Ecosystems and Populations
· We are immersed in life.

· Conditions for most life are found in a layer 

· from ~ 5 miles in the atmosphere (some microbial spores and insects)

· to ~ 5 miles below the ocean surface.

· This “layer of life” is called a BIOSPHERE

· However, most life occurs in a narrow layer extending

· from ~ 600 ft. depth in the ocean where sunlight is able to penetrate

· to the summer snow line of high mountain peaks where a thin layer of soil supports plant life such as lichens and mosses

· Biomes:

· based on the dominant types of vegetation

· strongly correlated with regional climate patterns

· Climate:

· average weather within a geographical area viewed over years, or even centuries

What is and what causes climate

· Climate, like weather, includes:

· temperature

· precipitation 

· humidity 

· wind velocity and direction 

· cloud cover 

· and associated solar radiation

1) changes in ocean temperatures 

2) changes in the earth’s orbital geometry 

3) volcanic activity that increases atmospheric dust and reduces sunlight penetration 

4) variations in solar radiation 

5) increases in atmospheric gases that absorb heat energy

How is Climate Affected?

· Climate is most affected by temperature

· Sunlight striking the earth varies by region and time

· The seasons are caused by the tilt of the earth on its axis as it revolves around the sun

The sun impacts the earth in bands of decreasing energy extending north and south from the equator creating biomes


Ecosystems And Biomes

· Ecosystems

· often a component of a biome 

· biosphere, biomes, ecosystems and populations relationships 

· are identifiable areas within nature where the organisms interact among themselves and their physical environment and exchange nutrients

Ecosystem Components

· Biotic components include living organisms and the products of these organisms

· Abiotic components include such things as water, air, sunlight, minerals, and their interaction

· Biomes can be examined using ecosystems 

Biomes

· groupings of plants and animals on a regional scale whose distribution patterns depend heavily on patterns of climate

· identified by the climax vegetation or community

· climax community forms in an undisturbed environment and continues to grow and perpetuate itself in the absence of further disturbance 

Tundra

· Limited to the upper latitudes of the northern hemispheres forms a belt around the arctic ocean

· Barren, treeless, low-lying shrubs, mosses

· Long winters, short growing season with little precipitation

· Little soil under permafrost
Taiga

· Coniferous (cone-bearing) trees forming a giant arc from Alaska, No. America, Canada, Europe, Siberia

· 15-20”/yr. precipitation, long severe winters

· Conical, needleleaf trees adapted to harsh winter

· Moose, elk, deer, snowshoe hare: Predators whose coats become white in winter

Biomes - Temperate Broadleaf Deciduous Forest

· Located in western and central Europe, eastern Asia and eastern North America.

· 20-60”/yr. precipitation, distributed evenly

· Carnivores have been mostly eliminated

· by habitat destruction and hunting 

· Nut-eaters such as squirrels and chipmunks

· Omnivores such as raccoons, skunks, black bear and opossum

Temperate Broadleaf 
Deciduous Forest 

Biomes - Temperate
Evergreen Forest

· Where soil is poor and droughts and fires are frequent

· the predominant species tend to be evergreens

· Cool coastal climates

· with considerable rainfall

· frequent heavy fogs may produce temperate rainforests (redwoods)

Biomes - Chaparrals

· Moderately dry climate

· characterized by small (3-15 foot) shrubs with leathery leaves that contain aromatic and flammable substances

Temperate Grasslands

· Includes prairies, steppes, veldt, pampas
10-20”/yr. precipitation much as snowfall

· Predominant plant forms are perennial grasses

· Ground squirrels, prairie dogs, and pocket gophers

Tropical Rainforest

· Constant warmth, > 17.8ºC on average - No seasons in the rainforest

· > 100”/yr. of rain

· > 40% of world’s plant and animals grow in the tropical rainforest.

· The life of the forest occurs in the canopy
Deserts

· Arid climates < 10”/yr. precipitation a year evaporation exceeds this precipitation

· Temperatures higher than 37.8°C (100°C) on summer days and plummet to -6.7°C (20°F) at night

Rain Shadows 

· Easterly winds keep the moist air that rises off the oceans from reaching the coast

· Temperate deserts are generally located in areas known as rain shadows

· Located in the interiors of continents
Energy Flow 

· Energy comes from the sun  

· 0.1% of sun’s energy is used by plants, autotrophs

· photosynthesis to create simple sugars

· using carbon dioxide and water

· and releasing oxygen

Energy Flow 

· Heterotrophs convert about 10 % of the consumed Kcal. into flesh or organic matter 

· 90 % of consumed energy is used in respiration necessary for the energy of motion

· As energy is transferred through the food chain, about 90 percent of that available energy is lost with each transfer

Efficiency of Primary Consumers 

· A wolf consuming deer or rabbit that eat grass would be a  secondary consumer

· receiving (1/10 x 1/10 = 1/100) of the available energy in the plant 

· 3,000 pounds of corn 

· would feed one steer which would feed one person

· while the grain would feed 20 people
Consumption Types

· Herbivores

· Animals that eat only plants

· Carnivores

· Animals that eat primarily animal flesh

· Omnivores

· Animals that eat plants and animals and include rats, bears, humans, hogs, and foxes

Trophic Levels & the  Food Web

·  Autotrophic

· Plants are producers, 

· first trophic level 

· Heterotrophic 

· Primary consumers or herbivores, 

· Second trophic level 

· Secondary consumers (carnivores), 

· third trophic level

Nutrients, Recycling

· Nutrients are recycled

· process called biogeochemical cycling

· Scavengers

· feed upon the dead remains of animals

· Decomposers

· insects, bacteria, fungi, and protozoa  

· SEQUENTIALLY break down complex organic materials into

· low energy mineral nutrients

· that once again may be reabsorbed and used by plants

Nutrient Recycling, elements

· Macronutrients

· Sulfur, phosphorous, carbon, oxygen, hydrogen, and nitrogen, calcium, Potassium 

· Trace elements

· Elements required in tiny amounts such as zinc, manganese, chlorine, iron, Iodine, and copper

Nutrient Cycles, Carbon

· Includes:

· physical states of gas, liquid, or solid, and

· chemical forms including organic and inorganic 

· CO2 

· respiration

· combustion of fossil fuels

· decomposition of organic matter.

Nutrient Cycles, Carbon

· Highest levels of carbon are found in oceans

· Plants convert inorganic carbon to carbohydrates by photosynthesis

· Plants may be consumed, decompose, or eventually converted to fossil fuels

Nitrogen Cycle

· Atmospheric nitrogen must be converted to nitrates, nitrites, or ammonia before consumption

· Conversion is natural or synthetic 

· Recycled

· Back to atmospheric nitrogen

· by denitrifying bacteria

· The bacteria are anaerobic

· live in mud and sediment of lakes, streams, and ponds

Nitrogen Cycle

· Natural Conversion Processes

· By nitrogen-fixing bacteria (Rhizobium spp.)

· Some species of organobacteria

· By lightning

· Released from erosion of nitrate-rich rocks

· Man-made Conversion Processes

· Manufacture of fertilizers

· NOx created by

· boilers and internal combustion engines

· and converted to nitrates and nitrites in the atmosphere

Nutrient Cycles, Phosphorus

· Gradually leached from sedimentary phosphate rock by rain or erosion

· process referred to as the sedimentary cycle

· Animal wastes and decomposition releases phosphorous

· to the soil for reuse by plants

· Mining and agriculture

· can erode soil and carry phosphorous into streams, etc.

· phosphate being rapidly depleted - Infertile soils likely 

· Main element in compounds such as adenosine triphosphate (ATP)

Succession

· Predictable and gradual progressive changes of biotic communities toward the climax community

· one which perpetuates itself

· with no further succession in an undisturbed ecosystem

· Stable ecosystems

· materials are constantly recycled within the system through growth, consumption and decomposition 

· Processes tend to balance each other 

· there is little net loss over long periods of time in a process called Dynamic Equilibrium

Succession

· Primary succession 

· first creating soil on the barren lava or exposed rock surfaces

· then dust is captured in cracks and crevices

· along with microscopic organisms and seeds

· carried by the wind or 

· deposited by small animals and birds

· mixtures of fungi and algae

· known as lichens

Succession

· However,

· poor land management techniques

· may result in fewer overall species

· a process called retrogression 

· Ironically,

· remaining species may be less desirable from a human point of view

NOAA - Global Mean Temperatures

NOAA - Mean Temperature Change

NOAA - Surface Temperatures

NOAA - U.S. Temperature Trend

NOAA - U.S. Precipitation Trend

The Conclusion

· Human population is exerting enormous pressure upon world ecosystems

· multiplying in logarithmic proportions

· developing energy intensive technologies

· releasing dramatic levels of toxic substances

· Most biotic communities are proving unable to respond to unrelenting system disruptions

· causing losses in species, soil degradation, desertification, contaminated water, possible climate changes affecting quality of life

Population

· Be fruitful and multiply and fill the earth…

· Genesis 1:28

· Growth for the sake of growth is the ideology of the cancer cell

· Edward Abbey

· There is growth and there are limits to growth

· Understanding the dynamics of human populations is essential to the study of environmental health

· surging populations, environmental degradation, and ethnic conflict are strongly intertwined

Lesser Developed Countries (LDCs)

· Overpopulation, infectious disease, crime, diminishing resources, influx of refugees 

· increases the erosion of nation-states 

· leading to the empowerment of private armies, security firms, illicit drug cartels

· This is a vision of the early 21st century in many parts of the LDCs

· Threatens to expand along with the growth of human populations

The Characteristics Of Populations

· A species is normally considered to be

· a group of organisms 

· that can breed together 

· produce viable and fertile offspring 

· Different species

· have differing physical attributes

· also differ in the population characteristics 
· A population is considered to be the breeding group for an organism

· Each population has characteristics that help to identify it, such as:

· birth rate and death rate

· rate of natural increase

· age distribution

· and gender ratio

Birth Rate

· Birth rate refers to the number of individuals added to a population through reproduction 

· live births 

· Normally expressed as the number of live births per 1,000 population

· counting the population at the midpoint of the year

· Death rate is similarly calculated

· using total deaths divided by the mid-year total population

U.S. as an example 

Rate of Natural Increase

· The rate of natural increase is 

· the (birth rate) - (death rate)

· It reflects the growth rate without migration 

· the growth of a population in the absence of migration must depend on the birth rate being higher than the death rate 
Age - Gender Distribution

· The age-sex composition of the population

· has a profound effect on the birth and death rates of a country

· because the probability of dying or giving birth within any given year depends upon the age and sex of the population members

The Characteristics Of Populations

· Total Fertility Rates

· TFR represent the number of children a woman in a given population is likely to bear during her reproductive lifetime

· providing that birth rates remain constant for at least a generation

Immigration/Emigration

· When the density of organisms becomes too great, and intense competition for food, water, and other resources some species have the ability to disperse or migrate out of the area

· in doing so, temporarily relieve the overcrowding. 

· This process is called emigration
· When species emigrate from an area

· they must immigrate or enter into another area 

· Driven by natural disasters, war, disease, and poor resources, 

· refugees worldwide may exceed 15 million, 

· ~ 880,000 to 1.4 million immigrants entering the U.S. each year, 

· including > 200,000 who enter illegally

Population Dynamics

· Periodic upsurges in populations may lead to overwhelming numbers 

· Population explosions occur in rabbits, lemmings, soldier ants, or locusts

· but there are always some natural pressures that bring the population back into balance with their natural surroundings

· Biotic Potential vs. Environmental Resistance  

Population Dynamics

· Biotic potential refers to the unrestricted growth of a population with maximum growth rate  -

· and is influenced by: 

· frequency of reproduction 

· total number of times the organism reproduces

· number of offspring from each reproductive cycle 

· age at which reproduction starts

· Environmental Resistance refers to those pressures that 

· limit population

· may include such factors as disease, wars

· predatory behavior

· toxic waste accumulation

· species competition
Population Dynamics

· Lag Phase

· The initial part of the curve in which the organisms show no increase in growth rate, but are preparing for the exponential growth phase which follows

Population Dynamics

· If an organism grows too rapidly

· the population escalates beyond the carrying capacity of the environment in which it is located

· a “J” type growth curve (log or exponential growth may develop 
Population Dynamics

· Growth may oscillate every few years

· e.g., lemmings that inhabit the arctic tundra north of the Canadian forest 

· every 3 to 4 years the population explodes, then crashes the following year, followed by a 2 year cycle of slow recovery 

Type III populations are limited by density-independent factors such as a drought that dries up a pond, or sudden climactic changes such as El nino altering water temperature making it uninhabitable for certain species
· r-strategy (Type III) populations are typically small, short-lived organisms

· produce large numbers of offspring

· and receive little or no parental care

Type I populations have density dependent factors (food supply) that become more limiting as the size of the population grows
· k-Strategy (type I”)  large organisms with relatively long life spans

· have only a few offspring, but devote their energies to protecting and nurturing the offspring 

· to enhance their individual survival until they can reproduce
World Population Trends

· Demographers use population size, fertility rates, migration, birth and death rates, infant mortality, density, age-sex composition, etc. to characterize and predict

· About 10,000 years ago, humans began to domesticate animals and cultivate crops, this allowed the human population to increase

Annual
Rate
· Since then, the world growth rate has increased dramatically, although we are currently experiencing a downward trend but still increasing in population numbers

Historical Trends

· Growth Rate

· Is determined by the birth rate minus the death rate 

· The birth rate is the ratio of births to the population

· The death rates is the ratio of deaths to the population 

· When populations grow very large even smaller growth rates lead to additions of larger numbers of people to the global population 

· Note lower growth rate but increasing population 

Population increases even if growth rate declines 

Historical Trends

· Doubling Time:  the number of years for a population to double its size

                                0.70/growth rate or 70/growth rate as %

                                                                              N. Europe = .70/.001 = 700 years

                                                                             N. Europe = 70/.1% = 700 years
Historical Trends

· Demographic Transition - Developed Countries

· Exhibited slowly declining birth and death rates over the last century

· Resulting in a diminishing difference between birth rates and death rates = a very low rate of natural increase

· Resulting in a stable population with very long doubling times
Historical Trends - LDC

· Incomplete Demographic Transition

· LDCs lack resources to institute social security

· populations had remained stable through high birth rates and high death rates 

· Developed countries introduced better sanitation and nutrition to LDCs

· resulting in a decrease of the death rate

Population Decreases in the Developed Countries

· Declines in Fertility - Trend

· In 1970 19 countries reported declining fertility rates

· In 1997 > 57 countries reported below-replacement fertility rates

· By the year 2060, Europe will have lost almost 25 percent of its population

· if trend continues

· Concerns About Decline

· Throughout Europe and Japan declining population will result in decreasing house and land prices as the demand declines along with the population = economic impact

· In the southern island of Kyushu, Japan, officials are offering a gift of $5,000 to parents who have a fourth or subsequent child

Why is Decline Occurring?
Higher education for women with new aspirations and higher incomes, is considered to be a factor for declining fertility rates in many countries

Fertility Rates in the United States

· The replacement TFR level for most countries is accepted as being 2.1.

· Subtle changes in social attitude appeared to produce rather significant changes in fertility rates

Immigration and the Changing Racial Landscape in the United States despite TFR below replacement levels, immigration adds 850,000 to 1.2 million each year

· Yet, an expanding population of elderly white will be expecting support (social security) from a working population of high diversity and proportionally fewer workers per retiree

UN estimates of population growth

· the world population will stabilize at 11.5 billion people around the year 2150

· if the world fertility rate drops to 2.06 and life expectancy is 85 years

More than 80 % of the world lives in the LDCs, in the next 20 years 1.76 billion children will be born in the LDCs

World Population ~ 6 billion & 1.4% annually

· ~ 98% of the annual increase is occurring in the LDCs

Urbanization - What is it?

The mass migration of people to the cities

· Megacities - defined as having a population of more than 10 million

· Commonplace by the year 2015

· 9 of the 10 largest cities being in the the developing countries

Urbanization

· Facilitates the spread of disease

· 3/4 of HIV+ people in Africa

· Potential increase in violence

· Urban poverty as a destabilizing force

· Environmental degradation

· e.g., Only 6% of Sierra Leone’s rainforest left

· deforestation -> flooding -> mosquitoes

The Control Of Population

· Empowerment or Force

· Countries have attempted to bring population growth under control

· Those that have not first empowered women and provided effective birth control have often resorted to oppressive population control policies

· e.g., India and China

Population Policies in Some Countries

· India

· India was the first country to introduce family planning in 1951

· rhythm method -> IUD -> sterilization -> backlash

· China

· China continues to enforce a one-child policy in the nation’s largest cities such as Beijing and Shanghai 

Family Planning Versus Population Control

· Population Control

· Government directed programs that set a policy on an optimum population size

· Family planning

· Voluntary programs that directed at assisting couples in having the number of children they desire regardless of how many

Methods Of Fertility Control

· Methods that prevent fertilization of the egg are called contraception

· Methods vary in

· their risks to health

· their efficacy in preventing pregnancies

· ease of use and acceptance

· costs 

· Classified as reversible or permanent

