•

Natural and ar*ﬁcial wetlands can
cleanse wastewater
• A2er primary treatment at a
conven*onal facility, wastewater is
pumped into the wetland
• Microbes decompose the remaining
pollutants
• Cleansed water is released into
waterways or percolated
underground

•

Constructed wetlands serve as havens for
wildlife and areas for human recrea*on
• More than 500 ar*ﬁcially constructed
or restored wetlands exist in the U.S.

• Oceans cover 71% of Earth’s surface and contain 97% of
Earth’s surface water
• Inﬂuence global climate, high biodiversity, facilitate
transporta*on and commerce, and provide resources
• Ocean water is 96.5% water, plus ions of dissolved salts
• Evapora*on removes pure water, leaving salt behind
• Surface water is warmer than subsurface water
• Warmed by sun, and is less dense
• Deeper water is dense, sluggish
• Unaﬀected by winds, storms, sunlight, and temperature

• Currents: vast riverlike ﬂows in the upper 400 m
• Driven by wind, density diﬀerences, gravity, hea*ng, and
cooling
• Inﬂuence global climate and El Niño and La Niña

• Upwelling: the vertical flow of cold, deep water toward the
surface
- High primary productivity and lucrative fisheries
• Downwelling: oxygen-rich water sinks, providing oxygen for
deep-water life

Seafloor topography is complex, with
volcanoes, canyons, and mountains.

• Some zones support more life
than others
• Pho+c zone: well‐lighted top layer
that supports high primary
produc*vity
• Warm, shallow waters of
con*nental shelves
• Pelagic: habitats and ecosystems
occurring between the ocean’s
surface and ﬂoor
• Benthic: habitats and ecosystems
occurring on the ocean ﬂoor

• Photosynthe*c produc*vity
• Occurs in surface waters near
upwellings
• Microscopic phytoplankton
• Cons*tute the base of the marine
food chain
• These organisms feed zooplankton
• Which then feeds ﬁsh, jellyﬁsh,
whales, etc
• Predators at higher trophic levels
• Include larger ﬁsh, sea turtles,
sharks, and ﬁsh‐ea*ng birds

• Deep ocean animals adapt
• To extreme water pressure and
absence of light
• Scavenge carcasses or organic
detritus
• Some are predators
• Others mutualis*c with bacteria
Hydrothermal vents

•

•

Heated water carrying minerals
spurts from the seaﬂoor
•

•

Support tubeworms, shrimp, and
other species

Kelp
• Large brown algae
• Growing on ﬂoor of con*nental shelves
• Dense strands
• Form kelp forests up to 60 m (200 2) tall along temperate coasts
• Shelter and food for organisms
• Absorbs wave energy and protects shorelines from erosion
• Alginates serve as thickeners in cosme*cs, paints, paper, and soaps

•

Corals
• Tiny marine organisms
• Shallow subtropical and tropical
waters
• Abach to rock or exis*ng reef
• Capture passing food with s*nging
tentacles
• Derive nourishment from symbio*c
algae, zooxanthallae

•

Coral reef
• Mass of calcium carbonate
• Composed of the skeletons of
millions of densely packed corals
• Protects shorelines by absorbing
waves
• Staggering biodiversity

• Inter+dal (li:oral) zones
• Where the ocean meets the land
• Between the farthest reaches of
the high and low *des
• Tides
• Periodic rising and falling of the
ocean’s height
• Due to the gravita*onal pull
of the sun and moon
• Inter*dal organisms spend part
of their *me submerged in water
• and part of their *me
exposed to sun and wind

Anemones, mussels,
urchins, limpets, seastars,
and crabs abound.

• Salt marsh: occur along coasts at temperate la*tude
• Tides wash over gently sloping, sandy, silty
substrates
• High primary produc*vity
• Cri*cal habitat for birds and commercial ﬁsh and
shellﬁsh species

• Mangroves: sandy coasts in tropical and subtropical la*tudes
• Tree roots curve up for oxygen
• and down for support
• Nurseries for ﬁsh and shellﬁsh
• Nes*ng areas for birds
• Protect coastlines
• Estuaries: where rivers ﬂow into the ocean
• Mixing fresh water with salt water
• Cri*cal habitat for shorebirds and shellﬁsh
• Fish spawn in freshwater
• Mature in salt water

•

All coastal and nearshore ecosystems are
impacted by humans
• 67% of humans
• Live within 160 km (100 mi) of the ocean

•

Estuaries, salt marshes, mangroves, and coral
reefs
• Urban and coastal development
• Water pollu*on
• Habitat altera*on, overﬁshing

•

Coral bleaching
• Zooxanthellae leave corals
• Depriving them of nutri*on
• Caused by
• Warmer water from climate change,
pollu*on, eutrophica*on, acidiﬁed
seawater

•

Oceans provide
• Transporta*on routes, energy, and
minerals
• Moving people and products over
vast distances
• 25% of our crude oil and natural gas
• Methane hydrate: a poten*al energy
source
• Sand, gravel, copper, manganese nodules

•

Up to the mid‐20th century,
• Coastal U.S. ci*es dumped trash and
untreated sewage along their shores

•

Oil, plas*c, chemicals, excess nutrients

•

Raw sewage and trash from cruise ships

•

Abandoned ﬁshing gear from ﬁshing boats

• Make their way from land into oceans

• Plas*c items dumped into the sea
• Harm or kill wildlife
• Plas*c is non‐biodegradable
• Dri2s for decades
• Washes up on beaches
• Wildlife eat it or get entangled
and die

•

•

Major oil spills make headlines and cause
serious problems
• Most pollu*on comes from small
sources
• Boat leakage, runoﬀ, naturally
occurring seabed leaks
Oil spills:
• Coat and poison wildlife
• Devastate ﬁsheries and local
economies
• Have decreased due to stricter
regula*ons
• U.S. Oil Pollu*on Act of 1990
• Preven*on and clean‐up fund
• All ships must have double
hulls by 2015

• Overharves*ng
• Is the most serious threat to the oceans
• Unprecedented pressure on marine resources
• Half the world’s marine ﬁsh popula*ons are fully
exploited
• 25% of ﬁsh popula*on are overexploited
• Heading to ex*nc*on
• Total ﬁsheries catch leveled oﬀ a2er 1998
• Despite increased ﬁshing eﬀort

•

Today’s commercial ﬁshing ﬂeets are highly industrialized
• Huge vessels that use powerful technologies
• To capture ﬁsh in huge volumes
• Even process and freeze their catches while at sea

•

DriEnets: span large expanses of water to capture passing ﬁsh

•

Longline: extremely long lines with thousands of hooks

•

Trawling: entrails dragging immense nets through the water or on the ocean
ﬂoor

• By‐catch
• Accidental capture of animals
• Dri2negng
• Drowns dolphins, seals, sea
turtles, non‐target ﬁsh
• Longline ﬁshing
• Kills turtles, sharks, and
seabirds
• Bobom‐trawling destroys
communi*es

• Oceans contain
• Only 10% of the large‐bodied animals they once held
• Many ﬁsheries have collapsed
• Ecologically devasta*ng
• With severe economic tolls
• Closing ﬁsheries helps some popula*ons rebound
• The decline of ﬁsheries has been hidden
• Fishing ﬂeets travel longer distances, to deeper water
• Fleets spend more *me ﬁshing and increasing eﬀort
• To catch the same number of ﬁsh
• Improved technologies
• Faster ships, sonar mapping, satellite naviga*on, thermal
sensing

• As ﬁshing increases, the size and age of ﬁsh caught decline
• As species become rare, ﬂeets target other species
• Fleets catch smaller, less desirable species
• Catch species at lower trophic levels
• Consumer choices inﬂuence ﬁshing prac*ces
• Ecolabeled seafood (i.e., “Dolphin‐safe tuna”)
• Non‐proﬁt organiza*ons have devised guides to help consumers

•

Marine protected areas (MPAs)
• Established along the coastlines of
developed countries
• S*ll allow ﬁshing or other extrac*ve
ac*vi*es

•

Marine reserves
• Areas where ﬁshing is prohibited
• Leave ecosystems intact, without human
interference
• Improve ﬁsheries, because young ﬁsh
will disperse into surrounding areas
• Beneﬁts: increased species density,
biomass, size, diversity

•

Many commercial and recrea*on ﬁshers and
businesses do not support reserves

• Maintaining saltwater and freshwater resources will be
an environmental challenge.
• Use of freshwater for drinking, irriga*on, and other
purposes depletes many water sources.
• Overﬁshing imperils ocean ﬁsh stocks.
• Coastal development harms natural systems.
• Pollu*on degrades water quality.
• There is reason for op*mism: water quality is improving
and marine reserves give hope for ecosystem restora*on
and the future of ﬁsheries.

The area of a lake that extends along the en*re
bobom of the water body is called the:
a) Liboral zone
b) Benthic zone
c) Limne*c zone
d) Profundal zone
e) Lacustrine zone

Shallow water that occurs in a forested area is a(n):
a)
b)
c)
d)
e)

Wet lake
Marsh
Swamp
Bog
Eutrophic lake

The major use of water, globally, is:
a)
b)
c)
d)
e)

For developing industries
In agriculture
In households
Exported to rich countries
In industries

Which of the following is NOT a way to reduce
agricultural water demand?
a)
b)
c)
d)
e)

Lining irriga*on canals
Match crops to land and climate
Use low‐pressure irriga*on systems
Install low‐ﬂow faucets in work sta*ons
Selec*ve breeding of crops

Pollu*on is deﬁned as “the release of maber or energy
into the environment that causes ______.”
a)
b)
c)
d)
e)

Undesirable impacts on human health
Undesirable impacts on other organisms
Undesirable impacts on human well‐being
A, b and c are included in the deﬁni*on.
None of these is included in the deﬁni*on.

Which of the following is a toxic chemical water
pollutant?
a)
b)
c)
d)
e)

Pes*cides
Petroleum products
Mercury
Acid rain
All of these are toxic chemicals.

Primary treatment of wastewater includes:
a)
b)
c)
d)
e)

Trea*ng water with chemicals
S*rring and aera*ng water
Degrada*on of wastes by bacteria
Physical removal of contaminants
Diver*ng the water into a stream

A “downwelling” is deﬁned as:
a) The ver*cal ﬂow of cold, deep water toward the
surface
b) The ver*cal ﬂow of cold, shallow water toward the
bobom
c) The ver*cal ﬂow of warm, deep water toward the
bobom
d) The ﬂow of oxygen‐rich water into deep water
e) The ﬂow of oxygen‐rich water into shallow areas

Which of the following is deﬁned as “large brown algae
growing from the ﬂoor of con*nental shelves”?
a)
b)
c)
d)
e)

Kelp forests
Coral reefs
Inter*dal zones
Salt marshes
Mangrove swamps

Coral bleaching occurs when:
a)
b)
c)
d)
e)

Corals reproduce
Fish move into coral reefs
Zooxanthellae leave the coral
Coral reefs expand their range
Fishermen make jewelry from coral

Marine reserves have all the following beneﬁts EXCEPT:
a)
b)
c)
d)
e)

Diversity increases in the reserve
The size of ﬁsh increases
Larvae can “seed” areas outside the reserve
Fish biomass increases
All of these are beneﬁts of marine reserves.

What does this graph show about the future of global
ﬁsheries catch?

a) Total global fisheries catch
has declined significantly.
b) Total global catch has
leveled off.
c) China’s catch has increased
since 2000.
d) The U.S. is mad at the
declining catch.
e) We will find more fish to
catch.

In 2001, the federal government issued orders to
divert irriga*on water downstream to save
endangered ﬁsh. Angry farmers ignored this order,
and instead used this water for their ﬁelds. What
should happen to the farmers?
a) Nothing. They need the water for their crops.
b) They should be ﬁned for breaking the law.
c) They should be paid subsidies so they can
con*nue farming.
d) They should be paid to plant diﬀerent crops
that do not require so much water.

Should ci*es in desert areas such as Las Vegas be allowed
to increase their popula*ons, even though this will require
more water?
a) Yes, it’s not the American way to limit what
ci*es can do.
b) Yes, but the people will have to pay the true
cost of water.
c) Yes, but only if the people are required to use
dras*c conserva*on measures.
d) No, enough is enough, and ci*es in arid
environments simply cannot con*nue growing.

Do you plan to alter your decisions about ea*ng
seafood?
a) Yes, I will be more selec*ve about what I eat.
b) No, I will con*nue to eat the same type and
amount of seafood as always.

