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Chapter 11: Sustaining Biodiversity: Saving Species and Ecosystem Services

Case Study: The Jellyfish Invasion (1 of 2)

Jellyfish blooms

Large swarms of thousands or millions

Numbers of blooms have been rising

Harmful economic effects

Disrupts commercial fishing

Closes beaches

Clogs ship engines

Wipes out coastal fish farms

Blocks power plant cooling water intakes

Case Study: The Jellyfish Invasion (2 of 2)

11.1 Threats to Aquatic Biodiversity

Threats to aquatic species and their ecosystem and economic services

Habitat loss

Invasive species

Pollution

Climate change

Overexploitation

Worsened by human population growth and increased resource use

Aquatic Biodiversity

We have explored less than 5% of the oceans

Greatest marine biodiversity

Coral reefs, estuaries, and deep-ocean floor

Biodiversity is higher near the coast than in the open sea 

Also higher in the bottom region of the ocean than the surface region

Why Should We Care about Aquatic Biodiversity?

Aquatic ecosystems provide economic services

300 million jobs depend on the oceans

Animal protein and essential nutrition

Human Activities Threaten Aquatic Biodiversity (1 of 3)

Oceans are experiencing a “major extinction event”

Coral bleaching

Caused by warmer, more acidic waters

Some sunscreens harm algae that live in coral reefs

One-fifth of mangrove forests have been lost since 1980

Dredging and trawling destroys ocean bottoms.

Dam building and excessive withdrawal of river water threatens freshwater habitats

Human Activities Threaten Aquatic Biodiversity (2 of 3)

Human Activities Threaten Aquatic Biodiversity (3 of 3)

Science Focus 11.1: Ocean Acidification: The Other CO2 Problem (1 of 2)

Oceans have absorbed 25% of human-generated CO2.

CO2 forms carbonic acid when mixed with water.

This also decreases carbonate ions.

Marine animals cannot form shells as quickly.

With enough acidification, shells may dissolve. 

Science Focus 11.1: Ocean Acidification: The Other CO2 Problem (2 of 2)

Harmful Invasive Species (1 of 2)

Invasive species can disrupt and degrade whole ecosystems

Blamed for about two-thirds of all fish extinctions since 1900

Ships take in ballast water from one harbor and dump it in another

Introduces invasive species 

Example

Lionfish in the Atlantic

Harmful Invasive Species (2 of 2)

Science Focus 11.2: How Invasive Carp Have Muddied Some Waters (1 of 2)

Common carp were introduced to Lake Wingra in the late 1800s

Eat algae that normally cover the lake bottom

Fish movement and currents increase turbidity

Experimental barrier kept carp away from part of the lake

Turbidity decreased dramatically

Science Focus 11.2: How Invasive Carp Have Muddied Some Waters (2 of 2)

Population Growth and Pollution

80% of all humans live along coasts

Oxygen depleted zones have formed in coastal areas

High levels of plant nutrients from fertilizers

Decomposition of resulting algae bloom robs waters of oxygen

Toxic pollutants and plastics also threaten marine life

Overfishing (1 of 6)

Fishery

Concentration of a particular wild aquatic species suitable for commercial harvesting in a specific area

Trawlers

Destroy ocean bottom habitat

Purse-seine fishing

Can kill dolphins

Overfishing (2 of 6)

Long-lining

Kills large numbers of sea turtles, dolphins, and seabirds

Drift-net fishing

Large bycatch

Overfishing leads to commercial extinction

Recovery times for severely depleted populations increasing

Overfishing (3 of 6)

Populations of large, predatory fish species declining

Rapidly reproducing invasive species such as jellyfish can take over

Fishing for smaller marine species

Converted to fishmeal and fish oil and fed to farmed fish

Reduces food supply for larger fish

Overfishing (4 of 6)

Overfishing (5 of 6)

Overfishing (6 of 6)

Case Study: Why Should We Protect Sharks? (1 of 2)

Certain sharks species are keystone species

Help maintain balance in marine ecosystems

200 million sharks are killed annually

Sharks killed for their fins

25% of the world’s open ocean shark species threatened with extinction

Among least protected animals

Case Study: Why Should We Protect Sharks? (2 of 2)

Case Study: Protecting Whales: A Success Story … So Far (1 of 2)

The United States stopped all commercial whaling in 1970

Banned import of all whale products

Estimate of whales killed commercially dropped from 42,500 in 1970 to about 2,000 in 2014

Most whaling today done by Japan, Norway, and Iceland

Case Study: Protecting Whales: A Success Story … So Far (2 of 2)

Case Study: Threatened Sea Turtles (1 of 3)

Sea turtle numbers are down by 95% due to:

Trawler fishing

Hunting

Becoming entangled in fishing nets

Beach traffic and artificial lights

Pollution

Extinction of Aquatic Species Is a Growing Threat (1 of 2)

Extinction of Aquatic Species Is a Growing Threat (2 of 2)

11.2 Protecting and Sustaining Marine Biodiversity

Ways to help sustain marine biodiversity

Using laws and economic incentives to protect species

Setting aside marine reserves to protect ecosystems and ecosystem services

Using community-based integrated coastal management

Protecting Marine Species with Laws and Treaties (1 of 2)

Human ecological footprint and fishprint are expanding rapidly

Much of the damage in the ocean is not visible to most people

Oceans are incorrectly viewed as an inexhaustible resource

Most of the world’s ocean area lies outside the legal jurisdiction of any country

Protecting Marine Species with Laws and Treaties (2 of 2)

Examples of laws

1975 Convention on International Trade in Endangered Species (CITES)

1979 Global Treaty on Migratory Species

U.S. Marine Mammal Protection Act of 1972

U.S. Whale Conservation and Protection Act of 1976

1984 United Nations Law of the Sea Treaty 

1995 International Convention on Biological Diversity

Establishing Marine Sanctuaries

Offshore fishing

Exclusive economic zones for countries 

200 nautical miles

High seas governed by treaties that are hard to enforce

Marine protected areas (MPAs) 

Cover 2.8% of the world’s ocean surface

Partially protected from human activities

Establishing Marine Reserves

Marine reserves

Off-limits to commercial fishing, dredging, mining and waste disposal

Dramatic improvements happen within 2 to 4 years after protection begins

Benefit nearby fisheries as fish move in and out of reserves

Currently 1.2% of the world’s oceans are fully protected

Restoring Marine Biodiversity and Preventing Aquatic Ecosystem Degradation (1 of 2)

Japan’s attempt

Seeding reef with new corals

Problems that cause degradation need to be addressed

Integrated coastal management

Community-based sustainability effort

Develop workable, cost-effective, and adaptable solutions

Restoring Marine Biodiversity and Preventing Aquatic Ecosystem Degradation (2 of 2)

11.3 Managing and Sustaining Marine Fisheries

Requirements for sustaining marine fisheries

Improved monitoring of fish and shellfish populations

Cooperative fisheries management among communities and nations

Reduction of fishing subsidies

Careful consumer choices in buying seafood

Estimating and Monitoring Fishery Populations (1 of 2)

Maximum sustained yield (MSY)

Traditional approach

Projects maximum annual harvest without causing population drop

Optimum sustained yield (OSY)

Attempts to account for interactions among species

Multispecies management

Competitor and predator–prey interactions

Estimating and Monitoring Fishery Populations (2 of 2)

Large marine systems

Using large complex computer models

Precautionary principle

Sharply reducing fish harvests

Closing overfished areas until they recover

Regulating Fish Harvests

Community management of the fisheries

Each fisher gets a share of total catch

Co-management of the fisheries with the government

Government sets quotas for species and divides the quotas among communities

Limits fishing seasons

Regulates fishing gear 

Government Subsidies Can Encourage Overfishing

Governments spend over $35 billion per year subsidizing fishing

Often leads to overfishing

Discourages long-term sustainability of fish populations

Choosing Sustainably Produced Seafood (1 of 2)

Label sustainably caught and raised fish and frozen fish and seafood

1999–Marine Stewardship Council (MSC)

Certifies sustainably produced seafood

Certify and label products of sustainable aquaculture

Choose plant-eating species of fish

Tilapia, catfish, and carp

Choosing Sustainably Produced Seafood (2 of 2)

Activity Slide: Debrief—Seafood Watch

The Seafood Watch program is sponsored by the Monterey Bay Aquarium

Easy way for consumers to look up a type of seafood to see if is sustainably harvested.

https://www.seafoodwatch.org/

Look up the last seafood dish you had. Was it sustainably harvested? Why should we be concerned if it was?

11.4 Protecting and Sustaining Wetlands

Methods to maintain the ecosystem and economic services of wetlands

Protect remaining wetlands

Restore degraded wetlands

Coastal and Inland Wetlands Are Disappearing (1 of 2)

Ecosystem services of coastal wetlands

Feeding downstream rivers

Reducing flooding

Reducing storm damage

Recharging groundwater supplies

Reducing pollution

Preventing erosion

Providing fish and wildlife habitat

Coastal and Inland Wetlands Are Disappearing (2 of 2)

People have drained, filled in, and covered wetlands

The United States has lost more than half of its coastal and inland wetlands since 1900

Louisiana losing wetlands due to sinking of coastal land

Sediments that replenish the delta do not make it to the Gulf of Mexico due to dams

Preserving and Restoring Wetlands (1 of 2)

Laws for protection

Zoning laws steer development away from wetlands

In the United States, a federal permit is required to fill wetlands greater than three acres

Mitigation banking

Can destroy wetland if one is created of equal area

Most newly created wetlands do not provide the same ecosystem services

Preserving and Restoring Wetlands (2 of 2)

Science Focus 11.4: The Ecological Importance of Beavers (1 of 2)

Beavers are nature’s engineers

Cut down trees

Build dams

Create pond habitats

Keystone species

Increase biodiversity

Reduce erosion

Allow sediments to settle, increasing aquatic nutrients

Science Focus 11.4: The Ecological Importance of Beavers (2 of 2)

Case Study: Can We Restore the Florida Everglades? (1 of 3)

Damage in the 20th century

Drained 

Diverted

Paved over

Nutrient pollution from agriculture

Invasive plant species

1947: Everglades National Park was an unsuccessful protection project

Case Study: Can We Restore the Florida Everglades? (2 of 3)

1990: Comprehensive Everglades Restoration Plan (CERP)

Restore curving flow of half of the Kissimmee River

Remove canals/levees in strategic locations

Flood farmland to create artificial marshes

Create 18 reservoirs to create water supply for lower Everglades and humans

Recapture Everglades water flowing to sea and return it to Everglades

2019: Raising of a major highway will reconnect areas of the Everglades

Case Study: Can We Restore the Florida Everglades? (3 of 3)

11.5 Protecting and Sustaining Freshwater Lakes, Rivers, and Fisheries

Freshwater ecosystems are strongly affected by human activities on adjacent lands

Protection must include protection of their watersheds

Freshwater Ecosystems Are in Jeopardy

40% of freshwater fish species in North America vulnerable, threatened, or endangered

Many freshwater wetlands destroyed

Invasive species

Many freshwater stocks are overharvested 

Human population pressures

Case Study: Can the Great Lakes Survive Repeated Invasions by Alien Species? (1 of 3)

Great Lakes: collectively, the world’s largest body of freshwater

Invaded by at least 180 nonnative species

Sea lamprey

Zebra mussel

Quagga mussel

Asian carp

No natural predators

Case Study: Can the Great Lakes Survive Repeated Invasions by Alien Species? (2 of 3)

Case Study: Can the Great Lakes Survive Repeated Invasions by Alien Species? (3 of 3)

Activity Slide: Video

This is an episode of the series Silent Invaders by the North American Fishing Club about zebra mussels in the Great Lakes.

https://www.youtube.com/watch?v=abImqGDzXBo

Managing River Basins (1 of 2)

Columbia River—the United States and Canada

119 dams

Dams

Provide hydroelectric power

Provide water for major urban areas

Wild Pacific salmon population dropped by 94%

Managing River Basins (2 of 2)

Protecting Watersheds

Freshwater ecosystems protected through

Laws

Economic incentives

Restoration efforts

Wild rivers and scenic rivers

1968 National Wild and Scenic Rivers Act

Keeps 3% of the U.S. rivers free-flowing

Protecting Freshwater Fisheries

Sustainable management

Support populations of commercial and sport fish species

Prevent overfishing

Reduce or eliminate invasive species

Approaches

Regulate time and length of fishing seasons

Build reservoirs and stock with fish

Prevent large inputs of plant nutrients

11.6 Priorities for Sustaining Aquatic Biodiversity

Sustaining the world’s aquatic biodiversity requires

Mapping it

Protecting aquatic hotspots

Creating large and fully protected marine reserves

Protecting freshwater ecosystems

Restoring degraded coastal and inland wetlands

Ecosystem Approach to Sustain Aquatic Biodiversity and Ecosystem Services (1 of 2)

Proposed priorities

Map and inventory the world’s aquatic biodiversity

Identify and preserve aquatic diversity hotspots

Create large and fully protected marine reserves

Protect and restore the world’s lakes and rivers

Ecosystem Approach to Sustain Aquatic Biodiversity and Ecosystem Services (2 of 2)

Proposed priorities

Ecological restoration projects worldwide

Make conservation financially rewarding

Big Ideas (1 of 2)

The world’s aquatic systems provide important economic and ecosystem services

Scientific investigation of these poorly understood ecosystems could lead to immense ecological and economic benefits

Aquatic ecosystems and fisheries are being severely degraded by human activities that lead to aquatic habitat disruption and loss of biodiversity

Big Ideas (2 of 2)

We can sustain aquatic biodiversity

Establish protected sanctuaries

Manage coastal development

Reduce water pollution

Prevent overfishing

Tying It All Together: Invading Jellyfish and Aquatic Sustainability

Jellyfish populations exploding

When areas of the oceans left undisturbed:

Marine ecosystems tend to recover natural functions

Ecosystem approach: best approach to sustaining freshwater biodiversity

Reduce inputs of sediments and excess nutrients
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