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Population Dynamics
 Chapter 15: Human Populations
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Human Populations Flourish• World’s Population: ~ 6.8 billion (US Census Bureau)• Hunter-gatherer lifestyle restricted population size due to
 low birth rates and high death rates (esp. very young, old, ill)
 • The emergence of agricultural practices and animal domestication allowed for a stationary lifestyle, which allowed for large families and supported higher population densities– Small numbers of individuals (farmers) could support large
 populations– Artisans, scholars, merchants became commonplace– Major advances in technology
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Human Populations Flourish-cont’d• Human populations today rely on the same food crops
 and domestic animals as our ancestors since the vast majority of wild plant and animal species are unfit for domestication– wheat, rice, corn– sheep, pigs, cattle, horse (chores)
 • Epidemic diseases spread rapidly through large populations and result in significant mortality– Arose from areas where there were large populations and
 widespread animal domestication (ex. Europe, North Africa, Southeast Asia, India, China)
 – Many epidemic diseases are believed to have originated in domestic animals (ex. small pox) Table 4, page 702
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Human Populations Flourish-cont’d
 • Factors which led to human population explosion:– Science (ex. germ theory, fossil fuel conversion-
 Industrial Revolution)– Increase in food supply– Reduction in people needed to work the land– Drop in death rates due to safe drinking water,
 sewage systems, vaccine usage• Death rate of the very young decreased significantly
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Human Demographics
 • Recall: Population Growth =(births + immigration) – (deaths + emigration)
 • Demography: Study of the growth rate, age structure and other characteristics of human populations
 • Last 300 years: human birth rates have been relatively stable but human death rates have reduced dramatically, resulting in ~1.6% growth rate per year (about 96 million people; 43 year doubling time)
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Human Demographics-cont’d
 Growth Momentum: Less industrialized countries experience rapid growth due to very large numbers of young people that will reproduce long before an equivalent number of deaths occur in older people
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Human Demographics-cont’dDemographic Transition Model
 Gross National Product (GNP): Total value of all goods and services produced by a country per capita in a year; indicator of a country’s level of industrialization
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Human Demographics-cont’d
 • The level of industrialization has an impact on:– Fertility rate– Infant mortality rate– Life expectancy– Doubling time for a population– Per capita GNP
 • Higher life expectancies do not correlate with higher growth rates– A large aging population (aka seniors) is beyond
 reproductive age
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Human Demographics-cont’d
 Thomas Malthus predicted that exponential population growth would surpass arithmetic food production growth

Page 10
						

Human Demographics-cont’d
 Future Changes in World Population Growth Scenarios(a): Density-dependent factors (ex. food production, water quality) could threaten Earth’s carrying capacity for future generations(b): High levels of consumption are exceeding Earth’s carrying capacity in unsustainable ways even if the world’s population stabilizes(c): Even if the world’s population were to crash, humans are degrading Earth so quickly that it may not be possible to regenerate the resources required for the remaining population to survive
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Food and Soil
 • Almost 500 million people consume less than the minimum critical diet (9900 J) regularly
 • Main cause of hunger is poverty– Prevents the poor from growing or buying food
 • Production of fish, grain and livestock are estimated to be close to the maximum– Ocean pollution, aquatic habitat damage and
 overharvesting have limited the world’s seafood catch
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Food and Soil-cont’d
 • Livestock ranching has negatively effected:– Forests (degradation)– Grain availability for human consumption– Water availability for human consumption– Water quality– Fish species
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Food and Soil-cont’d
 • Grain production will slow down due to the loss of agricultural land for crop growth. This loss is due to:– Non-agricultural use (ex. housing)– Soil degradation (root loss affects nutrient cycles
 and nutrients leach away; droughts cause soil erosion; floods limit oxygen to plant roots)
 – Salinization (salts accumulate in soil and disrupt nutrient and water movement)
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Food and Soil-cont’d• Energy pyramids show that only about 10% of the energy in
 one organism is transferred to the organism in the next trophic level– Energy is converted to heat, used for day to day activities (ex. feeding,
 running)• The greater the number of organisms in a food chain, the less
 energy is received by the organisms in the highest trophic level– Humans consuming a vegetarian diet would receive 10% of the energy
 in plants (producers)– Humans consuming meat (ex. beef) would receive 1 % of the energy in
 plants (producers)• Plants (producers) can sustain large populations in countries
 with insufficient food production• Some countries must rely on livestock for food due to inability
 to grow crops readily

Page 15
						

Food and Soil-cont’d
 • Genetically Modified Organisms (GMOs)– Pros
 • Crops can be engineered to resist pests, to resist extreme temperatures, to have improved nutritional content , to have improved flavour, to produce bigger yields
 – Cons• Potential loss of genetic diversity• Farmers need to purchase seeds regularly which will be
 difficult for poor farmers• May end up in products unintentionally• May not be indicated on food labels
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Water and Air• Beneath the Oak Ridges Moraine lies an aquifer that feeds 65 rivers
 and streams – Aquifer: porous, water-saturated layers of sand, gravel or
 bedrock that can store and yield significant volumes of water• Water pollution can occur due to:
 – Livestock wastes (pathogens)– Excessive fertilization (can lead to algal blooms)– Pesticides– Acid precipitation– Storm water run-off– Industrial wastes– Mine tailings (crushed rock left over after metal/mineral
 extraction)– Household waste water– Raw sewage

Page 17
						

Water and Air-cont’d
 • Worldwide, approximately 70% of all diverted freshwater is used to irrigate cropland, 20% is used by industry, 10% is used by residents and cities
 • Glaciers are melting at an alarming rate– Sources of water for many river systems
 • By 2025, 2.8 billion people in 48 countries will face severe water stress– Water conservation programs are being adopted in many
 countries• Some are very expensive and out of reach for poor farmers (ex.
 sprinkler systems)

Page 18
						

Water and Air-cont’d
 • Desalinization: Removal of salt, usually from seawater, to produce water suitable for drinking or for irrigation – Requires lots of energy making it expensive– Waste salt cannot be put back into water or
 buried underground– Solution for regions with severe water shortages

Page 19
						

Water and Air-cont’d
 • Sources of air pollution:– Vehicle emissions, industrial and hospital
 smokestacks
 • Acid precipitation:– Sulphur dioxide and nitrogen oxides mix with
 precipitation to form sulphuric and nitric acids– Distant ecosystems can be affected due to wind
 carrying pollutants from polluted areas

Page 20
						

Water and Air-cont’d• Acid precipitation can change soil and water pH which
 can drastically effect forests, crops, aquatic systems:– Nutrients can leach from soil– Aluminum ions can be released which affects nutrient
 uptake and transport– Trees and plants become more susceptible to diseases– Highly toxic compounds can be dissolved and released into
 soil– Changes in the pH of aquatic systems can reduce fish
 populations through acid stress or by affecting reproduction
 – Toxic metals can leach into water
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Water and Air-cont’d
 • Greenhouse Effect:– Atmospheric gases (ex. CO2, water vapour,
 methane) trap heat in the atmosphere by letting visible sunlight penetrate to Earth’s surface, while absorbing most wavelengths of infrared radiation that radiate from Earth’s surface
 • Global warming can result in numerous negative effects to ecosystems– See table 1, page 730
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Restoration Ecology and Waste Management
 • Five Rs of waste reduction:– Reduce– Reuse– Recycle– Refuse– Recover
 • Biologists continuously monitor components of carrying capacity (ex. soil, water, air) to assess changes in ecosystems. To do this, they:– Establish baseline data– Measure and observe indicators (ex. water turbidity)– Examine indicator species (ex. frogs)
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Restoration Ecology and Waste Management-cont’d
 • Ecological Footprint:– Estimate of the amount of land and water needed
 to supply resources and deal with wastes produced by a human population
 • Bioremediation:– Organisms (ex. bacteria) are used to detoxify
 polluted environments (ex. oil spills)• They use enzymes to break down toxic chemicals to
 less toxic/nontoxic chemicals they can digest• Eventually the organisms die from starvation
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Restoration Ecology and Waste Management-cont’d
 • Two ways of dealing with global pollution:– Prevent, reduce, eliminate pollutant production
 (ex. wind and solar power)– Continue cleaning up pollutants after they have
 been produced
 • Eco-cities:– Cities designed to minimize their impact on the
 environment and to establish sustainable lifestyles
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Restoration Ecology and Waste Management-cont’d
 • High-Throughput Economy:– Sustains economic growth by increasing resource
 movement• These resources are eventually output as wastes and
 pollution
 • Low-Throughput Economy:– Efficient use of energy resources
 • Reuse and recycle most non-renewable resources• Allow renewable resources time to regenerate• Decrease unnecessary consumption• Pollution prevention focus (ex. reduce wastes)
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