the distance between the ground and the basal position of the main stem where a tree is cut. (A standard stump height is generally about 30cm foot, is established for volume table and timber volume estimation).
5)  Merchantable length: is the distance along the axis of the tree stem between the top of the stump and the terminal position of the last usable portion of the tree stem.
6)  Defective length: is the sum of the portions of the merchantable length that cannot be utilized because of defect.
7)  Sound merchantable length: equals the merchantable length minus the defective length.
8)  Crown length: the distance on the axis of the tree stem between the crown point and the tip of the tree.
10.6. Methods of measuring tree height
Tree height measuring methods may be classified as
1)  Direct method:-  involves climbing or using height measuring rods 
· Feasible only for smaller trees 
· Advantageous in dense stands
· When high accuracy is desired 
2)  Indirect methods
a)  Using geometric principles of similar  triangles 
b)  Using trigonometrically principles and measuring a distance and the angles to the top and base of the tree. 
1. Indirect methods
A. Using geometric principles of similar triangles
Christen hypsometer is a good example of such a method.
The Christen hypsometer of 30cm length requires a pole of constant length (4m, or as in Sweden 5m, and in Switzerland 7m).  
The ruler has to be held loosely to achieve vertical position.  The sighting position of the observer has to be carefully chosen.
       C
				


                      C’  
                         B’                          B
                   A’                               A

Figure 5: Principle of Christen Hypsometers based on similar triangles 

Both the tree top C and the foot point A must be simultaneously visible at point A’ and C’ of the ruler. After subsequent sighting at the
.upper end B of the pole, the tree height is read out at the point of intersection with measuring rules.

	 O‘C’A’     OCA                                

A C   =   A’C’
	          AB         A’B’

		AC	=	AB A’C’
			                A’B’
AB = is known pole length 
A‘C’ = length of the ruler (known)
A‘B’ = the reading value (known)
AC = required?
Example:
	Given:   AB =5m		   required: AC (tree height)?			
                       A‘C’ = 30cm = 0.3m
                        A’B’ = 10cm = 0.1m
Then
	AC = AB  x A’C’ = 5m x 0.3m
		A‘B’	           0.1m
			     = 15m
Advantages of the Christen hypsometer:
· They can be easily self-made
· No additional distance measurement is required 
· Only one reading yields the wanted height 
· The height measured is not influenced by the slope
Disadvantages of Christen hypsometer:
· Only with a steady hand can serious misreading can be avoided 
· In dense stand it is often very difficult to find the suitable point of observation.
· For larger trees (heights above 20m) measurement becomes relatively uncertain because of the decrease of gradual intervals on the Christen hypsometer.  
B. Height measurement using trigonometric principle
The following instruments are commonly used to measure height.
	1)  Haga hypsometer
	2)  Suunto-clinometer
	3.  Blume-leiss hypsometer
	4)  Suunto-hypsometer
The above height measuring instruments are constructed based on trigonometric functions.  
· The distance to the tree is determined optically by means of built in prism or with a tape.
· Standardized distances as (15, 20, 30, 40) m permit direct reading of height using instrument. 
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	Figure 6: Tree height measurement on level ground

The distance D and the angle 1 and 2 are known (E = eye of surveyor).  The total height of the tree will be calculated as follows:
	tan1 = Opp.   =    BC
adj.            D
BC = D tan  1 and

CA = D x tan  2
Since the total height of the tree is BC + CA  
We obtain   AB = BC + CA
	      = D tan  1 + D tan  2

AB = D (tan 1 + tan 2) 

· The same formula holds true when you measure tree height down slope.
· On slope terrain when the height of a tree is measured at slope, the total height of a tree AB is BC – CA, and therefore for up slope measurement AB = D (tan 1-tan 2) 

B  
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Figure 7: Up slope measurement of tree height and therefore for up slope measurement
                  AB = D (tan 1-tan 2)

10.6. 1. Measuring tree heights with clinometer
To measure the tree height with clinometer, the following procedures apply:
1) Measure the ground distance between surveyor and tree with measuring tape; 
2) Determine, if necessary the slope angle in degrees with the clinometer and the corresponding cosine  decimal (on the back side); 
3)  Take the top and base reading of the tree in percent and 
4)  Calculate the height as follows:
For down slope measurement or on level ground, the base reading will be added to the top reading while for up slope measurements (i.e. both reading on the percent scale are on the positive side), the base reading will be subtracted from the top reading.
Example 1
D	= Ground distance	= 20m
S	= Slope angle		= 50 = Cos 50 = 0.9962
BR 	= Base reading 	= -25%
TR	= Top reading		= + 65%
		                                                        h = (BR + TR) x D x Cos S
                                                                                           100
h = (25 + 65)/100 x 20m x 0.9962
	= 17.9m
Example 2
D = 30m
S = 10 = Cos 100 = 0.9848
BR = 10%
TR = 120%
	   h = TR - BR x D x Cos S0 
	           100
               = (120 – 10) x 30m x 0.9848
                      100
	    =   32.5m
10.6.2. Measuring leaning trees
If a tree BD, is leaning away from an observer at A then the height recorded on a fixed scale instrument appropriate to the distance AB is FB (under estimated). However, if the observer moves to the diametrically proposed position C so that CB = AB, then the height recorded is EB (over estimated).
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Figure 8: Measuring a leaning tree
The true length of bole BD can only be calculated if the angle of lean  will be measured.
		BD = DB’/cos 	
10.6.3. Volume
Volume Calculation by Quarter Girth Formula
Volume: - Density is often measured through volume.  Because so many objectives relate directly or indirectly to volume, it is a logical measure.  To integrate volume, however, it is usually related to some standard, such as the volume in a stand from a yield table and is presented as a percentage of stockings.
Volume is the product of basal area, height and form factor:

V =  fi
10.6.4 Calculation of Volume of Logs
The volume of the log will be calculated using quarter girth formula
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Stacked Volume
The space occupied by a stack as distinct from the cubic contents of the wood itself, i. e. solid
volume. The volume of the stack is then obtained by multiplying the length, breadth and ht. of stack
V (m3) = Length (m) * Width (m) * Height (m)
V (cft) = V (m3) * 35.3
In western countries, the term cord is often used to express the volume of stack wood. ‘Cord’
common term used mostly in pulp industry and fuelwood industry. Cord Size = 4’ ×8’ ×4’
Measurement of Tree Form
Form is defined as the rate of taper of a log or stem. Taper is the decrease in diameter of a stem of a tree or of a log from base upwards.
Form Factor
Form factor is defined as the ratio of the volumeof a tree or its part to the volume of a cylinderhaving the same length and cross section astree
[image: ]
Where,
F is the form factor
V is the tree volume in cubic units
S is the basal area
h is the height of the tree
Uses of form factor
To estimate volume of standing trees
V = F * S * h
• To study laws of growthForm factor along with form point and form quotient
give an insight into the laws of growth, particularlythe stem form of trees
Biomass:
Biomass is defined as the total amount of above ground living organic matter in trees expressed
as oven-dry tonnes per unit area. This includes the bole, branch, twigs and foliages biomass as well as root, soil.
Factors affecting the biomass
Density: Density of any substance is its mass per unit volume, often the relative density which is the ratio of density of the substance of density of water is used.
Moisture content: It is the moisture in wood. But also in all parts of tress. The
moisture content varies from species, geographical areas. It also varies with age and physical condition of tress. So, it is difficult to measure. It varies in broadleaf and conifer. Moisture content varies up to 151.2 % depending on time of harvest. Moisture content =((Fresh wt-dry wt)/Fresh wt)*100%
 Bark
Biomass measurement
Biomass is the wt. of above ground vegetative matters produced per unit area. Thus, wood, branches, bark and leaves produced by trees, shrubs and herbs and other vegetation
growing above the ground are included in biomass but it does
not include roots, tubers etc; growing below ground.
• Girth measurement at 50 cm above ground gives consistently reliable results.
• All measurements should be done during the period when the trees are in stage of dormancy.
Regression Equations
For single stemmed W = a + b D2 H
For multiple stems W = a + b NS D2 H Where,
w = weight in kg D is diameter in decimeters H is height in decimeters N is number of samples a is regression constant b is regression coefficient r is correlation coefficient NS is number of shoots
F is variance ratio.

10.7. Stand Measurement
1. Stand growth and yield concepts
Stand growth is measured as the change in a selected stand attribute over some specified time. As an example, a stand might increase in volume by 2000m3 over 10 years. Its average periodic annual volume growth equals 200m3/ year.
Yield: has a dual meaning, namely, either the amount of some selected stand attribute that can be harvested and removed per period, or the total amount that could be removed at any time.
Growth: is a biological production rate concept and yield is a harvest or removal concept measured as either as a rate or an amount at a specified time.
In general, the maximum that a forest can yield at any time is the growth that has accumulated up to that time, and the maximum yield that can be removed perpetually per period equals the growth per period.
4.2. Components of forest stand growth
Living trees make increment, but its assumption does not give stand increment because some trees die, rot and are cut.  For example, consider an even-aged stand measured at two succeeding inventories 10 years apart. The distribution of stem number changes from time to time as time passes. In most cases as a result of low selective thinning and death due to high competition, the shift is towards the bigger diameter classes (Figure 2).
Figure.2.Shows the individual trees move to bigger diameter classes over time 
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The changes took place over the two successive inventories can be verbally described as follows:  
· The net change in the stand between inventories shows the 8, 10, 12, 14 and 20 diameter classes loosing trees and the 16, 18 and 22 diameter classes gaining trees. Overall, there are fewer total numbers of trees and the average stand diameter is larger.
· Dynamically, we expect most of the trees in the first inventory to have grown enough to rise into the next larger DBH class.
· Trees are lost to mortality throughout the size classes between inventories but at a higher rate in the smaller classes, which are likely to be the less vigorous, suppressed and intermediate trees.
Multiplying the number of trees in each diameter class by the appropriate volume per tree permits a volume comparison of the two inventories.  Through the comparison, volume growth can be measured.  Ingrowth, mortality, and cut complicate growth comparisons and accurate use requires careful definition.
Assume that we wish to measure growth between two successive inventories of a stand. Tree number, basal area, or volume could be measured to indicate growth, but volume is closely related to value. To estimate the growth or increment of the volume over successive time a number of growths parameters must be known, clearly understood and estimated. These are:
Ingrowth: - is the volume of new trees growing into measurable size during the measurement period.
Mortality: - is the volume of measurable trees dying during the measurement period.
Cut: - is the volume of cut timber felled during the measurement period.
Combining these three measures of stand change with the volume of living trees at the end gives the components normally used to estimate stand growth. Symbolically, the stand components can be represented by:
	V1    = Volume of living trees at beginning of measurement period
	V2  =   	“	“	“	end 		‘’	“ 
	VM = Volume of mortality over period
	C     = Volume of cut	      “       “	
	I       =    “            “ingrowths over period
Given these components, five different measurements of increment over the growth period can be defined by equations.
1.  Gross increment including ingrowth		=		V2 + VM + C - V1
2.       “    “of initial volume				=		V2 + VM + C - I - V1
3.  Net increment including ingrowth		=		V2 + C - V1
4.  Net increment of initial volume			=		V2 + C - I - V1
5.  Net change in growing stock			=		V2 - V1
The appropriate definition depends on the user's purpose: The forest owner who simply wants to know how much wood is actually being produced would use definition 3, net increment, including Ingrowth.  A system ecologist interested in total biomass would include small trees and use definition 1.  The forest researcher concerned with thinning and reduction of mortality would look to definition 2, while the national accountant monitoring the condition of the forest resource might use definition 5.  
10.8. Growth of forest stands
In the long run we should not cut more than we can grow. Therefore, it is important to understand the growth of stands. The way we predict and describe the growth of a stand depends in part on the silvicultural system used in even-or uneven aged stands.  Even-aged stands are stands where all the trees are born or initiated at about the same point in time. While tree sizes will increasingly vary as the stand ages, the calendar age of all trees is about the same when the stand is again regenerated.
· They have definite beginning and endings and are easy to conceptualize and schedule for cultural practices and harvest
· Clearly defined stand age is used to guide decisions about when to treat and harvest.
It is a common practice to know the characteristics of such stands in order to understand the structure, growth and yield potential for their effective management. The basic characteristics of even and uneven aged stands are briefly given hereunder:
 Even-aged stands characteristics
Even-aged stands have several characteristics. The following are the most peculiar ones:
1.  The number of trees decreases continuously due to mortality as the stand ages.
2.  The height of dominant and co-dominant trees increases throughout the life of the stand equaling the site index at a reference age.
3.  The diameter at breast height of the average tree increases throughout the life of the stand and the smaller trees within the stand suffer a disproportionately higher mortality rate.
4.  The basal area increases throughout the life of the stand in some species such as pines, the normal basal area rises to a plateau and remains fairly constant from then on.       
5.  Gross and net yields both rises throughout the life of the stand, with net yield gradually falling below gross yield as mortality accumulates. Eventually both gross and net yields will peak and decline as the stand begins to fall apart due to aging. 
6.  Net yield reflects the amount of yield available for removal at any age while gross yield reflects the total produced on a particular site.
A typical lifeline of an even-aged stand in terms of volume and age is shown in Figure 3 for one complete rotation.
 They are managed on rotation period basis.
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Total		=	370m2/40 years = 9.25m3/ha/a 					
Figure 3. A typical life pattern of an even- aged stand	
Uneven-aged stands
Uneven aged stands are distinguished by lacking a definite beginning or ending in time. The growth and life patterns of uneven-aged stands, unlike the even-aged stands, follow a different style. The interval between harvests in an uneven-aged stand is called the cutting cycle. The amount of living tree material left on the stand after harvest is called the reserve growing stock (RGS). The parcel or set of parcels of land that are entered at the cutting cycle are called a cutting compartment. As the management framework of an even-aged forest is built around the rotation, the management framework of an uneven-aged forest is built around the rotation.  
A cycle starts with a harvest that leaves a certain volume of reserve growing stock (RGS).  RGS  grows for the number of years in the cycle, then the next harvest cut removes the merchantable portion of this growth, plus or minus whatever is needed to adjust the RGS and  the next cycle is initiated. Growing stock volume can be measured at any time during the cycle: three choices are just:
a-  after a cyclic cut
b-  just before a cyclic cut
c-  Mid- way through the cycle.
a)  after a cyclic cut - gives the volume reserved for future growth
b)  Just before a cyclic cut- gives the volume available just before the next harvest.
c)  Mid-way through the cycle - the midpoint volume of growing stock on which growth is made, approximates the stand’s average stock level.
	

The lifeline of volume for an uneven-aged stand that is managed on a 5-year cutting cycle is shown in the figure below.
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Figure 4.  Lifeline of a ha uneven-aged stand over the sequential cutting cycles.
The pattern of harvest and growth in an uneven-aged stand is best shown through the above example.
· After an initial harvest the reserve growing stocked contained 650 m3/ha at the beginning of the first 5 years cycle.
· In the first cutting cycle the stand grew from 650m3 to 919 for an increment of 269 m3.
· At the start of the secondcycle237m3 was allocated to harvest and 32 was added to growing stock bringing it to 682m3 (650 + 32) to initiate the second 5 years cycle.
· In the second cycle, total increment was 377 of which 330 was cut and 47 added to growing stock, bringing it to 729 m3,over the two cutting cycles while the cut per cycle increased by 237 m3 + 330 m3 + 32 m3 + 47 m3or 646 m3 for an average annual growth rate of 64.6 m3 per hectare per year.

	Point in cycle
	Volume before cut
	Volume reserved after  cut
	Total periodic
Growth
	Volume cut
	Volume added to growing stock

	Beginning of first cycle
   “                  II        “
   “                  III       “



	877
919
1059
	650          +
682           +
729
	-----
269 =
377 =
	227
237 
330
	
+32
+ 47


Table:  Per ha growing stock, growth, and harvest in an uneven-aged stand on a 5- year cutting cycle		
682 = 650 + 32       V added
919 = 650 + 269     V growth
729 = 682 + 47       V added

237 + 330 + 32 + 47 = 646	
	646/10 = 64.6m3/year/ha	=   total net increment in 10 years




	
CHAPTER 11: THE BASICS OF FOREST AND WOODLAND INVENTORY 
11.1. Definition , purpose, steps and scale of forest inventories
Forest inventoryis originally a commercial term meaning the record showing quantity and value of articles in a store. Forest inventory, therefore provides the information about size and shape of the area as well as qualitative and/or quantitative information of thegrowing stock. Forest inventory defined by Loetsch & Haller 1943 as it is the tabulated, reliable and satisfactory tree information, related to the required units of assessment in hierarchical order.
It is an attempt to describe quantity, quality, and diameter distribution of forest trees and many characteristics of land upon which trees are growing. Synonymous with the term “cruise” used in NorthAmerica.
Objective
The main object is to determine volume of timber growing in the forest with a view to determine theyield.Other objects are:
To assess the value for the purposes of sale or exchange or to estimate the return to be expected from clear-felled areas.
To determine the current periodic annual increment
To prepare map of the area showing regions of high or low volume production per unit of area to help decision-making for setting up industries. In short, the object of forest inventories is to supplyinformation for forest management and planning and for pre-investment decision on forest establishment or expansion. 
Scope of Forest Inventory
To know the qualitative & quantitative record of forest (forest condition, species, species composition, stage of forest) Growing stock, MAI, annual allowable harvest Size and shape of the forest Users of forest Research and others Provides the information about the NTFPs
Information about the tigers & other animals and birds
To show the status of forest species (extinct, rare)
Forest PlanningOP writing (information for forest management)
Help for forest management options
Support in decision making to establish the indual
11.2. Sampling in forest inventories
Forest Sampling
Total Enumeration: (syn.Total count) It is not possible in case of forest measurement. Partial enumeration is also called sampling.
Forest Sampling: Sampling is a process in which inventory of the forest is carried out only in a representative portion of the whole
11.2.1. Sampling designs: Random sampling, Stratified sampling, Systematic sampling, Two-stage/multi-stage sampling
Sampling design:A sample design is a definite plan for obtaining a sample
from a given population. It refers to the technique or procedure the researcher would adopt in selecting items for the sample. Sample design is determined before data are collected.
The researcher should select a sample design which should be reliable and appropriate for his research study.
Sampling unit:Population is divided into suitable units for the purpose of
sampling is called sampling unit. In other words, beforeselecting the sample, the population must be divided into parts that are called sample units.
How to find the number of sample plots:
Sample intensity= (sample area/Total area)*100 Sample area= (Intensity*total area)/Sample area
Number of sample plot = (total sample plot are/ individual plot area)
Advantage of sampling over total measurement:
1. Reduced cost and saving of time
2. Relative accuracy
3. Knowledge of error
4. Greater Scope
1. Reduced cost and saving of time
Data collected certain % of forest areas 
Save time and cost
Less measurement
Less number of man power needed
2.  Relative accuracy
Total enumeration is more accurate but sampling may provide better result in case of large areas.
Time elapses raise question
Appropriate sampling intensity provide better result
3.  Knowledge of error
Total enumeration gives false result
The error is calculated at last 
But sampling after sampling
4.  Greater scope
Highly trained man power needed
Volume or biomass partial sampling widen scope
11.2.2. Selection of trees on sampling units: Distance methods, Fixed-area sampling units
Types of Forest Sampling
1. Simple Random Sampling
2. Stratified Random Sampling
a. Proportional allocation of field plots
b. Optimum allocation of field plots
3. Systematic Random Sampling
 Simple random sampling
This is defined as process of partial enumeration that the sample units are selected in such a way that each and every unit of the population has an equal and independent chance of being selected in the sample.
Two conditions to select samples:
1. with replacement: that sample unit is replaced before making next draw.
2. Without replacement: that sample unit is not replaced before making next draw
Selection technique:
(i) Lottery method- Lotto (ii) By random no. table method- Bingo
Merits
(a) Scientific method and no. bias
(b) Estimation methods are simple and easy
Demerits
(a) If sample chosen is widely spread, takes more time and cost
(b) A population frame or list is needed
(c) For a given precision, it usually requires larger sample size.
When to use: If the population is not widely spread geographically
 If the population is more or less homogenous with respect to the characteristics under study. Most applicable for initial survey in an investigation.
Stratified Random Sampling
If a population from which a sample is to be drawn does not constitute a homogeneous group, stratified sampling technique is generally applied in order to obtain a representative sample.
In this sampling, the population is divided into several subpopulations, i.e. more homogeneous than total populationcalled strata. Then sample items are selected from eachstratum. If the items selected from each stratum is based on simple random sampling. The entire procedure first stratification and then simple random sampling, is known as stratified random sampling
Criteria of stratification of forest area:
• Topographic features
• Forest types
• Density classes
• Volume classes
• Height classes
• Age classes
• Site Classes, etc
Merits
·  More representatives than systematic and simple random
· Greater accuracy than simple random
·  Administrative convenienc
Demerits
· More time and cost due to wide geographical area
·  Sampling units for each stratum is necessary
·  Require more prior information about population
When to use
·  When populations are heterogeneous
·  If the sampling problems differ in various sections of the population
Assuming that a total of 150 sample units will be measured on the ground, there are two common procedures for distributing the field plots among the five volume classes.
These methods are known as proportional allocation and optimum allocation.
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Proportional allocation of field plots
The sizes of the samples from the different strata are kept proportional to the sizes of the strata, which are mostly used. The more the size of strata, the more the sample plots. Suppose, if strata are of 4500 m2 and 3000 m2 with a plot size of 30 m2 of a population of 8000. Then the former has more plots than the later.This approach calls for distribution of the 150 field plots in
proportion to the area of each type. The general formula is To compute no. of plots, for example; Class I: 15/300 ×150 = 7 plots. One disadvantage of proportional allocation is that large areas receive more sample plots than small ones, irrespective of variation in volume per acre. Of course, the same limitation applies to simple random and systematic sampling. Nevertheless, when the various strata can be reliably recognized and their areas determined, proportional allocation will generally be superior to a non-stratified sample of the same intensity
b. Optimum allocation of field plots
When the cost of selecting an item is equal for each stratum, there is no difference in within-stratum variances, and the purpose of sampling happens to be to estimate the
population value of some characteristics. In case, the purpose happens to be to compare the
differences among strata, then equal sample selection from each stratum would be more efficient even if strata differ in sizes. In cases, where strata differ not only in size but also in variability and it is considered reasonable to take larger samples from the more variable strata and smaller samples from the less variable strata. With this procedure, the 150 sample plots are allocated to the various strata by a plan that results in the smallest standard error possible with a fixed number of observations.Determining the number of plots to be assigned to each stratum requires first a product of the area and standard deviation for each type, as derived earlier.
In general terms, for a sample of size n, the number of observations n
h to be made in stratum h is The number of plots to be allocated to each stratum iscomputed by expressing each product of “area time’s standard deviation” as a proportion of the product sum, eg. 11,750. Thus, the 150 field plots would be distributed in the following manner: Class I: 300/11,750 ×150 = 4 plots.
Systematic sampling
In some instances, the most practical way of sampling is to select every ith item on a list. Sampling of this type isknown as systematic sampling.An element of randomness is introduced into this kind of sampling by using random numbers to pick up the unit
with which to start. For instance, if a 4% sample is desired, the first item would be selected randomly from the first twenty-five (1-25) and therefore every 25th item would be automatically be included in the sample. Thus, in systematic sampling, the first unit is selected randomly and the remaining units of the sample are selected at fixed intervals. For example, let there are 200 trees, where diameters are needed and we have to select 10 trees. Then, Sampling intervals, K= N/n = 200/10 = 20Then, say, 1st random start, I = 8th tree
Then, sample selected tree numbers are I, i+K, i+2K,i+3K……= 8, 28, 48, 68…
Merits:
This method is simple, administrative easier and quicker or it is easy to operate and checking can be done quickly.
It is possible to select a sample in the field without a sampling frame.
Less costlier in case of large population
Demerits:
If there is a hidden periodicity in the population, sampling is inefficient. Eg. If 4% sample, every 25thitem may be defective or all good items.
Not suitable for more heterogeneous
Not suitable for infinite population
When to use
When lists of population are available
Suitable for chronological (classification a/c to time), alphabetical or numerically ordered data, e.g., hospital records, names in telephone directory, etc
11.3. Application of RS and GIS in forest inventory
· RS data is obtained by sensors (optical, radar, lidar) on satellites or by cameras equipped with optical or infrared films, installed in aircrafts RS data covers large and/or remote areas which are otherwisedifficult to access
· RS data identifies boundaries between different land-use categories and may provide information on the variability of carbon stocks depending on the resolution of the data
· Archives of past RS data can span several decades and can be used to establish time-series in land uses and land-use changes
Most common RS types
1. Aerial photographs; can identify forest tree species, forest structureand age distribution, smallest spatial unit 1 square meter
2.Satellite imagery; medium resolution (10-60 m), complete land-use/  land cover of large areas, long time-series data can be obtained
3.Radar imagery (Synthetic Aperture Radar); fine resolution (< 5 m), operates at microwave frequencies, can penetrate clouds and haze, I   i ndentifies land cover categories and
4. Lidar (Light detection and ranging); fine resolution (< 5 m), uses
1) same principles as radar and may be combined with ground data to
2) assess the biomass contents of vegetation
· While Radar imagery and Lidar (fine resolution, < 5m) are very costly,
satellite imagery is available for free or at low costs
For example “Landsat” (medium resolution 10-60m) provides complete
global coverage for early 1990s, early 2000s and 2005
--> Primary tool to identify land-use categories and monitoring area
change (e.g. deforestation)
   Coarse resolution data (250m – 1 km, e.g. Modis, SPOT-VGT) can not
be used to estimate area changes but provides daily data and can be
used to control cover changes possibly in combination with medium
resolution data or ground reference data

11.4. Site assessment and Estimation of yield and growth 
11.4.1.  Site Quality
The productivity of a site for tree growth is usually evaluated on a stand basis. Considered in this way, site quality expresses the average productivity of a designated land area for growing forest trees. A common way of expressing relative site quality is to set up from three to five classes, or ordinal ranks, such as site I, II and III. The characteristics of each class must be defined to enable any area to be classified.  Site is complex of physical and biological factors of an area that determine what forest or other vegetation it may carry 
Site quality is measure of relative productive capacity of a site for a particular species 
Different site gives different growth response to different spps.
This help to evaluate the vegetation characteristics and site factors
Site Quality can be evaluated by following factors:
 1. Site factors : it is effective climatic, edaphic and biotic factors which influence the growth and development of forest or other vegetation in locality.
 So, CVP= (Tr/Ta)*(P8G/12)*(F/100) Where, CVP index= climate, vegetation and productivity index Tr & and Ta are maximum and minimum temperature, P is precipitation in mm , G is growing period in months and E is a measure of evapo-transpiration 
2. Vegetative characteristics: Site qualities can be described and differentiated either by the types of plants occurring naturally in the area or basal areas, volume, diameter or heights of trees which form the dominant part of the vegetation in the area.
3. Plant indicators: One possible way to evaluate site quality is to use the composition of the vegetation and search for some characteristics of plants which may be correlated with site qualities. This approach is based on the theory that certain species of lower vegetation, i.e. herbs and shrubs are clear indicators of the suitability of the site for a particular tree species or forest type. As such they can be used to describe and differentiate site qualities. 
4. Tree characteristics: The most important characteristics of tree which reflect the productivity of site are its volume, basal area, dia and ht. As the primary object of site quality differentiation is to assess its productivity, the quantity of wood produced per unit area should therefore be the ideal measure of site quality, but as this method requires prior calculation of volume, it is difficult to apply in practice. The site classes are delimited by one of the following methods: a) Strip-height method based on Baur’s method b) British Forestry Commission (BFC) method c) FRI Method
11.4.2. Analysis of increment: Current annual increment, Mean annual increment
Increment: Increase in diameter basal area, height, volume, quality, price or value of trees or crops during a given period 
CAI: current annual increment is defined as the increase in tree size in one year. 
PAI: it is difficult to measure the increment annually, the average annual growth over a period of 5 to 10 years is commonly substituted instead. The difference in tree size between the    start and end of a growth period divided by a number of years involved is properly termed as periodic annual increment. 
MAI: is derived by dividing total tree size at any point to time by total age. 
Total increment: it is the increment of a tree from origin to age when trees cut
CAI & MAI relation
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CAI is small in early stages (seedlings and saplings), increases slowly at first, then more rapidly to the maximum, after which it begins to decline, and finally ceases with its mortality. The sum of CAIs laid on for the entire period gives the total volume, which when divided by the age gives the MAI. It is an arithmetically derived value and coincides only twice in the life of a crop; once at the end of the first year and once later, when culminates and equals the CAI.
A time may come when there may be no growth at all and so the CAI will be zero. Unless the tree or stand is cut, loss in volume may start taking place due to rot or other damages and then CAI will become negative. But the value of MAI is never zero. In other words, until the tree or stand is cut or destroyed, the MAI is always positive. The curves of CAI and MAI cross each other at the maxima of MAI curve. The age at which they cut, is the age of maximum production. In short, 
· To begin with the MAI, keeps below the CAI While the CAI is more than MAI, 
· the MAI is rising The CAI attains the maximum before MAI 
· The CAI is falling when the MAI is still rising 
· When the CAI is equal to the MAI (the two curves intersect), the MAI is stationary, and has attained its culmination point. The MAI curve is flat at this point and the MAI is about the same for some years and some years after it. If the crop is felled at this age, at which the MAI is maximum.
Increment Percent
It is defined as the average annual growth in diameter, basal area or volume over a specified period expressed as percentage of diameter, basal area or volume A. Diameter increment % A) Compound interest formula: the increment of a diameter , ht & volume in tree is like the increase in capital at compound interest So, D= d(1+p/100)n how to derive p Where, D is diameter after n years, d is dia at initial year, p rate of increment in % and n is number of years D= d(1+p/100)n  how to derive p by compound interest formula (1+p/100)= n√D/d P= (n√D/d-1)*100
11.4.3. Estimation of growth and yield: Growth and yield models
Growth and Yield models which use individual trees as the basic unit have been developed for mixed species, uneven aged as well as pure even aged stands An example is FOREST, a computer model published by Ek and Monserud (1974) for simulating the growth and reproduction of even or uneven aged mixed species stands Usual input for FOREST, a distance dependent model, is set of tree coordinates and associated tree characteristics (e.g. ht, dia, age, clear bole length and species) 
· In any year of simulation optional redirection routines may be called to allow for regeneration by seed and sprout production of the overstory.
· Silvicultural treatments, including site alteration, cutting or pruning operations may be specified for implementation as stand develops 
· Output of the model is the form of periodic stand tables with yield and mortality for various products
Stand table projection
Stand Table is a table showing the distribution of stems by diameter classes for each of the series of crop diameters. A stand table gives number of trees in each diameter class. Future stand tables can be predicted from current stand tables using a stand table projection method. 
· Recognizes the structure of a stand and 
· Best suited to uneven-aged, low- growth projections are made according to dbh classes. density and immature timber stands 
· There are cases where the reverse information is needed, i.e. predicting the past instead of the future.  Examples of these scenarios include estimating timber damages and retroactively establishing the tax basis of timber that was earlier inherited or purchased (Quang, McCarty, Shanna 2006).
The procedure growth prediction
· Conventional inventory showing the number of trees in each dbh class. 
· Past periodic growth, by dbh classes, is determined from increment borings or from re-measurements of permanent sample plots, when increment borings are used, growth values must be converted from an inside-bark basis to outside bark readings
· Past diameter growth rates are applied to the present stand table to derive a future stand table showing the predicted number of trees in each dbh class at the end of the growth period. 
· Numbers of trees in each class must then be corrected for expected mortality and predicted ingrowth.
· Both present and future stand tables are converted to stock tables by use of an appropriate local volume table. Thus, for short growth periods, the expected changes in tree height during the growth period are inherently accommodated by diameter increases. 
·  Periodic stand growth is obtained as the difference between the total volume of the present stand and that of the future stand.
·  A Example of Stand Projection The upward movement of trees into larger dbh classes is proportional to the ratio of growth to the chosen diameter class interval 
· Growth-index ratio = g/i Where, g = diameter growth (in inches) i = diameter-class interval (in inches).
An example, using the 6-inch dbh class, Diameter growth = 2.2” and Interval = 2” Here, Growth-index ratio = 2.2”/2”  =  1.10 The interpretation of a growth-index ratio of 1.10 is that 1oo% of trees move up one dbh class, and 0.10 or 10% of these advance two classes. It means 90% moves up to the 8” and 10% move all the way to 10” class. None will remain in the 6” class in this instance. If the growthindex ratio had been less than unity, for example, 0.80 or 80% of the trees would move up one class interval, and 20% would remain in the present dbh class.
To apply the method of stand table projection, the following data are required: 
a) Diameter growth information 
b) Present stand table
 c) Local volume table 
d) Information to calculate ingrowth 
e) Estimates of mortality 
Assumptions: 
· All trees in each diameter class are located at the class midpoint and that all trees will grow at the average rate. 
· Trees in each diameter class are evenly distributed through the class and that each tree will grow at the average rate, 
· Recognize the actual position of trees in each diameter class and apply the diameter growth for individual trees in the class
2. Whole stand modeling
· Estimation of stand growth is crucial for forest planning and decision making. 
· Whole stand Model is used to estimate and predict stand  growth and yield. it is summarized to produce the standlevel variables actually needed for planning and decisionmaking. 
· This model can predict current conditions based on measurements of stand basal area and the average dominant height of all trees, regardless of species.
· For future basal area estimates, a projection model based on existing basal area and commonly measured stand variables is needed.
· Stand variables overlap with respect to age, trees per acre, basal area per acre, and stand dominant height.
· Current basal area per acre can be obtained through typical inventory procedures, while projected dominant height can be estimated using currently published site index/dominant height equations.
· In this modeling, growth and yield mostly are used as dependent variables and site quality, crown classes or stand density, number of trees, quadratic mean diameter, stand mean age, basal area, volume and crown class proportion of the stand trees are used as independent variables.
Limitations of whole-stand (stand-level) models: 
1. Not feasible (yet) for many complex uneven-aged stands. 
2. Not where detailed tree-level information is crucial, 
3. Cannot be reliably generated from stand-level variables. 
4. Observational data for fitting whole-stand models are not available for the full array of silvicultural treatments and natural disturbances.
3. Individual tree Modeling
· Approaches to predicting stand growth and yield which use individual trees as the basic unit are referred to as individual tree models 
·  Individual tree models work by simulating the growth of each individual tree in diameter, ht, and crown and deciding whether it lies or dies, calculating its growth and volume, and growth rates. 
· Models based on individual tree growth provide detailed information about stand dynamics and structure including the distribution of stand volume by size classes o
· The components of tree growth in tree models are commonly linked together through computer program which simulates the growth of each tree and then aggregates these to provide estimates of stand growth and yield.
· In any year of simulation optional routines may be allowed for regeneration by seed and sprout production of the overstorey 
· Silvicultural treatments, including site alteration, cutting or pruning operations may be specified for implementation as stand develops 
· Output of the model is the form of periodic stand tables with yield and mortality for various products Based on whether or not individual trees are  required tree attributes, Individual tree models can be divided into two classes: 1. Distance Dependent Modeling 2. Distance Independent Modeling
Distant Dependent Models
· Growth of each tree is stimulated as function of its attributes, site quality, and a measure of competition from neighbors. 
· Each individual tree is mapped to determine the distance to, bearing, and size of all adjacent trees that are competing with the subject tree for light, moisture, nutrients.
· The radius of the zone of influence of each tree is assumed to be circular and related to tree’s dbh 
· Tree growth is commonly adjusted by random component representing genetic & micro site variability.
· These models use measures of point density to estimate the level of competition for each tree and model growth as a function of tree size and competition (Husch et al, 2003). 
· \Yield estimates are obtained by summing the individual tree volume & multiplying by appropriate expansion factors.
Ci=∑j=1n(dbhj/dbhi)/DISTij
Where Dbhj= dbh of jth competitor Dbhi= dbh of ith subject tree DISTij=distance between subject tree I & jth competitor CIi= competition index of ith subject tree n= number of competitors.
Distant Independent Models
· Distance independent models project tree growth either individually or by size classes, usually as a function of present size & stand level variables (eg. Site index, BA per unit area). 
· It is not necessary to know location when applying  these models 
· Typically distance independent models  consist of a diameter growth component, i) a ht growth component (ht-dia relation to predict ht ii) a mortality component 
·  Mortality may be generated i.e. determined through random process or it may be predicted as a function of growth rate.
· Each tree is modeled separately and its competitive position is determined by its individual diameter, ht. and condition to its stand characteristics, such as basal area and average diameter 
· Distance-independent models only require information about tree characteristics as inputs. These models predict tree growth based on initial tree characteristics and general expressions of competition (eg. Stand density index, total basal area, basal area of larger trees, relative height). 
·  Distance-independent models are more common than distancedependent models primarily because detailed information about tree locations is relatively unavailable.
Application of Growth & Yield Models
· To model the flows of timber and other resources for forest management planning. 
· To assess tree and stand responses to silviculture treatments and aid in the design and selection of appropriate treatments given management objectives. 
· By linking growth and yield models to wildlife habitat suitability models changes in habitat quality can be assessed. 
· To predict changes in tree and stand values for periods between successive inventories. 
· To evaluate the impact of management policies on the sustainable use of forests.
· To understand the general tree growth responses in relation to habitat characteristics
·  To examine relationships between stand growth and  structural diversity 
· To forecast the development of both pure even-aged and mixedspecies uneven-aged stands To make decisions for feasible investment options 
· To make comparisons to choose best original spacing, rotation timing 
· To predict work programs when budgeting costs and revenue





















CHAPTER 12
Forest management
12.1. Forest management in forestry
Forestry and forest management are terms difficult to define. Some of the classical writers in forestry included mensuration, finance, and administration under forest management; today these are special courses. The immediate bases of forest management are a number of technical fields of forestry, such as surveying, mensuration, silvicultrue, and protection.
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On the basis of these brief general considerations it may be stated that forest management as a technical subject of instruction deals with the organized application of silviculture, protection, engineering, logging, and other technical fields of forestry to a particular tract or tracts of forest land.
The German forester Wagner simply defines forest management as the organization of the forestry activities on a specific property. 
Huffel, a French writer, defined more explicitly that forest management consists of the sum of all the operations, which have as their purpose the regulation of the harvesting of forest products.  According to Huffel, to manage a forest means to establish an instruction for its orderly “exploitation or cutting.”  The usual implication of orderly harvesting is that the forest is managed on a sustained–yield basis. This means the yearly or periodic cuttings are regulated in such a way that a continuous flow of forest product from a particular tract of forest land will be assured for an indefinite periods of time. Although the general field of forest management is extremely broad in scope, its treatment as a specific subject necessarily must be limited. Hence, it can be summarized that the main objective of forest management is to secure and assure uninterrupted annual or periodic yields from a forest.
12.2. Forest management versus forest exploitation
Forest exploitation involves the harvesting of forest products from a forest without a regard for future returns from the same area. Forest management, on the other hand, is concerned with sustained yield and may be described as " the management of a given forest unit so that the annual or periodic yield of timber or other forest products can be maintained in perpetuity.
12.3. Economic limitations of forest management	
12.3.1. Degree of intensity of forest management
Forest management, involving costs incidental to the preparation of a management plan and the carrying charges in the handling and administration of a forest property, can be undertaken only where the difference between the costs incurred and market value of the products will allow a reasonable return on the investment. The intensity of forest management depends on a number of factors for its economic justification. Among these are the location of the forests property in relation to markets, its accessibility, the timber species which can be grown, their growth rates, and the price structure of the products harvested. Another factor is the size of the forest.  It is obvious that a 100 ha wood lot can be managed more intensively than a million ha national forest. 
12.3.2. Types of forest lands subject to management
Forestland, which is subject to management, may be classified on the basis of ownership and use.  The ownership status has an impact on the capital investment, management objectives and implementation strategies of the forest resource to be manipulated. In classical works, three ownership statuses are identified: private, community and state ownership.  Privately owned forest are managed on the basis of the objectives set by the owner while community and state owned forests are managed based on the community and state objectives. For instance a fuel wood plantation of Eucalyptus species established by a private enterprise is managed based on a short rotation for high biomass production and financial return. In contrast a community owned plantation might have a gully protection objective. The management strategy and capital investment and the degree of management of the two types of forest differ very much. 
Forests are also classified based on the uses they provide to the community. All forests can be divided into protection, recreational forests and parks, rangelands and production forests.
· Protection forests are forests that have protection objectives as their primary task. They are established to protect steep slopes, soil erosion prone areas, and watershed catchment. In many cases the forest cover is utterly worthless from the timber-producing standpoint although in some cases a restricted utilization is permitted.
· Recreation forests, wildlife parks and sanctuaries are forest reserve areas where the forest resources are managed for the purpose of wildlife. 
· Production forests are forests established and managed for the purpose of producing commodities and services to meet specific needs of the community. These forests can be plantations or natural forests. 
· The basic aim of forest management is to keep forestlands production sustained.  Productivity may be thought in two senses as continuity of growth and yield or harvest. 
Forest regulation
Forest regulation: determines what, where and when timber harvesting takes place on the managed forest. The regulation decisions indicate what species and how much of them should be cut.  They also in many cases, indicate where on the ground the cutting should take place. Forest regulation decisions determine both the timber and non-timber products obtained from the forest. The size of harvests, their placement and the configuration of the cut can also be used to manipulate forest production. 
Regulation decisions are long term decisions. The area cut today takes decades before it is ready to cut again.  Different products will come from a stand at different stages of its life; hence, the timing of the cut also determines the sequencing of this product flow.  Furthermore, planning the cut decades in the future often requires projecting costs, revenues and yields for the same time period.
A regulated forest is one that yields an annual or periodic crop of about equal volume, sizeand quality. Thus, forest regulation consists of manipulating forestlands and growing stock to best achieve the forest owner’s yield objectives.
Note that the crop may be less than “Maximizing”. The necessary condition for a regulated forest is the periodic yield not the quantity or degree of site utilization. Note also that both the kind of crop and the desire volume, the owner to coincide with his or her objectives define size or quality. Regulating a forest is often a main forest management objective. The regulated forest is desired to obtain a sustained yield of forest crops. 
The normal forest
The normal forest is a conceptual model for forest regulation that was developed in Germany and France.  The model is predicted on cutting fairly small uniform blocks of even-aged timber.  The management objective was maximum timber production. 
The normal forest is defined as one having:
· Normal increment
· Normal age class distributions and 
· Normal growing stock levels
· Equal site condition.  
Normal increment was generally considered to be the maximum attainable for a particular species and site.  Thus, some thing more than mere regulation was required. Normal age class distribution occurred when the forest had a series of stands of equal productivity (but not necessarily size) varying in age by equal intervals from the youngest age class to the oldest. The oldest age class was equal to the rotation age. This age distribution caused the periodic even timber harvest.
The normal forest and its management can be demonstrated by assuming a 25-ha forest on a 25–year rotation with 25 stands, each 1-year-older than the next.  The site is equal on all stands and each stand is cut on January 1 of its 25th year and instantaneously, regenerated.
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To make it simpler and show it graphically on stands felled at 10 years interval;
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A normal forest and a regulated forest are not the same thing. The difference is that all normal forests are regulated but not all regulated forests are normal. A normal forest is a maximum concept (maximum increment) and deals with an even-aged forest. Regulated forest may be even or uneven-aged and need not produce maximum increment. Thus, a normal forest is a special case of a regulated forest.
The normal forest does not exist anywhere with all its conditions fulfilled because of the diversity in nature; for example, some genetic variation in growing stock would be expected, as would variation in site.  This could of course, be rectified by variable-sized stands if the variations were known and the differential yields caused by them could be predicted.  
However, the concept of a normal forest still has great value. It is the normative model for even-aged management plans and embodies management principles that forests currently strive to affect. The idea of a constant yearly wood flow, or a constant flow in small yearly multiples, is basic to all management plans. The idea of maximizing growth (increment) on forest stands is the main management objective (theoretical base). 
Regulating even-aged forests
The management of even-aged stand is characterized by the application of clearly defined rotation periods. There are several terms that should be defined before discussing even-aged forest management.
a)  The regulatory rotation age: is the number of years between final harvest cuts. This is the number of years that would be used in a cash flow analysis.
b)  The cutting rotation age: is the age of the timber stand when it is cut. This is the number of years that would be used to determine yield from a yield table.
The cutting rotation age may be less than, equal to, or greater than the regulatory rotation age. The cutting rotation age is less than the regulatory age in clear-cut management when the harvested area allowed lying as fallow for one or more years before the stand is reestablished. The two ages are equal when the new stand is established immediately after the harvest. The cutting age is greater than the regulatory age when reproduction is established prior to harvest, as in a shelter wood system.
All silvicultural operations culminate in the harvest of forest products such as fuel wood and timber. Cutting has the most de*cisive influence on forests. The determination of the annual cutting rate has therefore a fundamental importance for the future shape and development of forests. The purpose of determining the annual cut is to maintain a sustained yield and decide upon: 
· The total volume of timber to be cut 
· The kind, quality and size of timber  to be harvested
· Where to cut and in which sequence
These decisions have to take the following considerations into account:
· Management objective
· Market situation for the different products 
· Silvicultrue needs and constraints (regeneration methods, pests)
· Logging problems
Methodology
In general there are two possible approaches to the determination of the annual cut:
a)  Through area control
b)  Through volume control
Neither approach however can give a complete answer as neither area nor volumes are inherently complementary.  A timber volume to be cut is only meaningful unit it is related to an area (in terms of stand, compartment, etc.) that will equal it.
a) The area control
The principle of area control is that every year a certain area of timber is available for harvest, which provides an even yield of timber 
			a   =      A
				                R
Where:
	a = cutting area in ha/year
	A = total forest area in ha
	R = rotation period in years
Example:		A= 500ha
			R = 10 years		

	a =    A	=   500ha     =       50ha/year
	          R                10years
b) The Volume control
In volume control, the cut is determined by the volume distribution of the growing stock and/or the increment. The required data are obtained from the results of the forest inventory.  In approximately fully regulated forest, i.e. in a forest where the age classes are represented by equal areas, a regular and more or less linear increase in volume by age-class can be observed. The growing stock can therefore be represented by a right triangle in this ideal case. The total growing stock then corresponds to the area of the triangle VV'C. 
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Figure 7.2.1.1: Growing stock of a fully regulated forest 

The annual stock is calculated as follows:

		C	= Gs  x 2
			       R
Where:		C = annual cut (m3)
           Gs = growing stock (m3)
		R = Rotation period 

Example:	Total forest area   = 450 ha  
		Growing stock	     = 45000 m3
		R      		     = 50 years

Therefore   C = 45000 x 2   = 1800 m3 / Year
		       50
				= 4m3 / ha
c) Control of utilization
The planed inventories cut is compared to the actual cut within periodic. The aim is to maintain a sustained yield of forest products. It is clear that only in ideal cases the actual annual cut corresponding to the one, which was determined at the beginning of the inventory period with the help of formulas as above. In principle however the total actual cut within the planning period should correspond to the planned one, i.e. the total cut divided by the number of years of the planning period should result in the planned annual cut.  Using the following formula can control this:

	I  	= 	(Vt+n   - Vt  ) + Hn   (m3  / ha)
				n

Where: 
	I 	 = Periodic increment
	Vt+n       = Stand volume in m3/ha at the end of the planned period
	Vt	 = Stand volume at the beginning of the planned period
	H n	 = Sum of the intermediate harvests / ha within planning period 
	n  	 = Planning period in years. 
Sustained management was maintained if the actual annual cut did not exceed the periodic increment.
Example:   Vt+ n    = 480 m3/ha
		Vt     = 430 m3/ha		
		Hn    = 50 m3/ha
n       = 10 years

I =   (480 - 430 ) + 50
			    10
		   = 10 m3/ha a-1
In this example, the periodic increment 10m3 is far above the annual cut 4m3. The result is an increase of the growing stock.  All harvesting within the planning period are entered into the compartment register. The compartment register reflects the silvicultural planning which is based on the results of the forest inventory and registers the implementation of the planned measures within the planning period. By comparison of the planned targets with the actual achievement it is possible to control the management of stands and compartment within a district.
.Even-aged forest regulation with different area representation per age class
Forest regulation: is in the final analysis, a tool to achieve management objectives. Therefore, objectives must be specified in order to know how to use the tool. The implicit objective in most historical regulation schemes was to maximize the volume harvested and to maintain an increasing or eventually, even wood flow. Maximum wood yield is obtained by choosing the correct rotation age.
Example:	  Total forest area  	= 	7000 hectares
R         = 	70 Years assuming that cutting and 
		regulatory rotation age are the same

Table 6.2.2.1.  Age Distribution for hypothetical Cupressus lusitanica forest 
	
	
	     Proportionate
	    Hectares

	Age Class Year
(1)
	Hectares
(2)
	Total
(3)
	One year class
(4)

	1-10
11-20
21-30
31-40
41-50
51-60
61-70
71+
	750
250
250
750
1250
0
1250
2500
	7.5
2.5
2.5
7.5
12.5
0
12.5
25.0
	0.75
0.25
0.25
0.75
1.25
0
1.25
2.5

	Total
	7000
	70
	7.0



One hundred hectares would be desired in each age from 1 through 70 years if all the conditions of the normal forest held true. One way of analyzing the actual age class distribution to see if it looks this way is to calculate and manipulate proportionate hectares.Proportionate hectare is a hectare stated in proportion to the rotation age.  The sum of all proportionate hectares in all of the age classes equals the rotation age. Proportionate hectares are calculated using a simple proportion; 
			PAi      =       R
			Ai                Ai

			 PAi     =     Ai  x R
					 Ai  
Where:		PAi    = Proportionate hectares in the ith multiple year 					age class
	Ai      = actual hectares in the ith multiple year age class
		 R      = Rotation age

For example, if the total actual hectares in the hypothetical forest is 7000 hectares and the rotation age is 70 years; then, the ratio R / Ai is
						
			R       =       70    =    0.01
		Ai             7000
The proportionate hectares (Column 3) are obtained by multiplyingthe actual hectares inthe age class (Column 2) by the ratio. For example in the 1-10 age class 750 actual age class hectares x 0.01 = 7.5 proportionate hectares. The concept of the normal age distribution may be presented graphically using a frequency distribution of the proportionate hectares.

Proportionate hectares
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                 2.0

                 1.5

	     1.0

                  0.5


		10      20        30    40      50       60        70        70+
						Age (years)
Figure 7.2.2.1.  Frequency distribution of age classes in proportionate hectares				
One proportionate hectare is desired in each yearly age class. This is a straight line at the 1.0 proportionate hectare mark that extends to the oldest desired age, 70 year, and then down to the X axis (double line in the above figure).  The rectangle formed by this double line and the X and Y-axis indicated that 1 proportionate hectare is desired in each age from 1 to 70 years. This is needed to perfectly regulate the forest, if we assume equal site and normal stocking.
The distribution of proportionate hectares currently found on the forest can be plotted by first calculating the number ofproportionate hectares in each 1-year age class.  This is done by dividing the proportionate hectares in the actual age class by the number of years in the actual age class (10 years in our example) to obtain the proportionate hectares in 1-year age classes. 
The number of proportionate hectares in the 1-year age class can then be plotted on the same frequency distribution.  For example, the 1 to 10 - year age class has 0.75 hectares in each 1- year class; the 11-20 year age class has 0.25 hectare each year; and so forth. There is an implicit assumption that the actual hectares within a multiple year age class are equally distributed over that multiple year age class.  
The actual and desired age distributions can now be readily compared. There are too few hectares in the 1-40 and 51-60 age classes; that is below the double line. There are too many hectares in the 41 - 50 and 60+ age classes; that is above the double line. 
The regulation objective is to rearrange these age classes to obtain a normal, or near normal, age distribution by manipulating the cutting schedule.  This distribution is desired because it will provide the equal amount of wood flow and volume established as a management objective, provided the site and management practices remain the same on all hectares. 
The normally distributed age class (double line) can be obtained fastest by unmodified area control. This requires cutting 1 proportionate hectare a year for the next 70 year. The impact of this policy, if it is followed until the timber currently in the 41-50-age class is harvested, is examined by projecting the age distribution. Projecting the age distribution caused by this cutting policy is accomplished most easily if viewed as two separate cases:
a) When the timber stand is not cut
            b)    When the timber stand is cut
12.4	Forest policy–meaning and origins
The word policy means many things to many people. In general policy means:
 “A definite course or method of action (as by government, institutions, groups or individuals) from among alternatives and in the light of given conditions to guide and usually determine future decisions”. The emphasis will be on the need for the formalities and implementation of suitable forest policy, based on the relevant facts and on the views of all who are directly concerned as well as the general public. 
The formulation of forest policy is a continuous process designed to maintain the balance between the forest resources as a potential supplier on the one hand and the society as the consumer on the other hand. 
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Figure: Frame work of interrelationship’s around forest policy (M. decoulon, 1977)


12.4.1 Forest policy formulation 
Policy formulation is above all a government responsibility because the implementation of important decisions generally requires actions by the government or at least the approval of government.  It is only within the framework of general government policy for forests and forestry that meaningful decisions can be taken by woodland owners, foresters and others concerned. The objective must be to reach realistic decisions, which can be implemented and enforced.  A realistic forest policy must be:
1. Appropriate to the physical, social and economic conditions of a country: climate, topography, extent, type of forest cover, density of population, degree of economic development and systems of land tenure are among the factors to be considered; furthermore the analysis of these factors should be future-oriented, taping into account foreseeable changes. 
2.  Acceptable to or at least tolerated by those who are affected by it.  Need to be considerate to customs or livelihood of the people living in or near forests. This implies that consultation is always needed.
3. Backed by the necessary technical, financial and human resources for implementation as well as by legislation; 
There may be conflicts of interest between the population as a whole and those living in or near forests.  The purpose of forest policy is thus to reconcile this.  Forest policies and other polices must be consistent with each other and where there are conflicts of interest, these must be resolved.  For instance, forest policy is an important component of land use policy, agriculture, environment, industry, etc. What is important to forest policy development is coherent development approach that focuses on the whole but not on single policies.  It is only forest policy is developed or a sector policy in its own right that the various aspects of forest policy can be properly coordinated. 
· 12.4.2. The steps in policy formulation
The following are the main steps are policy formulation. 
· Assembly of information 
The starting point for policy formation is existing forest policy if there is one. Policy has to be deduced from a host of legislative and administrative members taken individually and over a period of years or even centuries. The second category of information to be collected refers to in forestry situation: forest areas, ownership, standing volume increment and volume of cut and as well as the relevant facts on climate topography, soils, fauna, flora, etc. Ideally a comprehensive national inventory should be undertaken. 
· Analysis of options and the process of constrictions
Before option can be analyzed and advantages and disadvantages of each considered, the options must be clearly identified.  The analysis of options should take into account not only the relevant facts concerning the forests, laws’ and customs but also the views of all interested parties because Government decisions on forest policy affect many interests of different sect
· Definition of objectives
A broad definition of objectives is essential before even the facts of the situation are assembled.  A common mistake is to list a series of objectives without any consideration of priorities, of mutual compatibility or of the resources that are needed for their implementation. 
· The taking of decisions
Decisions on forest policy are often tartan individually rather than as a comprehensive ‘’package’’. It may be that a protection and be requires immediate decisions some times for reasons out side forestry search as on economic reason became of payment defectives. 
· Implementation
The implementation on forest policy requires decisions on funding, staffing administration, law and timing. There must also be to forest authority suitably manned and equipped to implement decisions and monitor progress. The monitoring of progress not only enables achievement to be compared with what has been planned, but also indicates what further policy changes may be required.     
Principles of forest planning
· The traditional working plan
Planning poses more problems in forestry, and especially in large forest enterprises, than in most activities owing to the long life span of trees, the geographical extent of forest estates and the uncertainty of nature and markets. The conventional instrument of planning in forestry is the traditional working plan.The working plan was originally divided into two parts:
1.	Part one consisting of a description of the forest
2.	Part two of prescriptions for a fixed period of years ahead.
· The flexibility of plans
The traditional form of working plan has three shortcomings: 
* There is no clear statement of the criteria by which to judge the relative success of   different courses of actions
*  There is no provision for planning at levels other than that of the forest or for assessing the complex interaction that occur with higher–level planning,  and
*  The traditional plan has little flexibility 
Definition of planning
The word 'planning' is used to describe any thing from a series of arbitrary or dogmatic decisions to a critical and sophisticated investigation into the whole range of possible choices open to an enterprise. It is convenient to regard planning, in general sense, as embracing three closely related activities.  These are:
·    The collection and assembly of data, and
· The examination and testing against the correct criteria of the various possible courses of action and
· The formulation of plans.
The traditional form of working plan presented the data and the decision but generally included little or no critical analysis of the possible courses of actions.
· Criteria of success
The only valid basis for adopting a particular plan is that it will achieve the policy objectives more effectively than any other course of action. It follows, therefore, that the policy objectives themselves are fundamentally, the criteria by which the effectiveness of the prescription should be yielded.
Forests, however, are unusually subject to changesboth in their natural and man-made environments on account of wind, weather, disease or fire, and economic or political influences. These changes may affect the productive potential, the operational techniques, the profitability or even the long-term objectives of the enterprises. Therefore, it is necessary to strike a balance between flexibility and continuity.
· The control of plans	
Having made a plan it is necessary to ensure that it is implemented unless changing circumstances require it to be amended. There are two types of control: 
a)  The first is a retrospective comparison of the results achieved at the end of the budgeting period with the budget prepared at the beginning of the period.  The objective of the retrospectives comparison are three fold:
· In the first place each level of management has to exercise a degree of discipline over subordinate level to ensure that approved budgets are followed as closely as possible;
· Secondly, a comparison of achievement with intention provides a basis for preparing budgets for succeeding years;
· Finally a comparison of achievement with intention over a period of several years provides a basis for adjusting the long–term plans in the light of changing circumstances.  
b)  The second type of control is that which is exercised continually throughout the budget period.  The retrospective type of control discussed above does not help the manager to achieve his budget during the year. This needs to know how the various operations are progressing from week to week and how the unit costs are comparing with his estimates in the budget. The year’s budget has to be subdivided into short–term targets and it may have to be amended if the weekly or monthly targets are not reached. 
Methods of planning
· The classification of problems
Broadly, planning methods may be divided into two classes depending on the nature of the problem; on the one hand are those developed deal with recurrent situations, and on the other hand are those designed to deal with special situations which cannot be solved by the application of routine processes. The recurrent situations represent courses of actions and happenings, which take place in every year. Hence, it is a matter of using this experience to prepare plans. 
· Planning techniques for recurrent situations
The traditional methods of dealing with recurring situations are habit, experience and simplified guides of a drill–book or ready reconer kind. Modern techniques deal in more detail with variables in a given situation. Operational research using various mathematical models, inducing simulation of a complex situation through time, treats interactions among all the activities under review much more comprehensively than either rules of thumb or solutions based largely on experience.








· None–recurrent situations
The non-recurrent type of problem usually involves questions of a policy nature, and here traditional management relies on the exercise of judgment and intuition (insight).
A broad classification of planning techniques showing their use in forestry is shown below:	

3.6. Planning tools
Experience
Recurrent situations can often be solved as already noted by a combination of experience and judgment.
Tabular aids
Tabular aids are one of the mainstays of planning at lower levels. Examples of drill book tables include those for assessing individual tree volume and yield tables for production forecasting, thinning control, felling age determination and discounting are some of the tables to mention among many others.
Drill book solutions
It is probably true to say that most planning in forestry today depends on the use of various tabular and graphical aids, reference charts and standard drills.
Operational research
Using the tools of programming and simulation, operational research may be used to investigate a wide range of problems arising in the course of management. The term operational research is usually applied to studies covering a large number of variables and a range of possible actions at all levels of management. The aim is to optimize the working of the systems as a whole rather than to sub-optimize by solving for the individual parts of the system separately.
 In contrast to traditional working plan, a forest management plan is a written statement of how the landowner hopes to manipulate the forest to achieve objectives and is made at different levels. 
These are:
a)  General plan: Plans for the overall management of a forest.  These are necessarily long-term plans extending one or more rotations into the future.  They are least detailed plans.
b)  Intermediate plans: Plans made to cover the next 3 to 5 years. They are keyed to the continuous forestry inventory cycle and are written after completing the inventory based on the new data. They are more detailed and specific. They may, for example, include lists of stands to be harvested, in order of priority during the planning period.
c)  The long-term plans: Simply contain a statement of allowable cut and estimate of total growing stock existing at the end of the period.
Forest management plan must contain the following components in general:
· Forest description
· Forest organization and subdivision
· Forest inventory data
· Growth and yield functions
· Maps - subdivisions and compartments, roads
· Narrative description:  physiography, soils
· Economic expectation in harvesting and demand for forest product recreation, hunting and fishing, water, etc.
· Supply labor, capital, materials
· Other external factors:  legal restrictions, public policy 
· Analysis and synthesis
· Silvicultural analysis
· Reputation analysis
· Cutting budget
· Multiple use analysis and plans
· Protection:  Fire, insect, disease
The first major component is a statement of management objectives and policies. The objectives define the endpoint that is desired and the policies state at least some of the constraints within which the objectives must be attained. The forest description presents the physical context within which the management plan is written and includes forest inventory data, which describe the species involved and timber volume present and projected. As means of projecting growth and yield of the timber species, formulas and tables can also be developed.  Maps of the area, which show clearly the compartment number, boundary, and area and firebreaks and roads are also included. The management social-economic concepts are also presented which details the economic expectations and external factors.
The analysis and synthesis section is where all the planning components are brought together in thorough and complete description of the forest management plan. The silvicultural analysis is essential because the forest cover must be manipulated to obtain management objectives.  The protection aspects of the forest and some limitations to the management must also be addressed.
3. Basic elements and methods of forest management
3.1.  Developing, Evaluating, and Applying Prescriptions
Developing, evaluating, and implementing prescriptions- a schedule of activities for some stand, landscape or watershed- is the central activity of professional forestry and is the instrumental act whereby theory and principles are translated into reality. The specified prescription for a given type or parcel of land, along with the quantitative estimate of timber yields and the results expected when this prescription is implemented is the building block of virtually all modern forest planning and harvest scheduling models.  
Prescription formulationnecessarily integrates:-  	
· The strategies of land classification;
· The basic and applied biological knowledge of silviculture; 
· The growth predication techniques of mensuration;
· Economic values, and
· The decision analysis techniques of the management economist.	
We see prescription formulation giving new identity and substance to professional forestry by forging stronger and much more explicit technical bonds b/n the often compartmentalized subjects of 
· 
69

141

· Ecology 
· Silviculture 
· Mensuration 
· Wildlife biology
· Geomorphology 
· Hydrology
· Economics 
· Forestmanagement 
This terse (concise) statement reflects the three essential elements of a prescription for a land type or forest.
1. A land-type classification
-Which describes parcels or types of land by location, timber size, stocking, species, and soils, slope and other land attributes.
2. A management “activity schedule” describing the timing, methods and conditions by which the vegetation and other resources will be manipulated to achieve desired outcomes, including:
· Logging rules;
· A timber thinning and harvest schedule and
· Regeneration techniques for the next tree crop
3. A quantitative growth and yield projection, which numerically describes how much timber, is expected for commercial harvest.
Such prescriptions statements can be made with greater or lesser detail than our example, but all three elements are required to manage and plan a forest in a coherent, quantitative way.
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- forestry included mensuration, finance, and administration under forest management; today these g

are special courses. The immediate bases of forest management are a number of technical fields of
forestry, such as surveying, mensuration, slvicultrue, and protection.

Logical relation or dependence of forest management upon other basic and technical branches of
forestry is schematically scheduled as follows

Geography, Topography Surveying Economics
Climatology Engineering
Biology, Soil, Botany Forest economics
Ecology, Pathology, Zoology Forest policy
Entomology Forest Administration

RS T —
Protection  Grazing, erosion Mensuration

Control
1 o

Utilization
Sllvml.\l\lrr\-

Forest management
On the basis of these brief general considerations it may be stated that forest management as 2

technical subject of instruction deals with the organized application of silsiculture protection,
engineering, logging, and other technical fields of forestry to a particular tract or tracts of
forest land.

The German forester Wagner simply defines forest management as the organization of the
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