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(r & K population)

• Came from a mathematical
model of population growth
which is typically a sigmoid
curve

How much a given system will invest in one strategy at the expense of the
other one depends on the selective environment.

• in an r-situation, organisms will invest in
quick reproduction

• K-situation they will rather invest in
prolonged development and long life

For small populations, growth is exponential as
represented by the r parameter

• r-selected populations are typically far from their
carrying capacity, and thus able to grow exponentially
using an abundance of available resources

• However, because of the dangers in the environments
(diseases, predators, droughts, etc.) the population is
regularly decimated so that it never actually reaches
the carrying capacity.

When the population becomes larger, growth slows down as the
population reaches the maximum carrying capacity (represented by
the K parameter) of the environment.

• K-populations are well-protected against such
disasters and therefore remain close to the carrying
capacity. In that regime, resources are limited, and
there is strong competition among the members of the
population. This competition allows only the strongest,
largest, most developed or most intelligent members
of the species to survive and reproduce

evolutionary principle, which states that organisms will determine their
position on the development-reproduction trade-off according to the
security of their environment, has many practical, observable applications.

• The main prediction that can be made is
that organisms that are otherwise similar,
but confronted with different
environments, will put either more
emphasis on development and survival
or on reproduction

• r-organisms K-organisms
• short-lived longlived
• Small large
• Weak strong or well-protected
• waste a lot of energy energy efficient
• less intelligent more intelligent
• have large litters have small litters
• reproduce at an early age reproduce at a late age
• fast maturation slow maturation
• little care for offspring much care for offspring
• strong sex drive weak sex drive
• small size at birth large size at birth
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(r or K?) (r or K?) (r or K?)

(r or K?) (r or K?) (r or K?)
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(r or K?) Generalist or specialist

• The distinction between generalists and
specialists is not limited to animals. For
example, some plants require a narrow
range of temperatures, soil conditions
and precipitation to survive while
others can tolerate a broader range of
conditions.

36. Generalist or

Specialist?

37. Generalist or

Specialist? Generalist or specialist? Generalist or specialist?
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Generalist or specialist?

38. Generalist or

Specialist?

39. Generalist or

Specialist?

40. Generalist or

Specialist?

What is Energy?

Scientists define energy as the ability to do
work.

• Energy makes change; it does things for us. It moves
cars along the road and boats over the water. It bakes
a cake in the oven and keeps ice frozen in the freezer.
It plays our favorite songs on the radio and lights our
homes. Energy makes our bodies grow and allows our
minds to think. People have learned how to change
energy from one form to another so that we can do
work more easily and live more comfortably.
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Forms of energy

• energy is found in different forms, such
as light, heat, sound and motion. There
are many forms of energy, but they can
all be put into two categories:

• kinetic and potential.

Kinetic and potential

• Kinetic energy is
motion––of waves,
electrons, atoms,
molecules,
substances, and
objects.

• Potential energy is
stored energy and
the energy of
position––gravitatio
nal energy. There are
several forms of
potential energy.

kinetic

• Electrical Energy is the
movement of electrical
charges. Everything is made
of tiny particles called atoms.
Atoms are made of even
smaller particles called
electrons, protons, and
neutrons. Applying a force
can make some of the
electrons move. Electrical
charges moving through a
wire is called electricity.
Lightning is another example
of electrical energy.

• Radiant Energy is
electromagnetic energy
that travels in
transverse waves.
Radiant energy includes
visible light, x-rays,
gamma rays and radio
waves. Light is one type
of radiant energy. Solar
energy is an example of
radiant energy.

kinetic

• Thermal Energy, or
heat, is the internal
energy in
substances––the
vibration and movement
of the atoms and
molecules within
substances. Geothermal
energy is an example of
thermal energy.

• Motion Energy is the
movement of objects
and substances from
one place to another.
Objects and substances
move when a force is
applied according to
Newton’s Laws of
Motion. Wind is an
example of motion
energy.

kinetic

• Sound is the movement
of energy through
substances in
longitudinal
(compression/rarefactio
n) waves. Sound is
produced when a force
causes an object or
substance to
vibrate––the energy is
transferred through the
substance in a wave.

potential

• Chemical Energy is
energy stored in the
bonds of atoms and
molecules. It is the
energy that holds these
particles together.
Biomass, petroleum,
natural gas, and
propane are examples of
stored chemical energy.

• Stored Mechanical
Energy is energy
stored in objects by
the application of a
force. Compressed
springs and
stretched rubber
bands are examples
of stored mechanical
energy.
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potential

• Nuclear Energy is
energy stored in the
nucleus of an
atom––the energy that
holds the nucleus
together. The energy can
be released when the
nuclei are combined or
split apart. Nuclear
power plants split the
nuclei of uranium atoms
in a process called
fission.

• The sun combines the
nuclei of hydrogen
atoms in a process
called fusion. Scientists
are working on creating
fusion energy on earth,
so that someday there
might be fusion power
plants.

potential

• Gravitational Energy is
the energy of position or
place. A rock resting at
the top of a hill contains
gravitational potential
energy. Hydropower,
such as water in a
reservoir behind a dam,
is an example of
gravitational potential
energy.

Conservation of energy

• To scientists, conservation of energy is
not saving energy. The law of
conservation of energy says that energy
is neither created nor destroyed. When
we use energy, it doesn’t disappear. We
change it from one form of energy into
another.

• A car engine burns gasoline, converting
the chemical energy in gasoline into
mechanical energy. Solar cells change
radiant energy into electrical energy.
Energy changes form, but the total
amount of energy in the universe stays
the same

Energy transformations

• Energy efficiency is
the amount of useful
energy you get from
a system.

• Converting one form
of energy into
another form always
involves a loss of
usable energy.

Human body

• Your body is like a
machine, and the fuel
for your machine is food.
Food gives you the
energy to move, breathe,
and think. But your
body isn’t very efficient
at converting food into
useful work.!

• Your body is less
than five percent
efficient most of the
time. The rest of the
energy is lost as heat.
You can really feel
that heat when you
exercise
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Sources of energy

• renewable and non-
• renewable.

• Replenish

• Time

• determines

• Which is

• which

Electricity and hydrogen are different
from the other energy sources because
they are secondary sources of energy.

• Secondary sources of energy—energy carriers— are used to store,
move, and deliver energy in easily usable form. We have to use
another energy source to make electricity or hydrogen.

• In the United States, coal is the number one energy source for
generating electricity.

• Today the cheapest way to get hydrogen is by separating it from
natural gas, a nonrenewable energy source. Hydrogen can also be
separated from water and from renewables but hydrogen made
from these sources is currently too expensive to compete with
other fuels. Scientists are working on ways to make hydrogen
from water and renewables more affordable.

Energy information adminstration

• http://www.eia.doe.gov/

Unit of measurement

Btu

(british thermal unit)

1 lb of water 1 degree F

exercise

• Today is your birthday!
– You get 1 candle for each year you have

been alive
• Each candle = 1btu

• 252 calories per btu

• 0.25 food calories per btu

• 0.11 oz water will boil per btu of heat

• Multiply your years x each number

• How many ounces of water can you boil?

Some btu #s

• The typical heat gain added to a room
by a person at rest is about 230 BTUs
per hour.
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How many BTU's do I need for my
room?

• Here's a somewhat rough way to figure this out:
• 1) First, multiply the square footage of your room by the height of

it's ceiling. This will give you it's volume in cubic feet._
• 2) Multiply the room's volume by 4 if it has poor insulation; by 3 if

it's insulation is average (3.5" thick insulated walls); by 2 if it has
good insulation (6" thick insulated walls). This will give you a
rough estimate of how many BTU's you need.

• Approximately 28 BTUs/hr. are required
to maintain one square foot of space at
70 degrees.

• For example, a 10' x 10' room with a 8' ceiling is 800
cubic feet. It has average insulation, so we multiply
800 by 3, giving us 2400 BTU's.

• This formula is very rough and does not take into
account the climate you live in or your personal
temperature preferences. If you live in a colder
climate or prefer a higher temperature, you will need a
heater with a higher BTU rating.

Wells’ rule of thumb?

• Solar 300 btus/sf per hour in
portland, oregon

• How many dollars is
a BTU worth . . . ?

• Economics is subject to the
same energy laws as the
physical sciences.

• The irony is that these laws are
inadequate to explain such a
complex field.

•  For example, the empirical
disciplines do not distinguish
between the energy in

– One BTU of peat or one BTU of
hard coal

– A dozen sterile factory eggs or a
dozen fertile barnyard eggs

How is the energy in a piece of wood or
an egg measured . . . ?

•  It is measured by incineration in a bomb
calorimeter, reducing the energy of the
material to its thermal content.  Context,
quality, historical record -- all such measures
of potential for useful exchanges are
obliterated when an energy source is reduced
to its heat content.  

• Heat content is measured by such units as
Calories or BTU’s.

One BTU is approximately:

•1054–1060 joules

• •252–253 cal (calories, small)
• •0.252–0.253 kcal (kilocalories)
• •778–782 ft·lbf (foot-pounds-force)
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• One potato has about 100 food Cal.
• One pound of coal generates about

13,000 BTU.
• One barrel of oil generates about

160,000 Cal.
• A burning tire generates the same heat

as 2.5 gal of oil.

• a) Which is larger, one BTU or one Cal?
• b)  If all of the energy in 10 lbs of coal went into

heating a full 40 gal hot water tank, how much would it
raise the temperature of the water?

• c)  Estimate how much one Cal would raise your body
temperature

• d)  If all of the energy in the potato you just ate went
into raising your body temperature, what would
happen ... ?

• Thermal Energy   One measure of heat energy is the
BTU (British Thermal Unit). A BTU is the energy that
goes into heating one pound of water one degree
Fahrenheit.

•  Amazingly, this is the equivalent of 778 ft-lbs of work.
In other words, the thermal energy that goes into
raising the temperature of an 11 ounce mug of coffee
one degree (°F) is approximately equivalent to the
work of lifting 55 pounds up one flight of stairs. (A pint
, or 16 fluid ounces of water weighs about one pound.
 Rule of thumb -- A pint’s a pound the world around.)

The BTU per hour (BTU/h) is the unit of power
most commonly associated with the BTU.

• 1 watt is approximately 3.4 BTU/h
• •1000 BTU/h is approximately 293 W
• •1 horsepower is approximately 2540

BTU/h

Food calorie

• A Calorie is 1000 calories, and should
always be called a kilocalorie, but it is
common practice in food labeling and
nutritional references to simply call it a
Calorie. The food Calorie is the
kilocalorie.

• A calorie (small c) is the quantity of heat required to raise the
temperature of one gram of water(1ml), one Celsius degree
(2deg F)

• A Calorie=kilocalorie
• 1000 calories (1Cal) will raise 1 liter of water 2 degrees F
• 1 liter of water = 33 oz. (~2lbs)
• 252 calorie to raise 1 pound of water 1 degree fahrenheit

– Example:
– 1Cal (252/1000) x ____lbs = _____degreeF
– 1Cal (___lbs/2lbs) =2degF
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electricity

• one watt hour of electricity is 3.413
B.T.U.'s

• 30kwh = ?
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The largest hydroelectric producing river in the USA
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Cadillac Desert

Marc Reisner
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First Causes

• 1/4 million dams in the U.S. over last 100 years

• Ignoring the earthen dams- 50,000 remain

• Subtract small dams leaves 2,000 really big dams

• They are 60 stories high or four miles long,..

• They contain enough concrete to pave an interstate

highway end to end..

4/17/07

An archaeologists view

• These are the dams that will make archaeologists

blink!

• Did our civilization fall apart when they silted up?

• Why did we feel so compelled to build so many?

• We know surprisingly little about vanished

civilizations whose majesty and whose ultimate
demise were closely linked to liberties they took

with water. Reisner
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The beginning
• The great white winter of 1886, a parabolic curve of rushing

frigid air from the artic ran over the plains. The windchill
approached 100 below, and

• Trapped for weeks,months, pioneers  literally lost their minds,
starving…..

• Cows were found piled by the hundreds at the corners of fenced
quarter sections, all facing southeast. (enough cows died to feed
the entire nation for a couple of years)

• Bankrupt cattle barons dismissed thousands of hands

• As soon as the frigid cold was gone, the droughts followed, with
temperatures as high as 118 in Colorado in 1888.

• By 1890, the 3rd year of the drought, the people of the

• plains states began to turn back east.

• Tens of thousands went to wetter Oklahoma to the land that the
federal government usurped from 5 indian tribes.
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The rains came
• While the drought was happening in the plains, in the east

it was pouring continually for weeks.

– On the Allegheny River, Pennsylvania, sat a big earthfill dam
built 37 years earlier, it was the largest dam in the world.

– Rains rose in the reservoir and turned the dam into “cream of
wheat”, On May 31 the dam dissolved….sixteen billion gallons
of water dropped like a bomb on the town below. Before

anyone had time to flee, Johnstown was swallowed by a 30
foot wave, the dead eventually counted as 2,200 - more

casualties than the San Francisco earthquake and fire, and
nine times as many as the Chicago fire.  The only disaster in
American History that took more lives was the hurricane of

Galveston, Texas eleven years later.
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The rapid rise of

irrigation

• The federal irrigation movement began in the early
1890’s,

– Most good sites were simply gone

– Pioneers had successfully ventured into Oregon,

Washington and California,

– Homesteads were already situated on natural streams

– In the 1870’s and 80’s hundreds of irrigation

companies ceased to survive after 10 years.

– The 8th National Irrigation Congress of 1898, a

Colorado legislator likened the American West to a

graveyard, littered with defunct irrigation corporations.
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Theodore Roosevelt

• Returned from the west convinced that “vast areas
of public land which can be made available
for…..settlement” but he added “by building
reservoirs and main-line canals impractical for
private enterprise.”

• The American West quietly became the first modern
welfare state.

• The Reclamation Act of 1902 was a sharp left turn
in American politics.

• The only way to prevent more cycles of disaster
was to build a civilization based on irrigated
farming.
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The Reclamation
• By June 17, 1902 the Reclamation Act became law.

• The underlying problems were politics and money.
Under the terms of the Reclamation Act, projects
were to be financed by the Reclamation Fund,
which would be filled initially by revenues from the
sale of federal land in the western states and then
paid back gradually through sales of water to
farmers

• (farmers, under the law, were exempted from paying
interest on all repayment obligations, which of
course is an indirect burden on the general taxpayer
which has amounted to a subsidy of ninety cents on
the dollar).
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Rules
• “The engineers who staffed the Reclamation

Service tended to view themselves as a godlike
class performing hydrologic miracles for grateful
simpletons who were content to sit in the desert
and raise fruit.”

• The soil turned out to be demineralized, alkaline,
boron-poisoned; drainage poor that turned land into
swamps; and markets for the crops didn’t exist.

• The Reclamation Act gave everyone up to 160 acres
(a man and wife could jointly own up to 320 acres)

• But all depended on irrigated land.
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The first reform

• A $20 million loan from the Treasury to the bankrupt
Reclamation Fund to keep the program from falling
on its face.

• It was funded in 1910, the same year Section 9, an
ill advised clause that promoted the construction of
new projects where they couldn’t work was
repealed.

• Congress quickly began writing Omnibus
authorization bills, in which bad projects were
thrown in with good ones. The reforms began to
concentrate on making bad projects work - “bailing
them out”
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1924

• The reclamation program changed the repayment period from 20

years to 40 years. What turned out from there was the biggest
problem of 20th century agriculture: huge crop surpluses.

• Production and prices reached record levels during WW1, when
the war ended, production remained high, but crop prices did not.
The value of crops grown on Reclamation land fel from $152

million in 1919 to 83.6 million in 1922 - leaving farmers in default.

• Prices of land pre-project years valued at $5-10 an acre was
suddenly worth fifty times that. By 1927 1/3 of the farmers sold

their land….. To buyers that were usually wealthy speculators
who received tax breaks from Congress. One of those sales were

the Salt River Project in Arizona was all but taken over by
speculators.
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Subsidizing by hydro

• Reclamation is measured not in engineering units

but in homes and agricultural values… The service

regarded itself as an engineering outfit.

• Reforms extended payment period to now fifty years,
setting water prices according to the farmers

“ability to pay, using hydroelectric revenues to

subsidize irrigation costs.
• Herbert Hoover, A Californian and an engineer elected in

1932, free wheeling, free-spending patrician. A period

when a dozen dams were authorized in one single stroke.
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Economics

• Mattered little, if at all.

• If irrigation ventures slid into an ocean of debt, the

huge hydroelectric dams authorized within the same

river basin could generate necessary revenues to
bail them out (or so was thought)

• The first and most fateful transformation was in the

most arid and hostile quarter of the American West,

huge desert basin transected by one comparatively

miniature river:  The Colorado.
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Photo show
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Salt deposits cover ruined farmlands
 in San Joaquin Valley, California
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George Gillette, chairman of Fort Berthold Indian
 Tribe, weeps As Sec. Of Int signs a contract
 that the tribe sells 155,000 acres
For the Garrison Dam and Reservoir Project 1948.
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50 years - Granite Reef Aqueduct Of the Central
Az. Project; is the one Thing that Arizonians
think that can save them. That is until all 7 states
Begin demanding their share of the
Colorado River.
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Glen Canyon Dam spillway
Jumbo jet size
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Wind Gap Pumps, Feather River Consumes 
electrical output Of a nuclear power plant, 
Between Los Angeles and disaster
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Mono Lake, California slowly dying
After water being diverted and piped
To California, 300 miles away.
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Aqueduct across Mojave Desert to 
California
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Architectural wonder of the world dams
Hoover Dam


