This lecture will help you understand:

· The marine environment

· Marine ecosystems

· Uses of marine resources

· Human impacts on marine environments

· The state of ocean fisheries

· Marine protected areas and reserves

Central Case: Seeding the Seas with Marine Reserves

· Human impact was taking a toll on the Florida Keys—its beautiful coral reefs, mangroves, and fish populations.

· A marine sanctuary was established to protect the area.

· Some residents opposed the reserves, which restrict fishing, but now these seem to be increasing fish populations. 




The Florida Keys

Oceanography

· The study of the physics, chemistry, geology, and biology of the oceans

· Oceans cover 71% of Earth’s surface.

· Oceans contain 97.2% of the planet’s surface water.

The one world ocean

The world’s oceans are connected in one vast water body.

Ocean water composition

· 96.5% water

· 3.0% sodium and chloride ions (table salt, Na+ and Cl–)

· 0.5% other salts

Vertical structure: Temperature

· Water temperatures drop steeply in the first 1,000 meters of ocean water.

· Tropical waters, warmer at the surface, show the steepest drop.

Vertical structure: Temperature

Water density varies with depth and latitude.

Ocean currents

· Currents = vast river-like flows in the surface waters of the ocean

· Driven by density differences, sunlight, wind

· Can be cool or warm

· Vary in size and speed

· Influence climate

Major surface currents of the world’s oceans

Vertical movement of ocean water

Ocean water can move up or down due to wind, heating, or density differences.

Upwelling = cold deep water comes to surface

· 
Occurs where currents diverge

· 
Brings nutrients to surface; promotes fisheries

Downwelling = warm surface water moves downward

· 
Occurs where currents converge

· 
Brings dissolved oxygen to deep-water life

Upwelling

Water along the California coast moves away from shore, allowing upwelling that nourishes biodiversity in surface waters.
Topography

· The seafloor is rugged and complex.

· The world’s deepest canyons, highest mountains, and longest mountain chains are under the ocean.
Bathymetry

Underwater topography reveals several major features:
· Gently sloping continental shelves underlie shallow waters around continents.

· The shelves drop off suddenly at the shelf-slope break. 

· The continental slope connects the shelf to the deep ocean basin below.

· The ocean’s primary productivity occurs in its top layer, the photic zone.
Bathymetry

Marine ecosystems: Open ocean

Surface waters of the pelagic zone are variable in their biology. Many areas are scarce in life, but areas like nutrient-rich upwellings teem with life.  Plankton (photo) are the base of the food chain.

Marine ecosystems: Deep ocean

Deep waters are devoid of sunlight, so ecosystems cannot rely on plant growth. Animals here (few and far between) scavenge detritus from above, or prey on each other, or have symbiotic microbes that produce food for them.

Marine ecosystems: Kelp forests

Kelp (large brown algae or seaweed) grows up to 60 meters (200 feet) tall from the continental shelves.  It creates “forests” that harbor and feed many other organisms.

Marine ecosystems: Coral reefs

· Corals = tiny invertebrate animals that occur in huge numbers together. As they die, skeletons build coral reefs out of calcium carbonate. Reefs provide habitat, protection, and food for many other animals.

· A coral reef may occur as an extension of a shoreline, along a barrier island paralleling a shoreline, or as an atoll, a ring around a sunken island.

· Coral reefs are a key ecosystem for biodiversity.

Coral

An individual coral polyp living on a reef has stinging tentacles to gather food.  It also houses photosynthetic zooxanthellae, symbiotic creatures that produce food inside specialized cells. Zooxanthellae may leave coral due to pollution or global warming, causing “coral bleaching.”

Marine ecosystems: Coral reefs

Different coral species provide habitat for moray eels and many others.

Marine ecosystems: Intertidal zones

· Intertidal or littoral ecosystems occur along rocky beaches.  Tides cover organisms most of each day, 
and leave them exposed to 
air or bathed in tidepools 
part of the day.

· High biodiversity: Starfish, 
crabs, sea urchins, algae, etc.

· Must endure extreme 
fluctuating conditions

Marine ecosystems: Intertidal zones

Intertidal organisms adapt to certain levels, according to how much wave action and coverage by water they prefer.

Marine ecosystems: Salt marshes

Grassy salt marshes cover intertidal areas with sandy or silty substrate in temperate regions.  Tides flow into and out of channels called tidal creeks.
Marine ecosystems: Mangrove forests

In tropical and subtropical regions, sandy/silty beaches host forests of mangroves, bushy trees adapted to salt water. Many animals find homes among the root networks. These forests are often lost to human development.

Marine ecosystems: Estuaries

· Many salt marshes and mangrove forests occur near estuaries, areas where rivers flow into the ocean and mix fresh with salt water.

· Biologically very productive: fish, birds, invertebrates

Human use of oceans

· Transportation routes:

· Early exploration

· Modern shipping

· Energy and minerals:

· Offshore oil

· Methane hydrate from ocean sediments

· Renewable energy

· Minerals from the ocean floor

Ocean pollution: Debris

· Garbage that litters the ocean doesn’t merely look ugly on beaches.

· Plastic bags, fishing nets, etc., can kill marine life.

· Of 115 marine mammal species, 49 are known to have eaten or become entangled in marine debris.

· 111 of 312 seabird species are known to ingest plastic.

· Plastic debris also harms fishing equipment.

Ocean pollution: Oil

We get much of our petroleum from seafloor deposits drilled from offshore platforms. Some pollution results, but natural seeps in such areas also spurt oil into the ocean.








Oil spills from tankers transporting oil are what grab headlines. Though rare, these can cause damage locally.

Ocean pollution: Oil

Better prevention and response are beginning to reduce oil spilled into the oceans in major tanker spill events.

BUT most oil entering the ocean is runoff coming from numerous minor sources on land. The oil leaking from your car finds its way to the sewer system, rivers, and the ocean.

Ocean pollution: Algal blooms

Excess nutrient runoff (as from fertilizers) can spur out-of-control growth of algae that kill fish and other organisms. These harmful algal blooms are also called red tides because some types color water red.

Emptying the oceans

· As bad as some pollution problems may be, the oceans today suffer most from overfishing.

· Oceans are vulnerable to the “tragedy of the commons.”

· Depletion is not a new problem: For centuries people approached fishing as if “there’s always more fish in the sea.”

· Fishing had already taken a toll on marine ecosystems many decades before ecologists began studying them.

Total global fisheries catch

Although stocks are being depleted, the global catch has increased as new technologies made it easier to find fish.  But the increase has stalled, and many fear a decline if drastic conservation measures are not taken soon.

Taking out the big ones

· Modern industrialized fishing fleets can deplete an area of large predatory fish and sharks at the top of the food chain surprisingly fast.
· Recent analysis of old fishing records revealed: 

· As industrial fishing fleets reached each new part of the ocean, capture rates of large predatory fish were at first high, then crashed within a decade.
· 90% of large species were gone in 10 years, and then numbers stabilized, so…
· Today’s oceans hold just one-tenth the number of large fish they once did.
Taking out the big ones

As fleets reached each new area, capture rates of large predatory fish were at first high (red), then crashed in 10 years.

Collapsing stocks: North Atlantic groundfish

In the North Atlantic off the coast of Canada and New England, the groundfish (cod, haddock, flounder, halibut) fishery collapsed in the 1990s.

Canada: 
Cod stocks down 99% 



Government ordered ban on all cod fishing



Government paid fishermen $50 million 




U.S.:

Three no-fishing areas established after 


collapse



5 years later, most species were rebounding



Scallops 9–14 times larger than before closure



Fishermen line edges of closed areas

Collapsing stocks: North Atlantic groundfish

Fishing down the food chain

· As fishing increases, the size and age of fish caught decline.

· As some species become too rare to fish profitably, fleets target more abundant species, which tend to be smaller and less desirable.

· Because this often entails catching species at lower trophic levels, this has been termed “fishing down the food chain.”

Fishing practices

· Many marine fishing practices are not specifically targeted to the species fishermen want to catch.

· Instead, they catch lots of nontarget species.

· This is the by-catch.

· By-catch accounts for deaths of many thousands of sharks, seals, dolphins, turtles, and birds each year.

Fishing practices

· Driftnetting catches and drowns seals, dolphins, birds, turtles.
· Longline fishing kills seabirds, turtles and sharks.
· Bottom-trawling destroys whole ecosystems. Nets and bars dragged across the bottom flatten benthic structure, devastating habitat for marine organisms.

Traditional fisheries management

· Based on maximum sustainable yield (MSY): Allow maximal harvests of particular populations while keeping fish available for the future.

· Managers regulate catch with limits or restrict the type of gear fishers could use.

· Many marine scientists and managers feel it is time to rethink fisheries management.

· Instead of single-species MSY, we need to manage for entire ecosystems, taking an ecosystem-based approach.
MPAs and marine reserves

· Many marine protected areas (MPAs) have been established—almost 300 in U.S. waters alone.

· But these do not fully protect resources. Plenty of fishing and other activities can go on in MPAs.

· Marine reserves are no-fishing zones where absence of human impact allows fish to live and breed without interference.

· These “no-take” areas should preserve whole ecosystems and increase fish populations for fisheries.
Fishermen have opposed marine reserves

· Understandably, many fishermen reject the idea of no-take zones where fishing is banned.

· Conservationists are trying to convince them that no-take marine reserves HELP fishing by restoring fish populations inside the reserve, allowing young fish to populate areas outside the reserve that CAN be fished.

· They say reserves are a win-win proposition.
Do marine reserves work?

A review of marine reserves showed that within 1–2 years they:


•
Increased density of organisms 91%

•
Increased biomass of organisms 192%

•
Increased size of organisms 31%

•
Increased species diversity 23%

Conclusion

· Oceans cover most of the planet and contain diverse topography and ecosystems.

· As we learn more about oceans, we are intensifying our use of them.

· Setting aside protected areas can maintain natural systems and enhance fisheries.

· Beyond stabilizing fisheries, we can restore previously flourishing ecological systems.

