CHAPTER 5

INTERACTIONS: ENVIRONMENTS AND ORGANISMS

· This chapter introduces basic ecological principles and terminology describing the interactions between organisms and their environment.

CLO 4.  The student will be able to explain basic principles of ecology by describing the levels of biological and ecological organization within the biosphere.

The student will be able to…

· SLO 4.1 …to identify and list abiotic and biotic factors in an ecosystem; describe a limiting factor and the related range of tolerance; and differentiate habitat and niche.
· SLO 4.2 … to define species, to describe the process of natural selection and cite evidence for this process; and to enumerate ways in which evolution results in biodiversity.

· SLO 4.3 … to compare and contrast the major types of species interactions, namely, predator-prey, parasite-host, competitive, mutualistic, and commensalism relationships.
· SLO 4.4 … to list and recognize the levels of ecological organization in terms of population, community, and ecosystems
· SLO 4.5 … to classify organisms according to their feeding relationships (producers, consumers, decomposers), energy flow; and to construct trophic levels and food webs.
· SLO 4.6 … to describe and evaluate how living and nonliving entities interact in and ecosystem through the biogeochemical cycles; list the major nutrients that are cycled through this process; and give examples of human impact on these cycles.

1.
ECOLOGICAL CONCEPTS

· Ecology – A branch of science that deals with the interrelationship between organisms (interactions of organisms with one another) and their environment. (Study of the ways organisms interact with each other and with their nonliving surroundings.) (Fig. 5.1, p.80)
1.1 Environment
· Everything that affects an organism during its lifetime is collectively known as its environment.

· Successful interaction with the environment depends on biotic (living) and abiotic (non-living) limiting factors specific to an organism’s needs.

· Abiotic (nonliving) factors – Nonliving factors that influence the life and activities of an organism. Ex.: temperature & rain or humidity (climate), wind, light, nutrients (in soil or water), transparency of water, salinity of water, wave action, tides, currents, oxygen content….

· Biotic (living) factor – linked to the living organisms; Ex.: competition (compete for space, for food…), predation (organisms eat each other), symbiosis (living together --- mutualism; commensalism; parasitism)…

1.2 Limiting factors
· Certain abiotic and biotic factors may be critical to a particular species success (survival, growth, reproduction)

· Limiting factor – The one primary condition of the environment that determines population size of an organism.

· May be either abiotic or biotic
· Examples: scarcity of water, light, specific soil nutrients limits plant growth and/or survival; the availability of milkweed plants is necessary for monarch butterfly caterpillars (Fig. 5.2, p.81); many species such as corals can only survive in tropical waters;  while other species, such as polar bears can only survive in polar regions

· Examples: Changes of the number of species (lizards and snakes) with latitude (cold weather is a limiting factor for many kinds of reptiles) – (See Fig. 5.3, p.83) 
· Range of tolerance  – The ability organisms have to succeed under a variety of environmental conditions. The breadth of this tolerance is an important ecological characteristic of a species.
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1.3
Habitat and Niche (Fig. 5.5, p.84)
· The environment influences the organism, and organisms affect the environment.
· Each species of organism is specifically adapted to a particular habitat in which it has a very specific role (niche) –
· Two species within a habitat cannot “occupy” the same niche

· Habitat (place) –The space that organisms inhabits ---  the specific kind of place where a particular kind of organism lives (we often relate it to his  “address”)

· Ex: cacti are found in deserts; palm trees are found in tropical regions…

· Niche (role)– The total role an organism plays in its ecosystem (we often relate it to what it does – “occupation/profession”)

· Ex: false sakau --- can eventually invade the area where real sakau grows – share the same niche (they compete for the same needs)
2.
THE ROLE OF NATURAL SELECTION AND EVOLUTION

· Over historical evolution of living forms, natural selection has permitted organisms to diversify in various forms, each being adapted to the specific environment in which it lives.

2.1
Genes, Species and Population
· Genes- A unit of heredity; coded units of information about specific traits that are passed from parents to offspring during reproduction. They consists of  segments of DNA molecules found in chromosomes.
· Species – A group of organisms that can interbreed and produce offspring capable of reproduction. (fertile offspring)

· Example: infertile offspring --- horses and donkeys – are two different species that can copulate; the offspring is a “mule” – which is  sterile 
· Population- A group of individuals of the same species occupying a given area.
2.2
Natural Selection
· How did we end up with such and amazing array of species? The scientific answer involves ‘biological evolution”. It is based on the theory of evolution by natural selection.
· Natural Selection – A process that determines which individuals within a species will reproduce more effectively and therefore results in changes in the characteristics within a species.

Several conditions and steps are involved in the process of natural selection: (Ref: Enger & Smith, 2013, p.86):
i) Individuals within a species show variation; some of the variations are useful and others are not

ii) Organisms within a species typically produce huge numbers of offspring. Most of them die.

iii) The excess number of individuals results in a shortage of specific resources.

iv) Because of variation among individuals, some have a greater chance of obtaining needed resources and, therefore, have a greater likelihood of surviving and reproducing than others.

v) As time passes and each generation is subjected to the same process of natural selection, the percentage of individuals showing favorable variations will increase and those having unfavorable variations will decrease.

· The best-adapted individual will be most successful at meeting the challenges of the environment. (Best-fit individuals survive to reproduce – transmit their “genetically based characteristic” to the next generation)

EXAMPLE OF NATURAL SELECTION

A good example of natural selection was discovered among "peppered" moths living near English industrial cities.  These insects have varieties that vary in wing and body coloration from light to dark.  During the 19th century, sooty smoke from coal burning furnaces killed the lichen on trees and darkened the bark.  When moths landed on these trees, the dark colored ones were harder to spot by birds who ate them and, subsequently, they more often lived long enough to reproduce.  Over generations, the environment continued to favor darker moths.  As a result, they progressively became more common.  By 1895, 98% of the moths in the vicinity of English cities like Manchester were mostly black.  Since the 1950's, air pollution controls have significantly reduced the amount of heavy particulate air pollutants reaching the trees.   As a result, lichen has grown back, making trees lighter in color.  Now, natural selection favors lighter moth varieties so they have become the most common.  This trend has been well documented by field studies undertaken between 1959 and 1995 by Sir Cyril Clarke from the University of Liverpool.  The same pattern of moth wing color evolutionary change in response to increased and later decreased air pollution has been carefully documented by other researchers for the countryside around Detroit, Michigan.
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Reference: http://anthro.palomar.edu/evolve/evolve_2.htm  (Date: October 5, 2005)

2.3
Evolutionary Patterns

· Evolution – A change in the genetic makeup (structure, behavior, or physiology) of a population of a species in successive generations, as a result of some organisms with favorable characteristics having greater reproductive success than those organisms with less favorable characteristics (i.e. as a result of “natural selection” favoring some individual characteristics over others). [This is linked to a response to changes to the environment.] If continued long enough, it can lead to the formation of a new species.
· There are a number of “evolutionary patterns:  speciation; coevolution; extinction…
· Speciation – is the production of new species from previously existing species. It is thought to occur as a result of a species dividing into two isolated subpopulation that eventually evolve to the point of becoming two distinct species.

· (Example: through geographic isolation; through reproductive isolation…)

· Coevolution – the concept that two or more species of organisms can reciprocally influence the evolutionary direction of the other.  (Fig. 5.15, p.89)
· Extinction – The death of a species; the elimination of all the individuals of a particular kind.
· Diversity – The total number of species inhabiting a particular environment --- all the diversity in the world is known as the biological diversity (biodiversity) [refer to Chap. 11, p.232]
· Biological diversity (biodiversity) --- A measure of the variety of kinds of organisms (species) present in an ecosystem.

· Example: Marine organisms come in all shapes, sizes, and colors (from bacteria to whales…) – this is “diversity”

· The concept or theory of “Evolution” would explain such high diversity. (Presented by Charles Darwin in 1859) (Fig. 5.9, p.86)
In summary:
· Populations evolve when genes mutate and give some individuals genetic traits that enhance their abilities to survive and to produce offspring with these traits (natural selection).

· Human activities are degrading the earth’s vital biodiversity by causing the extinction of species and by disrupting habitats needed for the development of new species.

· Each species plays a specific ecological role (ecological niche) in the ecosystem where it is found.

3.
KINDS OF ORGANISM INTERACTIONS

· Organisms interact (organism-to-organism) in a variety of ways as a result of long coevolution.

· Five types of interactions among species:  predation , competition, and symbiosis (parasitism, commensalism and mutualism) – affect the resource use and population size of the species in an ecosystem.
3.1
Predation

· Predation – A relationship between two organisms that involves the capturing, killing, and eating of one known as the prey by the other know as the predator
· Examples: lion eating zebras; Cats, hawks, snakes eat mice; tuna eat mackerel or other smaller fish….  (Fig. 5.16, p.89)
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3.2
Competition

· Competition – Direct or indirect interaction between organisms over limited resources (food, space, shelter, reproductive mate…) --- both organisms are harmed

· Examples: palm trees that grow one next to another: the taller trees will get more sunlight and will have better chance to survive…

Intraspecific competition -- competition within (inside) the same species (Fig. 5.17, p.90)
Interspecific competition – competition between (amongst) species (Fig. 5.18, p.91)
· Competitive exclusive principle – is the concept that two species cannot occupy the same ecological niche in the same place at the same time.

· Example: Fig. 5.19, p.91 --- “Niche specialization” In the figure – you can observe various species of warblers (bird); they all have similar feeding habits (feed on insects), the intensity of competition is reduced because they search for insects on different parts of the tree.
· Example: On coral reefs there are reef fish that are active during the day (“diurnal”) while others are active at night (“nocturnal”); they can share the same niche but at different moments of the day.
3.3 Symbiotic Relationship

· Symbiosis – means living together (of two different species) and the partners are called symbionts
· Parasitism – one partner (parasite) benefits (obtains nourishment) at the expense of the other (host). Usually implies that the parasite live in (endoparasite) or on (ectoparasite) the host.
Example:  (fleas on cats and dogs are ectoparasites; intestinal worms are endoparasites (Fig. 5.20, p.92)
· Commensalism – one partner benefits without affecting the other (does not harm the other).
Example: Clown fish and sea anemones; remoras hitchhike a ride on sharks and feed on the scraps of food lost by the sharks  (Fig. 5.21, p.93)
· Epiphytes – Plants that attach to the surfaces of other plants. They obtain physical support but not nutritional support.
· Example: most orchids; birds’s nest fern and many other ferns and mosses; the vines or “lianas” that hang from tropical forest trees
· Mutualism – both partners benefit; often one provides primarily food or nutrients, the other shelter (E.g. coral polyps + zooxanthellae; trees + mycorrhizae)
Example: (coral polyps and zooxanthellae) --- Corals are constituted of “polyps”, consisting of an upright cylinder of tissue with a ring of tentacles on top (like a miniature anemone) that lie in a cup-like skeleton of calcium carbonate that they secrete themselves. Within the polyp tissue are zooxanthellae (a single-celled photosynthetic organisms -- autotroph). Zooxanthellae provide vital nourishment to the coral by performing photosynthesis and passing on some of the organic matter to the coral. (They feed the coral from the inside a bit like having a garden.)  In turn, the coral polyps furnish essential nutrients—nitrogen and phosphate – to the zooxanthellae and protects it within its tissue.
Example: (Case of mycorrhizae) – Mycorrhizae are root-fungus associations. The fungus obtains organic molecules from the roots of the plant, and the branched nature of the fungus (delicate filaments – much smaller than the roots) assists the plant in obtaining nutrients from the soil such as phosphates and nitrates. In turn, the fungus finds a habitat free of competition and obtains a steady supply of photosynthetic carbon. (Fig. 5.22, p.94) 
4.
COMMUNITY AND ECOSYSTEM INTERACTIONS

· We have discussed specific ways in which individual organisms interact with one another (biotic factors) and with their physical surroundings (abiotic factors).
· It is useful to look at “ecological relationships” from a broader perspective.

· Population – A group of individuals of the same species occupying a given area.

· Community – All the different populations of organisms that live in the same place (share the same habitat).

· Habitat – The specific kind of place where a particular kind of organism lives.

· Ecosystem – A community, or interacting communities, plus the physical environment in a large, more or less self-contained area.

4.1
Major Roles of Organisms in Ecosystems (Table 5.1, p.95)
· Each group of organisms has a specific role in an ecosystem which is related to the way they produce or consume energy. The three broad categories are producers, consumers and decomposers (decomposers are sometimes considered as consumers). 

· Producers (primary producers) – are photosynthetic organisms (plants, unicellular algae, seaweeds,  bacteria…) that make their own food from simple molecules (inorganic matter) in the environment. Also named autotroph.

· Terrestrial plants, seaweeds and phytoplankton (drifting microscopic unicellular algae) convert light energy into chemical energy and store it in the form of energy-rich molecules that can be used as fuel for consumers (heterotrophs -- Animals). This is called photosynthesis. Photosynthesis occurs only in cells that have chlorophyll and associated pigments. 
· The general formula for photosynthesis is as follow
6CO2   +   6H2O   +   light  energy   (   C6H12O6 (sugar)  +  6O2 
· Consumers –An organism that cannot synthesize its own food but obtains food (energy) from organic matter (uses the energy from the chemical bonds in the plants or animal cells). Also named heterotroph.

· The chemical process involved in the release of energy from organic matter is called cellular respiration. (The reverse of photosynthesis.)  
· The general formula for respiration is as follow
C6H12O6 (sugar) [organic matter] +   6O2   (   6CO2   +   6H2O   + energy

Consumers are classified as follows: (Table 5.1, p.95; Fig. 5.25, p.97)
· Herbivores – Feed directly on the producers (plants, algae…)
· Carnivores – Kills and eats animals

· Omnivores – Eats both plants and animals

· Scavengers -  Eats meat but often gets if from animals that are dead

· Parasites – Lives in or on another living organism and gets food from it

· Decomposers – Organisms that use dead organic matters as a source of energy and returns it to inorganic material  that can be reused by producers (completes cycling of atoms); Also named detritivorous. 
Example: bacteria; fungi, some insects and worms, mushrooms
· Decomposers are an indispensable trophic link in the food web, since it permits the recycling of organic matter into its respective constituents (inorganic form) that will serve as nutrients for the producers.  This process is known as nutrient regeneration.

· Without it, nutrients would not be recycled and made available to autotrophs, and primary production would be greatly limited.

4.2
Energy Flow through Ecosystems 
· All living things use energy (defined as the capacity to do work) to make and maintain the complex chemicals necessary for life.

· Main source of energy for living things on Earth --- sun. 

· The producers are the only organisms that are capable of trapping solar energy through the process of photosynthesis and making it available to the ecosystem. The energy is stored in the form of chemical bonds in large organic molecules (carbohydrates, fats, proteins, amino acids). In turn, this energy is transferred to other organisms when the producers are eaten. Each step in the flow of energy through an ecosystem is known as a trophic level.
· Trophic levels – A classification of organisms based on what they are eating or using as sources of energy and material.  It is a  step in the flow of energy through an ecosystem.  (Fig. 5.26, p.97)
· Trophic level I – primary producers (autotrophs) 

Heterotrophs:

· Trophic level II – herbivores (grazers) – Consumer I

· Trophic level III – Carnivore I (or consumer II)

· Trophic level IV – Carnivore II (or consumer III)

· Etc..

· Last Trophic level … -- Top carnivore

4.3
Food Chain and Food Webs

· Energy passes from one trophic level to the next by way of a food chain.

· Food chain – A sequence of organisms that feed on one another, resulting in a flow of energy from a producer through a series of consumers. 
· Each of the steps of the food chain is called a “trophic level”. (Fig. 5.27, p.98)
· Example: Diatoms (producers) --- copepods (consumers I or herbivores/grazers) --- mackerel (consumers II or carnivore I) – tuna (consumer III or carnivore II) – and so on until the “top carnivore. 
· Most ecosystems have a number of different primary producers. Furthermore, many animals eat more than just one kind of food and many change their diet as they get older and larger. In other words, when several food chains overlap, they form a complex, interwoven food web.

· Food web –A system of interlocking food chain. (Fig. 5.28, p. 99)

4.4 Pyramid of energy (Trophic pyramid)
· Energy cannot be recycled. --  Living things cannot create new energy; they can only transform one king of energy to a different kind.
· A plant can transform light energy into chemical energy; an animal can transform chemical energy into energy of movement (by the muscles), heat energy and so on. 

· Instead of being passed on to the next higher level, much of the energy contained in a particular trophic level is used up by the activities of the organisms (metabolism). Energy and organic matter are also lost as waste and transformed into heat. (2nd Law of thermodynamics)

· This energy flow is usually measured under the form of “biomass” – the dry weight of all organic matter contained in its organisms.

· Depending on the ecosystem, between about 5% and 20% of the energy (or biomass) is passed from one level to the next; an average is about 10%.  

· That means that 10,000kg of phytoplankton (primary producers) will support 1000kg of zooplankton (primary consumers – small herbivores), and 100 kg of small fish (secondary consumers), and 10 kg of mid-size fish (tertiary consumers) and finally 1 kg of tuna (top consumer). [ 5 different trophic levels]

· Applied to human feeding habits --- Since there is a large amount of energy being used or lost (dissipated) at each trophic level, this suggests that a much larger number of people could be supported (fed) if they ate  organisms that are found in the “lower trophic levels” such as feeding directly on producers (plant matter) or feeding on herbivores. 
· The trophic structure of ecosystems can be represented by a trophic pyramid (pyramid of energy), with less energy contained in each succeeding level.

(Ref.  Fig. 5.25, p.97)
· Because there is less energy available at each level, there are also fewer individual organisms. Thus, there are fewer primary consumers (herbivores) than producers, and fewer secondary (carnivores) than primary consumers etc.

4.5
Nutrient Cycles in Ecosystems--Biogeochemical Cycles (recycling matter)
· Biogeochemical Cycles – Movement of matter within or between ecosystems; caused by living organisms, geological forces, or chemical reactions – The cycling of nitrogen, carbon, sulfur, oxygen, phosphorous, and water are examples.

· All matter is made up of atoms. These atoms are “cycled” between the living and nonliving portions of an ecosystem.
· Carbon, nitrogen and phosphorous (plus oxygen, hydrogen) are important atoms found in organic molecules which are found in all kinds of living things. As energy is transferred from one trophic level to another, so are nutrients. Carbon, nitrogen, and phosphorus are discussed as examples of cycled nutrients.
· The flow of these atoms between the abiotic and biotic portions of an ecosystem is important.

(Ref  -- Carbon, Nitrogen, and Phosphorus cycle, p.99-107 – Read only)

[FOR YOUR INFORMATION]

The Carbon Cycle: (Fig. 5.29,p100)
Carbon cycle – The cyclic flow of carbon from the atmosphere to living organisms and back to the atmospheric reservoirs.
· Carbon serves two purposes for organisms: (1) It is a structural component of organic molecules, and (2) The energy-holding chemical bonds it forms represent energy “storage”

· The carbon cycle begins with the intake of carbon dioxide by photosynthetic organisms (producers). Carbon and oxygen are incorporated into sugar molecules. These molecules are taken up by other organisms, and carbon dioxide is released following respiration, closing the cycle.
· Not all carbon is cycled. Some forms (coal and oil) may be sequestered for millions of years without being released.
· Tying up carbon in the bodies and byproducts of organisms favorably affects the biosphere. It helps balance carbon dioxide generation and utilization and so regulates the greenhouse effect. 
· Oceans and heavily vegetated areas are important carbon sinks (high primary productivity)

The Nitrogen Cycle: (Fig. 5.31, p.105)
Nitrogen cycle – The series of stages in the flow of nitrogen in ecosystems.
· Organisms cannot exist without amino acids, peptides, and proteins which are all molecules containing nitrogen.
· Although nitrogen is the most abundant gas in the atmosphere (78% of the air), plants cannot use N2 gas.
· Nitrogen-fixing bacteria convert nitrogen gas (N2) to nitrites (NO2-). Another group converts nitrites to nitrates (NO3-) which can be absorbed and used by plants (as nutrients). Plants convert nitrates into ammonium (NH4+) which is used to build amino acids.
· Some plants (legumes) have nitrogen-fixing bacteria living in their roots (symbiosis --commensalisms) and so are especially useful to agriculture.
· Nitrogen reenters the environment in several ways including the death of organisms and animal wastes (urea, uric acid…). Denitrifying bacteria break these down back into nitrogen gas, which reenters the atmosphere.
· In naturally occurring soil, nitrogen is often a limiting factor of plant growth. To increase yields farmers provide extra sources of nitrogen in several ways (Inorganic or synthetic fertilizers). Synthetic fertilizers may cause an excess of nitrogen in the environment leading to acidification of lakes and rivers, blooms of toxic algae, loss of soil nutrients, and rising atmospheric concentrations of the greenhouse gas nitrous oxide.

The Phosphorous Cycle: (Fig. 5.32, p.107)
· Minerals are available to organisms after they have been released from rocks. Phosphorus and sulfur are two examples of this.
· Phosphorus is important because it is an essential component of many high energy compounds such as ATP and DNA and in the membrane structure of the cells.
· The phosphorus cycle begins when phosphorus compounds are leached from rocks and minerals.
· Inorganic phosphorus is taken in by producer organisms, incorporated into organic molecules, and passed on to consumer organisms.
· High concentrations of phosphorus in aquatic systems may lead to algal bloom, suffocating other life in lakes and streams.

4.5.1 Human Impact on Nutrient Cycles

· Humans have significantly altered these nutrient cycles in many ways.
· Example:

· Carbon Cycle --- burning fossil fuels (releases large amounts of carbon dioxide into the atmosphere) and converting forests (or other Natural Ecosystems) to agricultural land (creates great loss in the capacity of storing carbon dioxide within the producers) – Consequently, the carbon dioxide in the atmosphere is increasing – creating the greenhouse effect and climate warming …

· Nitrogen and Phosphorus Cycles --- large amount of nitrogen and phosphorus are used as “fertilizers” in agriculture --- much excess is eroded and ends up in the aquatic systems (streams, rivers, bays, estuaries and marine environment) – in turn, these compounds furnishes excess nutrients in the water --- creating algae blooms – once these algae die, their dead organic matter will decay via bacterial activity – the bacteria through their decomposing activities use up the oxygen content of the water; consequently the surrounding water becomes “anoxic” (i.e. without oxygen) and this creates massive die offs of  many organisms due to the lack of oxygen  
IMPORTANT

READ:    Issues & Analysis --- “Phosphate Mining in Nauru” (p.108)

4.6
Some Ecosystems Produce Plant Matter faster than others do
· The amount of biomass (mass of living organic material) that a particular ecosystem can support is determined by how much solar energy its producers can capture and store as chemical energy and by how rapidly they can do so (i.e. regenerate its nutrients).
· The primary productivity of a given environment will ultimately limit the number of consumers (including humans) that can survive in such given area.
· The estimated annual average “net primary productivity” in major life zones and ecosystems is often expressed in kilocalories of energy produced per square meter per year (kcal/m2/yr).
· The following figure reflects the net primary productivity of the major terrestrial and aquatic ecosystems of this planet. 
Question: What are the three most productive and three least productive systems?
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Figure xxx: The estimated annual average net primary productivity in major life zones and ecosystems is expressed in this graph as kilocalories of energy produced per square meter per year (kcal/m2/yr). (Data from Tyler Miller G.  & S.E. Spoolman 2013. Environmental Science, 14th ed. Cengage/Brooks-Cole. Belmont, CA. p.49)
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