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39th class meeting

Environmental Biology (ECOL 206)
University of Arizona, spring 2007

Kevin Bonine, Ph.D.
Anna Tyler, Graduate TA

READINGS 
Wednesday 18 April: 

Water:
Postel 2001; EPA website; 3Gorges: 
http://news.bbc.co.uk/2/hi/asia-pacific/5000092.stm

Friday 20 April: Earth Day or Video

Lab 18/20 April: meet at van s-side BSE
Thank Robichaux, Mangin, Delgado

http://eebweb.arizona.edu/courses/Ecol206/206_Page2007.html

Women in the Philippines vie for a place in Miss 
Earth - an international beauty pageant aiming to 
raise awareness of environmental issues. 

2

Tuna
Dolphin-set nets

Trawling

Bycatch
Vaquita

Shrimp/Fish Farms

Community Solutions

Shifting Baselines

Acidification
Mercury
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Elephants spray water on motorcyclists during a festival to mark Songkran, or 
Thai New Year, which falls on 13 April. 

WATER
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WATER (Ch9)

-Organisms made of water

-Hydrogen Bonds
Surface Tension

-Broad temp range as liquid

-High Specific Heat

-Energy of phase changes

-Universal Solvent

-Expands when freezes (less dense)

71% planet surface
(97.4% ocean)

2.6% fresh
-ice caps and glaciers (1.98%)
-0.014% accessible

lakes, soil, atmosphere
biota, rivers

100 liters vs. 2.5 teaspoons (14ml)
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Reservoirs of Water on Earth

Reservoir       Volume (106 km3)       Percent of Total           Residence T

Oceans 1350 97.3 103 -104 yr

Glaciers 29 2.1 101 -103 yr

Aquifers 8 0.6 2 wks-104 yr

Lakes 0.1 0.01 10 yr

Soil Moisture 0.1 0.01 52 days

Atmosphere 0.013 0.001 10 days

Rivers 0.002 0.0002 2 wks

Biosphere 0.001 0.0001 6 days
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Aquatic and Marine Environments

A.  Salinity

B.  Layers:
1. Temperature
2. Sunlight
3. Dissolved O2
4. Nutrients

- carbon
- nitrogen (nitrate)
- phosporus (phosphate)
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Marine Environments

71% earth’s surface is ocean

coastal vs. open sea

10% area, 90% species
high NPP

- nutrients
- sunlight

1. Estuaries
2. Coastal Wetlands

- mangroves
- salt marshes

3. Coral Reefs

- Role of sunlight
- Not very productive per unit area
- Lots total NPP
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Miller, 2003

Marine Environments
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Coastal
Pollution

=12-23; Miller, 2003 (other)
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Bottle caps and other plastic objects are visible inside the decomposed carcass of 
this Laysan albatross on Kure Atoll, which lies in a remote and virtually 
uninhabited region of the North Pacific. The bird probably mistook the plastics for 
food and ingested them while foraging for prey.

http://www.mindfully.org/Plastic/Ocean/Moore-Trashed-PacificNov03.htm
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The Algalita Marine Research Foundation’s investigation of plastic in 
the North Pacific Central Gyre of the Pacific Ocean showed that
the mass of plastic pieces was six times greater than 
zooplankton floating on the water’s surface. This study is one of 
many that demonstrate that our oceans have become the virtual 
garbage can for the developed and developing world.(1)

(1) C.J. Moore, S.L. Moore, M.K. Leecaster, and S.B. 
Weisberg, A Comparison of Plastic and Plankton in the North 
Pacific Central Gyre, Marine Pollution Bulletin, 13 February 
2004.

Manatee flipper and monofilament

Whiting and condom

The trash was found in a patch of ocean 
called the North Pacific Gyre where the 
currents can trap floating debris for years.
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Chesapeake Bay

=12-24; Miller, 2003 (other)

http://www.cbf.org/site/PageServer?pagename=cbf_homepage
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Oxygen Depletion
Gulf of Mexico

‘Dead Zone’

Miller, 2003 (other)
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Oxygen Depletion

=12-19; Miller, 2003 (other)

15
Miller 2005

Marine 
Ecosystem 
Services
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Miller 2005

Marine 
Ecosystem 
Degradation

17

Cyprinodon macularius Quitobaquito pupfish (Endangered since 1986)

This tiny fish was once part of a widespread 
population, the range of which included the 
Colorado, Gila, San Pedro, Salt and Santa Cruz 
rivers and their tributaries in Arizona and California. 
The ancestors of the Quitobaquito and Sonoyta
river pupfish are believed to have been cut off from 
their relatives in the Colorado River drainage about 
one million years ago.

The warm, slightly brackish water at Quitobaquito
is ideal habitat for pupfish. Pupfish can tolerate 
salinity levels ranging from normal tap water to 
water three times saltier than the ocean. Therefore, 
they are well suited to desert environments where 
high evaporation rates create water with high 
salinity levels. 

Although the water temperature at the spring is a 
constant 74°F, the water temperature in the pond 
fluctuates greatly during the year, from about 40°F 
or cooler in January to almost 100°F in August, 
especially in shallow areas... very tolerant of rapid 
temperature change and low oxygen content due to 
summer heat.

Desert Pupfish
Family Cyprinodontidae

Photograph Courtesy of John Rinne

-1-1/4 inches long
max. age of three years

-females are gray and drab
males are bluish, turning bright blue
during spring breeding season. 

-feed on insect larvae and other 
organic matter from pond bottom. 

-prefer shallow pond depths, about
12 to 18 inches deep. 18

Cyprinodon macularius

Desert Pupfish 

Photograph Courtesy of John Rinne

Desert pupfish declined 
due to the introduction and 
spread of 
exotic predatory and 
competitive fishes, water 
impoundment and 
diversion, 
water pollution, 
groundwater pumping, 
stream channelization, and 
habitat modification.

Healthy population of almost 
10,000 fish inhabits this 
oasis. This last refuge of a 
unique fish is being actively 
managed.
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Aquatic Environments

Only 1% earth’s surface:

1. Lakes

2. Streams

3. Rivers

4. Inland Wetlands

nutrients, clarity, NPP
- oligotrophic
- eutrophic

- Watershed
- Runoff
- Erosion

Marshes, swamps, floodplains
20

Fig 3-18, Miller, 2003

Aquatic Environments

- oligotrophic

- eutrophic

21
Miller 2005

Freshwater 
Ecosystem Services
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Ecological Services (e.g., rivers)

=12-11; Miller, 2003 (other)

Lessons from New Orleans?

23

What did the fish say when it ran into a concrete wall?

Dam!

Why build dams?
Why might dams be 

environmentally harmful?

Hoover Dam, Colorado River (Lake Mead)

24

Glen Canyon Dam, Colorado River, Lake Powell
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Three 
Gorges 

Dam

BBC News 26

When its 26 turbines become operational in 2009, the dam 
will have a capacity of more than 18,000 megawatts. 
Already the world's second-largest consumer of oil, China 
says it needs alternative energy sources to combat 
widespread power shortages and keep its booming economy 
powering along. 

Three 
Gorges 

Dam
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Channelization and Floods

Rillito at First Ave. 1983 
(Pete Kresan)

Santa Cruz at St. Mary’s 
1983 (Pete Kresan)
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Channelization and Floods

30

EPA Report 2000
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EPA Report 2000
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EPA Report 2000

+ 8% threatened
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Water Requirements

Miller 2003

34

Water Ch 9

Water Use

Miller 2003

We’re #1!
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Groundwater and Aquifers

36
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Watersheds

National Geographic 1993

-Pacific
-Great Basin
-Gulf of Mexico
-Atlantic
-HudsonBay
-Arctic
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Tucson Watershed (Tucson Basin 1,700 sq. miles = 1 million acres)
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Watershed Management

=12-10; Miller, 2003 (other)
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=12-6; Miller, 2003 (other)

Who has water?
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Water Use

Subsidence

=12-13; Miller, 2003 (other)
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Stress on water basins

44

Ogallala Aquifer
(being depleted)

=p.280; Miller, 2003 (other)

Irrigation
Cattle Industry

~Nonrenewable
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Saltwater Intrusion

=12-14; Miller, 2003 (other)
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Moving Water

=12-12; Miller, 2003 (other)

47

National Geographic 1993

48

National Geographic 1993
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Central Arizona Project

51

=p279; Miller, 2003 (other)

Water Use Example

Aral Sea

52

=12-8; Miller, 2003 (other)

Water Wars?
(Religion, Ethnicity, Oil)

Egypt and Sudan
Syria and Palestine/Israel
Turkey

53

Water Sustainability

=12-29; Miller, 2003 (other) 54

Water Efficiency

Miller 2003
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Graywater

57

Irrigation

=12-16; Miller, 2003 (other) 58

Irrigation

=12-15; Miller, 2003 (other)

59Point/Nonpoint 60

Point vs. Nonpoint
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61
=p.292; Miller, 2003 (other)

Arsenic

CANCER
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Ground Water
Pollution

=12-22; Miller, 2003 (other)
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=Table 19-1; Miller, 2003 (other)
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Great Lakes Basin
Pollution

Miller, 2003 (other)
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http://www.foxriverwatch.com/index.html

PCBs
Dioxins
Etc.

"polychlorinated biphenyls" 

66
AZDStar 28 March 2004
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Factory Farms and Water Pollution

68

Factory Farms and Water Pollution

69

Threats to human health
... The stench can be unbearable, but worse still, the 
gases contain many harmful chemicals. For instance, 
one gas released by the lagoons, hydrogen sulfide, is 
dangerous even at low levels. Its effects -- which are 
irreversible -- range from sore throat to seizures, comas 
and even death. Other health effects associated with 
the gases from factory farms include headaches, 
shortness of breath, wheezing, excessive coughing and 
diarrhea. 
Animal waste also contaminates drinking water 
supplies. For example, nitrates often seep from lagoons 
and sprayfields into groundwater. Drinking water 
contaminated with nitrates can increase the risk of blue 
baby syndrome, which can cause deaths in infants. 
High levels of nitrates in drinking water near hog 
factories have also been linked to spontaneous 
abortions. Several disease outbreaks related to drinking 
water have been traced to bacteria and viruses from 
waste.
The widespread use of antibiotics also poses dangers. 
Large-scale animal factories often give animals 
antibiotics to promote growth, or to compensate for 
illness resulting from crowded conditions. These 
antibiotics are entering the environment and the food 
chain, contributing to the rise of antibiotic-resistant 
bacteria and making it harder to treat human diseases.

Threats to the natural environment
The natural environment also suffers in many 
ways from factory-farming practices. Sometimes 
the damage is sudden and catastrophic, as when 
a ruptured lagoon causes a massive fish kill. At 
other times, it is cumulative -- for example, when 
manure is repeatedly overapplied, it runs off the 
land and accumulates as nutrient pollution in 
waterways.
Either way, the effects are severe. For instance, 
water quality across the country is threatened by 
phosphorus and nitrogen, two nutrients present in 
animal wastes. In excessive amounts, nutrients 
often cause an explosion of algae that robs water 
of oxygen, killing aquatic life. One such algae 
type, Pfiesteria piscicida, has been implicated in 
the death of more than one billion fish in coastal 
waters in North Carolina.
Manure can also contain traces of salt and heavy 
metals, which can end up in bodies of water and 
accumulate in the sediment, concentrating as 
they move up the food chain. And lagoons not 
only pollute groundwater; they also deplete it. 
Many factory farms use groundwater for cleaning, 
cooling and providing drinking water.


