Environmental Science and a Sustainable World
Ecology - the scientific study of the interactions between organisms and their environment. 

Environment includes: 

abiotic factors- temperature, light, water, and nutrients 
biotic factors - all the other organisms that are part of any individual's environment 
Other organisms may compete with an individual for food, water, and other resources; prey upon it, or change its physical and chemical environment.

Interaction- between organisms and their environment:  Organisms are affected by their environment but, by their very presence and activities, they also change it - often dramatically.


Four levels of study of ecology: 
1.    organismal ecology - behavioral, physiological, and morphological ways in which individual organisms meet the challenges posed by their abiotic environment 
2.    population ecology - concentrates mainly on factors that affect population size and composition 
3.    community - ways in which predation, competition, and other interactions among organisms affect community structure and organization 
4.    ecosystem - includes all abiotic factors in addition to the community of species that exists in a certain area; study of energy flow, cycling of nutrients 

I.    Organization of Life on the Planet 
  

biosphere - entire portion of Earth that is inhabited by life.  The biosphere is about 14 miles wide and includes fresh and marine waters, soil, and the atmosphere. 

biomes - major types of communities and ecosystems (particular array of plants and animals) that are typical of broad geographic regions.  These biome regional differences are due to climate and other abiotic factors. 

climate - prevailing weather conditions at a locality.  Cyclic seasonal changes are due to effects of solar energy reaching the Earth. 

Almost all organisms ultimately derive their energy from sunlight and they must tolerate the ranges of temperature, salinity, humidity, and light in their environment.

A.    Terrestrial Biomes 

Note:    Biomes are usually identified by plant associations because plants are more obvious and plants determine what animals will be there.  The particular plants found in a biome depend on the climate, particularly the precipitation, temperature, and availability of light. 

The distribution of biomes generally follows latitude.  The pattern is more obvious in the Northern than Southern hemisphere.  Biome distribution can be a product of altitude as well as latitude. 

For the following biomes, give a general description including location, precipitation, plant associations, and types of animals found there. 

1.    tundra 
  
  
  

2.    taiga 
  
  
  
  

3.    temperate coniferous forests 
  
  
  
  

4.    temperate deciduous forests 
  
  
  
  
  

5.    grasslands 
  
  
  
  

6.    deserts 
  
  
  
  

7.    tropical rain forests 
  
  
  
  
  

B.    Aquatic Biomes 
Aquatic life zones are divided into distinct zones:  coral reefs, estuaries, deep ocean, continental shelves.  The differences in plant and animal life are due to 1) level of dissolved nutrients, 2) water temperature, and 3) depth of sunlight penetration. 
The richest areas are the estuarine zones: 
    estuaries - mouths of rivers where fresh and salt water mix 
    coastal wetlands - perpetually or periodically flooded lands that support aquatic 
    plants.  Examples:  mangrove swamps, salt marshes, lagoons. 
The open ocean is relatively barren. 

· Describe the ecological importance of estuaries and wetlands. 


  
  
 




II.    Ecosystems 
Ecosystems are a network consisting of organisms, their environment, and all interactions that exist in a particular place. 

Examples:  cornfield, river, terrarium, pond

A.    General Characteristics 
There are two major components of ecosystems: 

1.    abiotic factors - non living, i.e. temperature, rainfall, sunlight, nutrient supplies 
Usually one factor outweighs others in determining growth in an ecosystem.  This factor is called a limiting factor. 
Example:  In certain aquatic ecosystems, phosphorous is a limiting factor because it is the first nutrient to be used up.  For most terrestrial ecosystems, rainfall if the limiting factor. 

2.    biotic factors -  living things 
population - group of the same species occupying a given location 
community - all populations within a given area 

Habitat and niche 
habitat - where an organism lives 
niche - where an organisms lives and how it fits in with its ecosystem 
    *No two species can occupy the same niche. 

Example:  The red-tailed hawk and the great horned owl live in the same area and both prey on mice and other rodents.  So they occupy the same habitat. However, the hawks are active in the daytime and the owl is active at night - so they occupy different niches. 

Humans cause problems by introducing species (usually to increase hunting) that are ecological equivalents (species with identical or overlapping niches).

B.    The Function of Ecosystems (How do they work?) 
  

1.    Food chains/webs 
Each ecosystem has a trophic structure of feeding relationships.  Ecologists divide the species in a community into trophic levels on the basis of their main nutrition. 

An ecosystems trophic structure determines the routes of energy flow and chemical cycling. The pathway along which food is transferred from trophic level to trophic level, beginning with producers is known as a food chain.  Feeding relationships in an ecosystem are usually woven into an elaborate pattern called a food web. 
  

producers - photoautotrophs: plants, algae, cyanobacteria 
                     chemoautotrophs:  some bacteria 

consumers - heterotrophs 
    herbivores - such as cattle, deer, elk 
    carnivores - such as a mountain lion 
    omnivores - such as humans, bears, raccoons 
        Types of consumers include: 
            primary consumers -herbivores,  feed on producers 
            secondary consumers - carnivores, feed on herbivores 
            tertiary consumers - carnivores that feed on carnivore 
            quaternary consumers 
            detritivores - derive their energy from detritus, the non living organic 
                                    matter (dead organisms) 

The trophic level is the feeding level an organism occupies in a food chain. 
    1st trophic level - producers 
    2nd level - primary consumers 
    3rd level - secondary consumers 
    4th level - tertiary consumers 

In a food web many species occupy more than one trophic level.

2.    Flow of energy and matter through ecosystems 
The ultimate source of energy for ecosystems is the sun. 

a.  Biomass and ecological pyramids 
biomass - the dried weight of all organic matter in an ecosystem 
Biomass represents potential energy and tissue building materials for the next trophic level. 
The biomass of succeeding trophic levels is greatly reduced; the amount of biomass transferred from one trophic level to the next is approximately 5 to 20%. Energy transfer is only 10% efficient. 

Graphing this data gives a pyramid of biomass. 

Implications of ecological pyramids: 
-    Biomass decreases at higher trophic levels.  Thus fewer organisms can be supported at these higher levels.  Over twice as many herbivores (trophic level 2) can be supported in a grassland biome as carnivores (trophic level 3).  Carnivores have the smallest population in ecosystems.  (Thus carnivores are often the first that are endangered by human activities that disrupt the food chain.) 
-    More organisms can be supported in an ecosystem if they feed at lower trophic levels.  Example:  Humans consuming meat is more wasteful of solar energy than eating plants, calorie for calorie.  Encouraging people to eat lower on the food chain could also help increase available food supplies. 
- Loss of biomass from one trophic level to the next sets limits on the length of the food chain.  Food chains have usually no more than four trophic levels, because the  amount of biomass at the top is not sufficient to support another level. 

productivity - the rate at which sunlight energy is converted into potential energy of biomass.  Productivity is measured in kilocalories of biomass/m2/year. 

gross primary production (GPP) - overall rate of biomass production (producers) 

net primary production (NPP) - GPP minus biomass broken down to release energy (cellular respiration - R) 

Importance:  Studies of biomass production help us understand the importance of various regions to the Earth's carbon and oxygen cycles. 
Productivity (photosynthetic output) is directly related to O2 consumption and carbon production by plants.  Estuaries and coral reefs are the richest areas of the aquatic zones, moist temperate forests, agricultural land, and tropical forests are the richest of the terrestrial biomes. 

3.    Nutrient Cycles 
Energy cannot be recycled; it comes in as sunlight and goes out as heat.  Nutrients, however, do cycle in ecosystems.  These nutrient cycles are called biogeochemical cycles. 

Cycles have two phases: 
1)  environmental phase 
2)  organismic phase 

Elements accumulate in three major places: 
    bodies of living organisms 
    exchange pools - readily available, water soluble reserves 
    reservoirs - less available reserves, i.e. elements in animal bones, 
                                                            atmospheric nitrogen

a.    Carbon cycle 
Carbon enters the biological world as CO2 (source of all organic carbon). 
The first half of the cycle is photosynthesis. 
The second half of the cycle is respiration. 

· Write the overall equations for the above two processes. 


  
  
  

Carbon is also returned when plant material is burned. 

Exchange pools - in the air as carbon dioxide gas and in the water as bicarbonate ions 
Reservoir - in carbonate rock and fossil fuels (natural gas, coal, oil, peat) 

Humans intervene in the carbon cycle in two ways: 
1)    by removing forests and vegetation that use atmospheric CO2 
2)    by liberating CO2 through combustion of coal, oil and natural gas. 
Thus, global carbon has increased >19% since 1870. 

b.    Nitrogen cycle 
Nitrogen is needed for amino acids and nucleic acids.  N2 composes 79% of the air.  It is unusable to plants. 
    Exchange pools - in the soil in the form of nitrates. 
    Reservoir - in the atmosphere in the form of nitrogen gas 

For plant use, nitrogen must be in the form of ammonia (NH4) or nitrate (NO-3).  Nitrogen fixing bacteria convert N2 to NH4 or NO-3 , example:  Rhizobium.  These bacteria live in the roots of legumes. The process is called nitrogen fixation. 

Nitrogen is returned to the soil by decay of detritus; then bacteria release nitrogen in the form of NH4 ---------->  NO-3 -----------------> NO-2 ------------------->N2O ---------> N2 
        Nitrobacteria                                                denitryfying bacteria

                                                                                        (Pseudomonas) 
  

Human interference: 
1)    Farming practices affect the nitrogen cycle.  Example:  Corn uses a lot of nitrogen.  Nitrogen must be replaced alternate years or the soil becomes unproductive.  Farmers use fertilizers with nitrates. 
2)    Excess fertilizer (frequently the case) washes into streams causing serious water pollution. 

c.    Phosphorous cycle 
Phosphorous occurs in living systems as PO4 and is used in DNA, RNA, ATP, and phospholipids. 

Exchange pools - in soil water and aquatic systems 
Reservoirs - skeletal, tooth, or shell material that is released very slowly by weathering. 

Phosphate is leached (slowly dissolved) from rocks by rain and melting snow.  Dissolved phosphates are taken in by plants --> animals.  Phosphorous reenters the environment when excreted by animals and when detritus decays.  Phosphorous washes to the oceans, settles to the bottom. Some is incorporated into marine organisms, the rest becomes rock. 

Human intervention: 
Phosphorous is normally a limiting factor in aquatic systems. Applying excess fertilizer causes rapid growth of algae and aquatic plants. 
  

d.    Hydrological (water) cycle 

· Why do we need water? 

Water evaporates over the oceans and from plant transpiration.  Water vapor is carried by the wind to the land.  Precipitation over the land results in the formation of surface and groundwater systems that flow back to the sea. 

Human intervention: 
The world is not actually running out of water.  Two main problems cause water shortage: 
1)  Water is not evenly distributed across the face of the Earth. 
2)  Human civilization has pushed well beyond the Earth's carrying capacity, exceeding the readily available supply of water even in areas with abundant rainfall. 
 

C.    Ecosystem Balance and Imbalance 

1.    Stability in ecosystems 
Normally an ecosystem will stay in balance, a dynamic equilibrium. Things may vary from day to day, but on the whole they remain more or less the same. 
    Example:  In a stable forest ecosystem the total number of species is constant 
    from year to year, the same species are present each year, and the population 
    size remains the same each year. 

Stability does not mean perfect harmony; there is competition and conflict.  However, ecosystems are self-regulating.  A change in one variable results in a corresponding change in another variable bringing the system back.  Stability is a result of opposing factors that regulate the size of the population:  growth factors have a positive effect on population growth, and reduction factors that oppose a positive influence on growth. 

Growth factors                                            Reduction factors 
Biotic:                                                         Biotic: 
reproductive rate                                         predators 
ability to adapt to environmental change       disease 
ability to migrate to new habitats                  parasites 
ability to compete                                        competitors 
ability to hide                                               lack of food 
ability to defend                                           lack of suitable habitat 
ability to find food 
adequate food supply 

Abiotic:                                                       Abiotic: 
favorable light                                              unfavorable weather 
favorable temperature                                  lack of water 
favorable chemical environment                    alterations in chemical environment 
  
  

2.    Correcting Imbalance in Ecosystems:  Succession 
Drastic shifts in biotic or abiotic factors can seriously upset (sometimes irreversibly) ecosystems.  Healing is possible, unless the soil is washed away. 

succession - recovery of a destroyed biotic community in a series of changes in which one community is gradually replaced by another until the mature or climax community is reached. This is also called biotic development. 

a.    primary succession 
Primary succession is formation of a biotic community where none previously existed. 
    Examples:  -exposed rocks where glaciers retreated 
                     -volcanic islands such as Galapagos 
  
Process of primary succession: 
1)    Lichens secrete carbonic acid which dissolves rock thus liberating nutrients and helping to make soil. 
2)    Lichens and insects form the pioneer community, the first community to become established in a once barren environment. 
3)    Soil develops. 
4)    Mosses shade lichens and eventually kill them. 
5)    Mosses, fungi, bacteria, and insects make up the intermediate community. 
6)    The intermediate community becomes the climax community as grasses, shrubs, trees outgrow the mosses and become the prevalent vegetation. 

b.    Secondary succession 
Secondary succession is the sequential development of biotic communities after the complete or partial destruction of an existing community. 
Examples: 
    - Volcanic eruption at Mt. St. Helens - 1980. 
    - Fires in Yellowstone National Park in 1988. 
    -Destruction also occurs by human interference such as agriculture, intentional flooding, fires, 
      or mining. 

Process of  secondary succession: 
1)    Hardy species such as crabgrass, broom sedge (adapted to bare, sun-baked soil), insects, and mice form the pioneer community. 
2)    Tall grasses and other herbaceous plants eventually shade the crabgrass.  Other animals move in such as mice, wood chucks, rabbits, insects, and seed-eating birds. 
3)    Pine seeds settle and grow into pine trees which flourish in the sun.  Animals that feed on grasses leave the area (such as woodchucks). Squirrels and chipmunks who prefer wooded habitats come in. 
4)    Shade from the pine trees is inhospitable for pine seedlings but great for shade-tolerant hardwoods. Shade of the hardwoods eventually kills pines. 

All of this takes years. 
Note: Not all ecosystems recover naturally.  The region where North Carolina, Georgia, and Tennessee meet was polluted by a copper smelter.  Deforestation and erosion so badly damaged the area that plants couldn't root. This area is being replanted. 
 

D.    Human Impact on Ecosystems 

1.    Tampering with biotic factors 

a.    introducing competitors 
Example:  In Venezuela, the African honey bee was bred with docile European honeybees who couldn't take the heat.  That hybrid is the killer bee.  In 1957 a visitor allowed 26 queen bees to escape. These killer bees move 200-300 miles each year. They are interbreeding with domestic bees and kill livestock, horses, and people.  All the honeybees in the United States may have to be killed to control the killer bees.  The honey industry in the USA is a $140 million business.  In addition, honey bees pollinate 90 major crops worth $19 billion. 

b.    eliminating or introducing predators 
Humans have always hunted predators either for food or because of competition for prey (bears, eagles, hawks, wolves, coyotes, mountain lions). 

Example:  In the early 1900's there was a bounty on wolves, coyotes, and mountain lions in Arizona.  The deer population grew from 4,000 to 100,000 by 1924.  The vegetation has still not recovered. 
    Introducing competitors can be a problem also.  Mosquito fish were introduced in subtropical regions to eat the larvae of the Anopheles mosquito.  The fish also eat zooplankton.  This caused an agal bloom. 

c.    introducing disease organisms 
This is a problem if disease organisms are introduced into an environment with no natural controls. 
Example:  Chinese chestnuts infected with a fungus to which they are immune were brought to the New York Zoological Park.  The fungus wiped out the American chestnut within 30 years. 
 

2.    Tampering with abiotic factors 

a.    pollution 
Examples:  chlorinated compounds, oil spills, toxic pesticides, thermal pollution, global warming 

b.    resource depletion 
Examples:  diversion of mountain streams, housing developments along coastlines (filling in estuaries and marshes) 

The result of this tampering is ecosystem simplification.  The best example is that of natural ecosystems converted to farmland. 
Another problem is biomagnification- accumulation of certain substances in food chains, with the highest concentrations found at the highest trophic levels. 
 




III.    Population 

Population ecology concentrates mainly on factors that affect population size and composition. 

The human population explosion is at the root of virtually all environmental problems:  pollution, resource depletion, indirect social disruption (i.e. housing shortages, malnutrition, inadequate health care). 

population - individuals of a single species that simultaneously occupy the same general area; rely on the same resources, are influenced by similar environmental factors, and have a high likelihood of interacting with one another. 

No population can grow indefinitely.  Species other than humans sometimes exhibit population explosions, but their populations inevitably crash.  Many populations remain relatively stable over time, with only minor increases and decreases in population size. 
  

A.    Population growth 

The most important factors affecting population size are birth rates and death rates.  Demography is the study of the vital statistics that affect population size. 
  

Birthrates increased and death rates of the human population decreased when agricultural societies replaced hunting and gathering about 10,000 years ago.  Since the industrial revolution, exponential growth has resulted mainly from a drop in death rates, especially infant mortality.


1.    exponential growth model 
Human population has reached 6 billion and is expected to be at 8 billion by 2017. 
Exponential growth takes place when something increases by a fixed percentage every year.

Characteristic of exponential growth is that early growth is quite slow, but eventually it begins to increase more and more rapidly. 
  

Example:  a savings account 

The human population increased relatively slowly until about 1650, when there were approximately 500 million people on Earth.  The population doubled to 1 billion within the next two centuries, doubled again to 2 billion between 1850 and 1930, and doubled again by 1975 to more than 4 billion.


The worldwide population has been growing (recently) at a rate of about 1.8%/year.  That means the world's population doubles every 40 years.  Because there are so many people, doubling means an extraordinary increase. 
  

B.    Population growth -logistical model 
The exponential growth model assumes unlimited resources, which is never the case in the real world. 

Note:    As the population doubles, so do demands for resources, and pollution increases exponentially too. 
  

It stands to reason, then, that the human population cannot continue to grow.  What is really the factor here is the carrying capacity of the Earth.  Carrying capacity is the number of organisms the Earth can support.  More specifically it is the maximum population size that a particular environment can support with no net increase or decrease over a relatively long period of time.  Carrying capacity is a property of the environment, and it varies over space and time with the abundance of limiting resources (food and space).  Energy limitation is the most common determinant of carrying capacity. 

Human advances such as tools, agriculture, medicine, and technological developments allowed humans to extend the limits set by nature in terms of carrying capacity.  The problem is that humans have maximized certain variables such as agriculture or energy production, but this creates other problems that upset the balance of ecosystems. 

Example:  Modern agriculture and disease control increased the Earth's carrying capacity.  The result was an increase in the number of people.  This increase in number of people created the problems of more waste and pollution that the Earth cannot assimilate, depleted resources, and species extinction.

The logistic model of population growth incorporates the effect of population density. 
When the population density is below the carrying capacity, then population growth is rapid; but as population density approaches carrying capacity, population growth is slow.

Thus, as the population size increases, the population density increases, competition for limited resources becomes more intense, and the growth rate declines in proportion to the intensity of competition (growth rate is density-dependent). 
  

B.    What will happen? 
Most ecologists believe that the Earth's carrying capacity for the human population will eventually limit our growth. 

Food may be a main factor in limiting growth.  Malnutrition and famine are common in some countries.  Right now, that is due to an unequal distribution of food rather than to inadequate production. 
Space - as our population grows conflicts over how to utilize space will intensify. More and more agricultural land may be developed for housing. 
Resources - we could run out of non-renewable resources other than food such as some metals and fossil fuels. 
Wastes/pollution - our population may eventually be limited by the capacity of the environment to absorb the wastes. 

Example:  Heavy use of commercial fertilizers to produce large food crops is is affecting the quality of ground water in some agricultural areas.  In fact, much of the world's population does not have access to clean water. 
 

C.    Human Impact on Ecosystems 
As the human population has grown to an immense size, our activities and technological capabilities have intruded in one way or another into the dynamics of most ecosystems.  Either we have completely destroyed a natural system or our activities have disrupted the trophic structures, energy flow, and chemical cycling of ecosystems in most areas of the world. 

Evidence that the present human growth is not sustainable: 
-    The amount of human-altered land surface is ~50%. 
-    Many fish (ocean) are being depleted by overharvest. 
-    Coral reefs and estuaries (most productive and diverse areas) are being severely stressed. 
-    The rate of species loss is ~50% higher than at any other time in the past 100,000 years. 

The biggest threats to biodiversity include: 
1)    habitat destruction (the biggest threat) 
2)    over exploitation 
3)    competition by exotic species 

A "rule of thumb" is that approximately 50% of the total number of species will be lost in an area where 90% of the habitat is lost. 
Examples: 
1 - In the past 40 years the population densities of migratory songbirds in the mid-Atlantic USA have dropped by 50%. 
2 - Of the 20,000 known plant species in the USA, 680 are in danger of becoming extinct by the year 2000. 
3 - 20% of the known freshwater fish in the world have either become extinct or are seriously threatened. 

D.    Current worldwide population growth 
Countries around the world are not all growing at the same rate. Some countries have near zero population growth (i.e. Sweden) because the birthrate equals the death rate.  In most developing countries, however, birthrate exceeds death rate, so the human population as a whole continues to grow. 

An important factor in growth rate of a particular country is its age structure. This can be graphed in the form of what is called a population histogram (displays the age and gender composition of a population). 

Example:  Sweden has a relatively uniform age distribution.  Younger individuals (reproductive age or younger) are not disproportionately represented. 
Mexico has an age structure that is bottom heavy.  There are more young individuals.  If they produce more offspring than their parents did, the population will continue to expand at the base.


Value of population histograms: 

Population histograms change over time.  They are not reliable for long term predictions, but give a snapshot view that can be used for short term planning, i.e. for schools, hospitals, retirement homes, etc. 

Example:  In the United States, the post-war baby boom greatly increased the number of school aged children in the 1950s and 1960s.  There has been a short supply of schools and will be a short supply of housing as their kids get older.  There will be problems as this group reaches retirement age, such as higher health costs.  Also a smaller proportion of the population will be supporting the retired as compared to now (Social Security).

E.    Population Control/Sustaining Resources 

What would you do if you could make all the laws?

