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Marine & Freshwater Aquatic Life Zones (biomes) 
Freshwater life zones 

• Lakes 
• Rivers and streams 
• Inland wetlands 

Marine life zones (saltwater) 
• Oceans and estuaries 
• Coastlands and shorelines 
• Coral reefs 
• Mangrove forests 

Critical factors that determine the health of aquatic ecosystems and the distribution of organisms 
• Temperature 
• Dissolved oxygen content 
• Availability of food 
• Availability of light and nutrients needed for photosynthesis in the euphotic zone  
• Turbidity 

o Degree of cloudiness in water from dissolved sediments and nutrients. 
o Turbidity inhibits photosynthesis; decreasing ecosystem productivity 
 

 

Part 1- Marine Ecosystems: Biodiversity, Threats, & Conservation  
Aquatic Lifeforms 

• Plankton: free floating 
o Phytoplankton 

• Primary producers for most aquatic food webs 
o Zooplankton 

• Primary and secondary consumers 
• Single-celled to large invertebrates like jellyfish 

o Ultraplankton  
• Tiny photosynthetic bacteria 

• Nekton  
o Strong swimmers: fish, turtles, whales 

• Benthos 
o Bottom dwellers: oysters, sea stars, clams, lobsters, crabs 

• Decomposers 
o Mostly bacteria 

 
Marine Ecosystems: 3-Major Zones 
1. Coastal zone 

• Warm, nutrient rich, shallow 
• Shore to edge of continental shelf 
• Usually high NPP from ample sunlight and 

nutrients 
2. Open sea  

• Pelagic: refers to the open seas or oceans; refers 
to organisms living or growing at or near the 
surface of the ocean, far from land. 

3. Ocean bottom 
 

Three Vertical Lifezones of the Open Sea 
o Euphotic zone 

– Phytoplankton 
– Nutrient levels low 
– Dissolved oxygen levels high 

o Bathyal zone 
– Dimly lit 
– Zooplankton and smaller fishes 

o Abyssal zone 
– Dark and cold 
– High levels of nutrients 
– Little dissolved oxygen 
– Deposit feeders 
– Filter feeders 
– Upwelling brings nutrients to euphotic zone 

Greatest marine biodiversity: coral reefs, estuaries, deep-ocean floor 
Biodiversity is higher: near the coast than in the open sea; bottom region of the ocean than the surface region 
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Important Marine Ecosystems 
 

Estuaries and Coastal Wetlands  
• Where rivers meet the sea & seawater mixes with freshwater  
• Very productive ecosystems: high nutrient levels 
• Includes: river mouths, inlets, bays, sounds, salt marshes, and mangrove forests 
• Important ecological and economic services of estuaries and coastal wetlands 

§ Coastal aquatic systems maintain water quality by filtering 
– pollutants 
– Excess plant nutrients 
– Sediments 

§ Reduce storm damage and coast erosion 
§ Provide food and habitats 

o Salt Marsh 
• Coastal temperate climate; most productive ecosystems; often-found in estuaries. 

o Seagrass Beds 
• Grow underwater in shallow areas 
• Support a variety of marine species 
• Stabilize shorelines 
• Reduce wave impact 

o Mangrove forests 
• Along tropical and subtropical coastlines 
• 69 different tree species that grow in saltwater i.e. salt tolerant 
• Protect coast from erosion 
• Sheltered habitat for fish and shellfish 

 

Shoreline Ecosystems: Rocky Shore & Sandy Shores Ecology 
• Intertidal zone 

o Rocky shores 
o Sandy shores: barrier beaches 
– Living between the tides: Coastal ecosystems where organisms’ adaptations help them deal with daily 

salinity and moisture changes due to high and low tide and subsequent temperature changes. 
 

 

Coral Reefs 
Coral Reefs exist in the warm shallow waters just beyond shoreline; most diverse marine biome. 
Coral Formation 

• Result of mutualistic relationship between polyps and algae; algae provide polyp with food, color and oxygen 
through photosynthesis; algae get a home and some nutrients 

• Formed by massive colonies of polyps that secrete calcium carbonate (CaCO3) around their soft body. When 
polyps die their empty crusts remain as a platform for more reef growth. 

Coral are vulnerable because they grow slowly and are disrupted easily 
Coral reefs harbor incredible biodiversity 

• Marine equivalent of tropical rain forests 
• Habitats for one-fourth of all marine species 

Important ecological and economic services of coral reefs 
• Sequester carbon dioxide i.e. carbon sink 
• Moderate atmospheric temperatures 
• Act as natural barriers protecting coasts from erosion (waves and storm surge) 
• Provide habitats (plus, fish nurseries)  
• Support fishing and tourism businesses 
• Provide jobs and building materials 
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Coral Reefs: Degradation & Decline 
• Coastal development & pollution 

o Urban and industrial waste, sewage, agrochemicals, and oil pollution are poisoning reefs. 
o Erosion caused by construction (both along coasts and inland), mining, logging, and farming is leading to 

increased sediment in rivers. This ends up in the ocean, where it can 'smother' corals by depriving them of 
the light needed to survive. The destruction of mangrove forests, which normally trap large amounts of 
sediment, is exacerbating the problem. 

• Overfishing & destructive fishing practices  
o These include cyanide fishing, blast or dynamite fishing, and bottom trawling.   

• Coral Bleaching: warmer ocean temperatures stress algae; they exit polyps leaving behind a white skeleton of 
calcium carbonate; dead coral. 

• Ocean acidification:  
o Ocean absorbs atmospheric carbon dioxide; reacting with water to produce carbonic acid and excessive 

hydrogen ions that dissolve shells and inhibit formation of calcium carbonate. 
o Decrease in the pH and increase in acidity of the oceans, caused by the uptake of anthropogenic carbon 

dioxide from the atmosphere.  
o Atmospheric carbon dioxide dissolves in ocean water reacting with water to form carbonic acid; carbonic 

acid dissociates to yield bicarbonate ions and hydrogen ions; hydrogen ions then react with calcium 
carbonate of shells and coral skeletons to produce calcium ions and bicarbonate ions.   

o Essentially, free hydrogen ions rip apart calcium carbonate; effectively dissolving and inhibiting the 
formation of shells and coral.  

 

 

Interconnected Terrestrial and Marine Ecosystems 
Ecosystem-based management (EBM)  
• An integrated approach that considers interactions between humans and the environment. The goal of EBM is to 

sustainably manage natural resources and biodiversity by maintaining ecosystem processes, functions and services. 
Ridge-to-Reef Ecosystem Based Management 
• In Fiji, researchers found that declining forest cover is associated with reduced numbers of freshwater fish species 

in rivers and streams.   
• The clearing of forest ecosystems results in heavy soil erosion, and increased sediment loads, in rivers and 

streams.  This coupled with agricultural activity that leads to excessive nutrient loads, from fertilizer, in coastal 
zones results in turbidity and lack of productivity in rivers, streams, sea-grass beds and coral reefs ecosystems. 

 

 

Industrial Fish Harvesting Methods  
• Trawler fishing:  Used to catch bottom dwelling species (benthos)—particularly cod, flounder, shrimp, and 

scallops—dragging a funnel shaped net along the ocean floor; net is weighted down with chains or metal plates.  
Destroys bottom habitat.  Catches non-targeted species, called bycatch that may not survive, even if thrown back.   

 

• Purse-seine fishing:  Used to catch surface-dwelling (pelagic) species—such as tuna, mackerel, anchovies, and 
herring, which tend to feed in schools near the surface—When spotted by a spotter plane the school of fish is 
captured using a large net called a purse-seine.  Bycatch: dolphins, which swim above schools of yellowfin tuna, 
have been killed in large numbers in the eastern tropical Pacific Ocean, due to Purse-seine fishing. 

 

• Long-lining: Fishing vessels put out lines up to 60 miles long, hung with thousands of baited hooks.   The depth of 
the line can be adjusted to catch pelagic fish species such as swordfish, tuna, and sharks or ocean bottom species 
such as halibut and cod.  Bycatch: hook and may kill large numbers of endangered sea turtles, dolphins, and 
seabirds each year.   

 

• Drift-net fishing: Huge nets catch fish, as deep as 50 feet below the surface and up to 40 miles long.  This method 
can lead to overfishing of desired species and may trap and kill large quantities of unwanted species (bycatch), 
along with marine mammals, sea turtles, and seabirds.   

 

• Bycatch problem: Almost ⅓ of the world’s annual fishcatch by weight consists of bycatch species, which are 
mostly thrown overboard dead or dying.  Ban on drift-nets longer than 1.6 miles in international waters by U.N. in 
1992.  However, long-lining, which has similar harmful effects, have not been banned and have largely replaced 
drift-nets; also it’s hard to enforce fishing on the high-seas.   
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Overfishing 
 

Fishery: concentration of a particular wild aquatic species suitable for commercial harvesting in a specific area 
 

 

Fishprint: area of ocean needed to sustain the fish consumption of a person, country, or the world. 
Marine and freshwater fish are threatened with extinction by human activities more than any other group of species. 
 

 

Commercial extinction: species is no longer economically feasible to harvest a species; populations will increase if 
depleted area and fisheries are allowed to recover; recovery times for depleted populations are increasing. 

– Due to industrialized fishing fleets.  Larger species of commercially valuable species—cod, tuna, marlin, 
swordfish, and mackerel—are becoming scarce.   

– As larger fish are overfished, fishing industry is turning to smaller fish—such as herring and sardines—
referred to as stealing the oceans food supply; i.e. removing the prey for larger fish, seabirds, and whales. 

– When removing large predatory species, invasive species can take over and disrupt ocean food chains, such as 
jellyfish. 

– Ninety percent of large, predatory, predatory, open ocean fish have disappeared since 1950.   
The collapse of the Canadian Newfoundland cod fishery 
• In 1992, the collapse of the Newfoundland Grand Banks cod fishery, due to overfishing, put 40,000 people out of 

work. 
• The area once renowned as the world’s most productive fishing grounds, was devastated by years of overfishing 

and incompetent fisheries management.   
• Although a recreational and artisanal fishery now exists on the Grand Banks, with stocks of about 5,500 tonnes, 

the moratorium on commercial cod fishing remains. 
Regulating offshore fishing to avoid “The Tragedy of the Commons” scenario is challenging 
o The United Nations Convention on the Law of the Sea (UNCLOS); a.k.a. Law of the Sea Treaty (c.1970) 

• By international law a country’s offshore fishing zone extends 370 kilometers (230 miles) from it’s shores; 
exclusive economic zones.  

• Areas beyond legal jurisdiction of any country are known as the high seas; governed by treaties that are hard 
to monitor and enforce. 

Managing and Sustaining Marine Fisheries 
Estimating and Monitoring Fishery Populations Is the First Step 

• Maximum sustained yield (MSY): traditional approach 
• Optimum sustained yield (OSY): leaves more room for error; considers ecosystem interaction 
• Multispecies management: consideration of ecosystem interaction, particularly predator-prey interactions 
• Large marine systems: using large complex computer models  

Some Communities Cooperate to Regulate Fish Harvests 
• Community management of the fisheries 
• Co-management of the fisheries with the government 
o Government sets quotas for species and divides the quotas among communities 
o Individual Transferable Quota (ITQ):  A fishery management program in which individual fishers are given a 

total allowable catch of fish in a season that they can either catch or sell.   
o Limits fishing seasons 
o Regulates fishing gear  
Government Subsidies Can Encourage Overfishing 

• Governments spend 30-34 billion dollars per year subsidizing fishing 
• Often leads to overfishing 
• Discourages long-term sustainability of fish population 

Consumer Choices Can Help to Sustain Fisheries and Aquatic Biodiversity 
• Need labels to inform consumers how and where fish was caught 
• 1999: Marine Stewardship Council (MSC) 

– Certifies sustainably produced seafood 
• Proper use of sustainable aquaculture 

– Plant eating fish best -- Tilapia 
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Marine Turtles 
• All 7 species of marine turtles are listed as endangered by CITES and IUCN.   

Þ 1) Green Sea Turtle; 2) Kemp’s Ridley Sea Turtle; 3) Hawksbill Turtle; 4) Leatherback Turtle; 5) Loggerhead 
Turtle; 6) Olive Ridley Sea Turtle; 7) Flatbacks 

• Three of the seven existing species of marine turtle are critically endangered 
 

o Sea turtles are a fundamental link in marine ecosystems. They help maintain the health of sea grass beds and 
coral reefs that benefit commercially valuable species such as shrimp, lobster and tuna.  

o Sea turtles journey between land and sea and swim thousands of ocean miles during their long lifetimes, 
exposing them to countless threats.  

o They wait decades until they can reproduce, returning to the same beaches where they were born to lay their 
eggs, few of which will yield hatchlings that survive their first year of life.  

o Beyond these significant natural challenges, sea turtles face multiple threats caused by humans. 
Human activities pose the largest threats to sea turtles: 

• Entanglement or accidental capture in fishing gear; collisions with boats; drowning in fishing nets 
• Poaching /illegal trade/over-exploitation: slaughtered for their eggs, meat, skin and shells 
• Coastal development/ habitat destruction 
• Ocean pollution: plastic and other marine debris 
• Global warming: altering traditional nesting spots and migration patterns; alters sand temperatures, which then 

affects the sex of hatchlings 
Solutions 
o Fishing boats using turtle excluder devices that allow turtles to escape nets.   
o Communities protecting the turtles during hatching seasons; turn off lights that disorient hatchlings causing them 

to go towards lights instead of the ocean.   
o Also, communities found that eco-tourism can generate three-times as much revenue as poached turtle goods.    
o Conservationists are working with governments to establish marine protected areas; ensuring sea turtles have a 

safe place to nest, feed and migrate freely.   
o Monitor and protect nesting beaches, helping turtles be more resilient to the future impacts of climate change.  
o Work to raise awareness of the importance of shade for nests. 
 

Cetaceans: Whales, Dolphins Porpoises 
• Whales belong to the order cetacea, which includes whales, dolphins and porpoises. 

o Whales are divided into two suborders: baleen and toothed whales.  
o Baleen whales have a comb-like fringe, called a baleen, on the upper jaw, which is used to filter plankton, as 

well as small fish and crustaceans. They are the largest species of whale.  
o Toothed whales have teeth and prey on fish, squid, other whales and marine mammals.  
o They sense their surrounding environment through echolocation. 

• Whaling is one of the biggest threats to whales.  
o Between 1925 and 1975 an estimated 1.5 million whales were killed.   
o This overharvesting drove 8 of 11 major species hunted to commercial extinction by 1975. 
o By the middle of the 20th century, whaling had left many populations severely depleted.  

• 1946:  International Whaling Commission (IWC) established to regulate the whaling industry by setting annual 
quotas for whale species to prevent overharvesting; quotas often ignored by certain countries 

• 1970: The United States Stopped all commercial whaling and banned all imports of whale products 
• 1986: The International Whaling Commission introduced moratorium on commercial whaling, which 

continues to this day.  
o Results: 42,480 whales killed in 1970 & 1,500 killed in 2009 

• Exceptions: Traditional subsistence whaling countries and cultures like Norway, Iceland and Japan and the 
aboriginal communities of Siberia, Alaska and northern Canada to continue their annual whale hunts; some are 
permitting with quotas, some behind the facade of “scientific research”, & others simply disregard the moratorium.   
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Current Threats 
– Several species of small whales are caught as bycatch in fisheries for other species.  
– Exposure to contaminants and pollution also threaten whales.  
– Underwater sonar testing by the navies of various countries leads to whale beachings. Mass whale beachings occur 

in many species, mostly beaked whales that use echolocation systems for deep diving.  
– Whales are also threatened by climate change because higher water temperatures in the Antarctic Ocean are 

reducing populations of krill, a small-shrimp-like crustacean that is the main food source for some whale species. 
 

Vaquita: critically endangered porpoise 
§ The vaquita is the most endangered cetacean in the world 
§ Vaquita, the world’s most rare marine mammal, is on the edge of extinction.  
§ Vaquita are often caught and drowned in gillnets used by illegal fishing operations in marine protected areas 

within Mexico's Gulf of California.  
§ The population has dropped drastically in the last few years. 
 
Legal Protection of Some Endangered and Threatened Marine Species  

• 1975 Convention on International Trade in Endangered Species 
• 1979 Global Treaty on Migratory Species 
• U.S. Marine Mammal Protection Act of 1972 
• U.S. Endangered Species Act of 1973 
• U.S. Whale Conservation and Protection Act of 1976 
• 1995 International Convention on Biological Diversity 

 
 

 

Marine Sanctuaries Protect Ecosystems and Species 
Marine Protected Areas (MPAs) 
• Guidelines written by ICUN & UNEP, but governed by individual countries.  
• MPAs are areas set aside to protect marine ecosystems. MPAs are a tool to conserve species and habitats, maintain 

ecosystem functions and resilience and manage fisheries. Most MPAs allow multiple uses, including fishing. 
Marine Reserves: UNESCO Biosphere Reserves (coastal and high seas) 
Marine reserves: Restrictions must be flexible and account for local needs; No dredging, mining, and waste disposal; 
closed to commercial fishing in some areas, etc. 
UNESCO Biosphere Reserves 
– The core area comprises a strictly protected ecosystem; human activity very limited, no fishing, recreational 

boating etc. 
– The buffer zone surrounds or adjoins the core areas, and is used for activities compatible with sound ecological 

practices that can reinforce scientific research, monitoring, training and education.  Light recreational and 
educational boating, subsistence, non-industrial/commercial fishing.   

– The transition area is the part of the reserve where the greatest activity is allowed; shipping vessels, well-
managed commercial fishing 

 

Integrated Coastal Management  
Community-based approach; balances environmental protection and the development of economic and social factors; 
addresses the land and the sea simultaneously; sustainable development of coastal/marine resources. 
 

Fully protected marine reserves work fast 
• Fish populations double 
• Fish size grows 
• Reproduction triples 
• Species diversity increase by almost ¼ 
• Cover less than 1% of world’s oceans 
• Marine scientists want 30-50% 

Why is it hard to protect marine biodiversity?  
1. Human ecological footprint and fishprint are expanding 
2. Much of the damage in the ocean is not visible 
3. The oceans are incorrectly viewed as an inexhaustible resource 
4. Most of the ocean lies outside the legal jurisdiction of any country 
 

Economic incentives can be used to sustain aquatic biodiversity 
• Tourism: particularly popular for sea turtles & whales; + Economic rewards for protecting aquatic diversity 
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Papahanaumokuakea Marine National Monument (pronounced “Papa-ha-now-moh-koo-ah-kay-ah”)  
• President Obama on August 19th 2016 created the largest ecologically protected area on the planet when he 

expanded a national marine monument in his native Hawaii to encompass more than half a million square miles. 
• All commercial extraction activities, including fishing and future deep-sea mining, will be prohibited in the 

expanded monument area.  
• However, recreational fishing, removal of resources for traditional Hawaiian cultural purposes and scientific 

research will be allowed with a federal permit. 
• Longline fishermen lobbied against any new protections, arguing that their industry rejects damaging practices 

such as trawling and needs flexibility to sustain an annual catch valued at more than $100 million. 
o “We move all over the ocean, in the way the fish move,” said Jim Cook, co-owner of POP Fishing and Marine, 

a Honolulu store, adding that the new restrictions mean 60 percent of federal waters off Hawaii are now closed 
to fishing. 

• It is the planet’s largest seabird gathering site, with more than 14 million birds from 22 species, and is home to 
nearly all Laysan albatrosses and the remaining endangered Hawaiian monk seals. 

 
 

Invasive species  
Lionfish in the Atlantic  
• Invasive species are capable of causing extinctions of native plants and animals, reducing biodiversity, competing 

with native organisms for limited resources, and altering ecosystems. 
• Lionfish are native to the Indo-Pacific, but are now established along the southeast coast of the U.S., the 

Caribbean, and in parts of the Gulf of Mexico. 
• They were likely introduced to the Atlantic Ocean by people that dumped unwanted lionfish from home aquariums 

into the Atlantic Ocean.  
• Since lionfish are not native to Atlantic waters, they have very few predators. They are carnivores that feed on 

small crustaceans and fish, including the young of important commercial fish species such as snapper and grouper. 
• Invasive lionfish populations will continue to grow and cannot be eliminated using conventional methods. Marine 

invaders are nearly impossible to eradicate once established. 
• Lionfish have venomous spines that can be very painful.  
• Scientists are also actively studying these fish to better understand the potential threat that lionfish pose to key reef 

and commercial fish species.  
 
 

Human activity is a major threat to marine ecosystems  
• Climate change/global warming 

o Sea-level rise:  Global warming is melting land-ice that is flowing into sea + thermal expansion of water is 
causing sea levels to rise.  This will swamp harm mangrove forests, seagrass beds, submerge coral reefs, 
drown many highly productive coastal wetlands, and flood low-lying islands; thus aquatic biodiversity is 
threatened.   

o Ocean acidification: Oceans 30% more acidic (inhibits calcium carbonate formation) from increased carbon 
dioxide in atmosphere. 

o Coral Bleaching: Warmer ocean temperatures stress algae; they exit polyps leaving behind a white skeleton of 
calcium carbonate; dead coral. 

• Introduction of invasive species 
• Overfishing: Causing depletion of fish stocks, breakdown of marine ecosystems, and potential species extinctions 
• Destructive fishing practices; i.e. the use of fishing trawlers  
• Pollution 

o Point and nonpoint source pollution 
– Runoff of nitrates and phosphates, mainly from fertilizers, enter water and leads to eutrophication 

o Pollution of coastal wetlands and estuaries 
o Toxic pollutants (e.g. PCB’s) from industrial/urban areas; bioaccumulation/magnification 
o Plastics: cause suffocation, asphyxiation, entanglement, toxic poisoning, fatal intestinal blockage of marine life 

• Habitat destruction à Coastal development à Noise and crowding from humans 
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Part 2- Freshwater Ecosystems (+coastal/estuary): Biodiversity, Threats, & Conservation  
Freshwater Ecosystems 

• Lentic: standing bodies of freshwater: lakes & inland wetlands 
• Lotic: flowing systems of freshwater; rivers and streams 

 

Rivers & Streams  
River and streams carry water from mountains to oceans  

• Surface water: precipitation that does not sink into the ground or evaporate. 
• Surface runoff: water that flows across land surface to rivers and streams.  
• Watershed (drainage basin): the land area that delivers runoff, sediment, and dissolved substances stream.  

Small streams join to form rivers, and rivers flow down hill to the ocean. 
Three zones in the downhill flow of water; i.e. aquatic life zones   

• Source zone: In many areas, streams begin in mountainous or hilly areas, which collect and release water 
falling to the Earth as rain or snow that melts during warm seasons (sometimes water is released from springs).  
Headwaters or highland streams usually shallow, cold, clear, and swiftly flowing; high dissolve oxygen (DO) 
& low NPP; moss, some algae, & trout.   

• Transition zone: Headwaters merge to form wider, deeper, and warmer, streams that flow down gentler slopes.  
They are typically more turbid (from suspended sediment), flowing slower, and have less dissolved oxygen 
than headwater streams.  Warmer water and more nutrients support more plants (producers) and fish with a 
greater range of tolerance for DO levels than headwater species.   

• Floodplain zone: Streams join into wider and deeper rivers that flow across broad, flat valleys.  Higher water 
temperature with lower DO than headwaters and transitional zones.  These slow-moving, wide, and murky 
rivers support large populations of producers from algae and cyanobacteria to well rooted aquatic plants along 
shores in riparian zones: the interface between land and a river or stream; plant habitats and communities 
along the river margins and banks are called riparian vegetation.  Distinctive varieties of fishes such as carp 
and catfish.   

• Delta: An area at the mouth of a river that was built up by deposited sediment.  At a delta a river typically 
spreads out dividing into many channels as it flows to the sea forming coastal wetlands and estuaries.   

 

Major U.S. Watersheds 
– South Platte River Watershed 
– Mississippi River Drainage Basin 
– Columbia River Basin 

 

Freshwater Inland Wetlands 
• Flood protection and erosion control: Wetlands function as natural sponges that trap and slowly release surface 

water, rain, snowmelt, groundwater and floodwaters. Trees and other wetland vegetation also slow the speed of 
flood waters and distributes them more slowly over the floodplain. This combined water storage and braking 
action lowers flood heights and reduces erosion. 

• High biodiversity: Wetlands can be thought of as "biological supermarkets."  The combination of shallow water, 
high levels of nutrients and primary productivity is ideal for the development of organisms that form the base of 
the food web and feed many species of fish, amphibians, shellfish and insects. Many species of birds and mammals 
rely on wetlands for food, water and shelter, especially during migration and breeding. 

• Fish and wildlife habitat: More than one-third of the United States' threatened and endangered species live only in 
wetlands, and nearly half use wetlands at some point in their lives. Many other animals and plants depend on 
wetlands for survival.  Some species of migratory birds are completely dependent on certain wetlands and would 
become extinct if those wetlands were destroyed. 

Provide free ecological and economic services 
• Filter and degrade toxic wastes 
• Reduce flooding and erosion 
• Help to replenish streams and recharge 

groundwater aquifers 

 
• Biodiversity 
• Food and timber 
• Recreation areas 
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Types of Wetlands (Freshwater Inland) 
• Marshes: A type of wetland ecosystem characterized by poorly drained mineral soils and continually inundated 

with water, by plant life dominated by grasses. Often be found at the edges of lakes and streams, where they form 
a transition between the aquatic and terrestrial ecosystems. 
o Prairie potholes: Prairie potholes are depressional wetlands formed from a formerly glaciated landscape 

(primarily freshwater marshes) found most often in the Upper Midwestern U.S. They fill with snowmelt and 
rain in the spring. Some prairie pothole marshes are temporary, while others may be essentially permanent.  

• Swamps: A swamp is any wetland dominated by woody plants. Swamps are characterized by saturated soils 
during the growing season and standing water during certain times of the year. The highly organic soils of swamps 
form a thick, black, nutrient-rich environment for the growth of water-tolerant trees.  Swamps serve vital roles in 
flood protection and nutrient removal.  

• Floodplains wetlands: Low lying areas bordering rivers formed by sediment deposited by rivers and subject to 
seasonal flooding.  As such they contain rich, fertile soils, which support productive marshes and swamps.   
o Floodplain wetland ecosystems harbor are high biodiversity and are vital resting and feeding grounds for 

migratory birds, critical spawning and rearing areas for fish, and food for a diverse array of wildlife.  
o They provide flood protection by holding water that has overflown a river’s banks during and after storms.  
o Floodplains provide space for flood waters to spread and slow, thereby allowing pollutant-laden water to filter 

through the soil.  
o Floodplains allow floodwaters to percolate through the soil and replenish aquifers. 

• Arctic tundra in summer: Although arctic tundra receives low annual precipitation, the water has nowhere to go 
once it hits the permafrost. The soil above the permafrost or bedrock becomes saturated like a wet sponge, though 
it is frozen for much of the year. During the brief warm summer this upper layer thaws and results tundra ponds, 
lakes, bogs, marshes, and river and stream corridor wetlands.  
o Fish and invertebrates move into flooded wetlands near stream courses, where they grow and reproduce.  

Tundra wetland areas are extremely productive during the brief arctic summer.  
o Millions of migratory shorebirds, waterfowl, and other birds are attracted to the rich food sources of tundra 

wetlands for nesting and raising their young.   
o Caribou calve and find summer foods that will allow them to survive the long, lean winter. 
o These ecosystems are being impacted by climate change because the permafrost is melting and the impervious 

layer that prevented the surface water from percolating into the ground is diminishing (melting).   
 

Estuaries and Coastal Wetlands 
• Estuaries are partially enclosed bodies of water formed where rivers meet the sea; fresh river water mixes with 

salt water forming what is known as brackish water.  
o Estuaries and their surrounding wetlands are home to unique plant and animal communities that have adapted 

to brackish water—a mixture of fresh water draining from the land and salty seawater. 
o Estuaries and their surrounding wetlands are home to unique plant and animal communities that have adapted 

to brackish water—a mixture of fresh water draining from the land and salty seawater. 
o Estuaries are among the most productive ecosystems in the world. Many animals rely on estuaries for food, 

places to breed, and migration stopovers. 
o While they are influenced by tides, they are also protected from full force of waves, winds and storms by the 

barrier islands, reefs, etc.  
• Coastal wetlands: Areas where wetland plants inhabit the coastal zone, in either freshwater or saltwater 

environments of the coastal zone.  
o This includes vegetated environments such as salt marshes, fresh marshes, bottomland hardwood swamps, and 

mangrove swamps.  
o In the United States, coastal wetlands extend across nearly 40 million acres and constitute approximately 38% 

of the total wetlands in the conterminous U.S. 
o Highly productive ecosystems  

Estuaries and coastal wetlands provide ecosystem services and functions, such as serving as natural filters for runoff 
and providing nursery grounds for many species of birds, fish, and other animals. 
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Lakes 
Four zones based on depth and distance from shore 

1. Littoral zone 
• Near shore where rooted plants grow 
• High biodiversity 
• Turtles, frogs, crayfish, some fish 

2. Limnetic zone 
• Open, sunlight area away from shore 
• Main photosynthetic zone 
• Some larger fish 

3. Profundal zone 
• Deep water too dark for photosynthesis 
• Low oxygen levels 
• Some fish 

4. Benthic zone 
• Decomposers 
• Detritus feeders 
• Some fish 
• Nourished primarily by dead matter  

 

Eutrophication 
• Excessive nutrient loads (nitrogen & phosphorous) in a 

lake or other body of water, due to runoff from the land;  
• Causes dense growth of algae and plant life;  
• After plant die-offs, decomposing plant matter uses up 

oxygen causing fish death. 
 
Cultural eutrophication 

o Eutrophication from human input of nutrients 
 
Some lakes have more nutrients than others 
 

• Oligotrophic lakes (pristine clear lakes) 
o Low levels of nutrients and low NPP 
o Very clear water; typically mountain lakes 
o Often cold with high dissolved oxygen 

• Eutrophic lakes (very nutrient-rich, problem lakes) 
o High levels of nutrients and high NPP  
o Massive algal blooms; i.e. growth of algae 
o Murky water with high turbidity 

• Mesotrophic lakes (most lakes) 
o “Meso” means middle; therefore, mesotrophic means 

a medium amount of nutrients 
o Clear water with some algal blooms in late summer 

in temperate regions 
  

 

 
Human activities are disrupting and degrading aquatic ecosystems 
Dams, water diversion, channelization, excessive water withdrawal, urbanization, global warming & pollution 
• Impact of dams and canals on rivers: Dams and canals fragment rivers, altering and destroying habitat.  Dams 

reduce the flow of water and canals divert water from rivers for agricultural, municipal, or industrial use.  
Collectively, this reduces the flow of water, sediment, and nutrients to river deltas, estuaries, and coastal wetlands.   

• Impact of flood control levees (a.k.a. dikes) and stream channelization (straightening) along rivers:  
o A levee is typically an earthen wall built along a river to keep high flows within the river and away from the 

land, structures, and communities behind the levee.  
o The levee severs the connection between river and floodplain; disrupting wetland ecosystems discussed above. 
o Stream channelization (straightening) in smaller rivers also leads to river-floodplain disconnection because 

water flows more quickly in channelized streams, leading to downward erosion and incision that leaves the 
stream bed so deep it can no longer overtop its banks and reach the floodplain area. 

o Once a river becomes disconnected from its floodplain wetlands are degraded or destroyed.   
o Levees and channelization forces flood waters into a narrower river channel, making the water flow higher, 

faster and with greater force, which can cause more powerful floods downstream. 
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• Dams, levees, and channelization threaten ecosystem services and productivity estuaries & coastal wetlands  
o Levees designed to reduce flooding in upstream community’s channel water, increasing its speed and reducing 

sediment deposition in deltas.  
o Dams and levees reduce sediments in deltas.  Sediment is deposited behind dam (upstream) rather than in the 

river delta; thus reducing size of river delta.   
o Wetlands buffer storm surge and protect coastal communities from hurricanes: Coastal deltas, mangrove 

forests, and coastal wetlands provide natural protection against storms as soil and vegetation absorb water, 
thus slowing waves. 
§ With the loss of coastal wetland ecosystems and their natural protection, many areas of the world— 

Including New Orleans and Bangladesh—now experience much more severe hurricane impacts due to 
increased storm surge.   

o Global warming, sea level rise, and New Orleans: Sea levels have risen 1-foot since 1900 and are projected to 
rise another 1-3 feet by 2100.  A rise in sea level of this scale would put New Orleans, other areas along 
Louisiana’s coast, as well as many other coastal areas around the world, underwater.   

o Global warming, sea-level rise, and extreme weather: The likely rising of sea levels, and increase in extreme 
weather events, such as hurricanes, due to global warming, adds a sense of urgency to the need for increased 
emphasis on wetland restoration.  

• Impact of pollutants from cities and farms on streams, rivers, lakes:  Excessive plant nutrients (fertilizers; nitrates 
and phosphates) runoff into streams, rivers, and lakes; causes cultural eutrophication: explosions in populations of 
algae and cyanobacteria, which die, sink to the bottom, and decompose, in the process, deplete aquatic ecosystem 
of oxygen; this results in anoxic/hypoxic conditions.  This causes fish die-offs and what are referred to as dead 
zones.  Also, persistent organic compounds bioaccumulate and biomagnify in food chains.  Plus, plastic, oil, etc. 

• Impact of drained wetlands:  Inland wetlands have been drained or filled to grow crops or have been covered with 
concrete, asphalt, and buildings; 80% of wetland loss is attributed to agriculture; the rest is due to mining, logging, 
oil and gas extraction, highway construction, urban development, or to eliminate breeding grounds for insects that 
cause diseases, such as malaria.  Loss of wetlands is a major factor in increase in frequency and severity of floods. 

o Wetlands also sequester large amounts of carbon dioxide 
 

River Basins: Threats, Conservation, & Protection 
Columbia River: U.S. and Canada 
o The Columbia River’s 1,200-mile course to the Pacific Ocean includes parts of 7-states and 1-Canadian province. 
o The river’s 19 hydroelectric dams provide about half the region’s supply of electricity; 

– Support large agricultural irrigation projects in east central Washington, Oregon, and northern Idaho; 
transformed eastern the Cascade rain shadow region into productive farmland; large part of the economy.   

– The Bonneville and Grand Coulee Dams were constructed during WWII and provided the electrical power to 
Seattle and Portland that supported aluminum production and warship construction.    
§ Produced estimated 750 large warships and 10,000 combat airplanes 

o Salmon are migratory fish that hatch in the upper reaches of the streams and rivers that form the headwaters of the 
Columbia River, migrate to the ocean where they spend most of their lives, and then swim upstream to return to 
the place where they were hatched to spawn and die.   

o Dams disrupt their life cycle by interfering with the migration of young fish downstream and blocking the return of 
mature fish attempting to swim upstream to their spawning grounds.   

o Dam and reservoir operations have fundamentally changed the Columbia River’s natural flows. Spring run-off is 
captured behind dams, thereby reducing flows.  

o The river flow is disrupted by series of slow-moving/standing water reservoirs where salmon are increasingly 
exposed predators compared to swiftly flowing river environments. 

o Reduced flows harm the health of the Columbia River estuary by shrinking the size of the river’s freshwater 
plume— an area that hosts a variety of fish and bird species and accommodates the salmon’s gradual adjustment 
to living in saltwater.  

o Since the dams were built, the Columbia River’s wild Pacific salmon population has dropped by 94%.   
o 13 species of salmon and steelhead are listed as threatened or endangered under the Endangered Species Act.  
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o Solutions:  
– Releasing more water from the dams in the spring helps restore healthier flows for salmon and other species.   
– Build fish passage at currently impassable dams; fish ladders and elevators.  
– Remove smaller obsolete dams 

 

National Wild and Scenic Rivers Act (1968) 
• The National Wild and Scenic Rivers System was created by Congress in 1968 to preserve certain rivers 

with outstanding wildlife, geological, scenic, recreational, historical, or cultural values in a free-flowing condition. 
o Wild Rivers: Those rivers or sections of rivers that are free of impoundments and generally inaccessible except 

by trail, with watersheds or shorelines essentially primitive and waters unpolluted.  
o Scenic Rivers: Those rivers or sections of rivers that are free of impoundments, with shorelines or watersheds 

still largely primitive and shorelines largely undeveloped, but accessible in places by roads.  
o Recreational Rivers: Those rivers or sections of rivers that are readily accessible by road or railroad, that may 

have some development along their shorelines, and that may have undergone some impoundment or diversion 
in the past.  

Protection: 
– Rivers are protected from: widening, straightening, dredging, filling, and damming.   
– Protects land along the river — a quarter-mile protective buffer is established along Wild and Scenic 

Rivers flowing through publicly owned lands. 
– Requires a management plan with input from local landowners and other stakeholders 

 
Preserving and Restoring Wetlands 
Laws for protection 
• Zoning is the process of dividing land into zones (e.g. residential, industrial, open space etc.) in which certain land 

uses are permitted or prohibited. 
• Zoning laws can be used to protect wetlands  
• In U.S., need federal permit to fill wetlands greater than 3 acres 
• Many wetlands are protected under Section 404 of the Clean Water Act.  
Mitigation banking 
• The restoration, creation, enhancement, or preservation of a wetland, stream or other habitat area undertaken 

expressly for the purpose of compensating for destroying another.  
• Allows destruction of existing wetlands as long as equal area of the same type is created or restored.  
• Drawbacks: replacement wetlands are not always equal in ecosystem function, biodiversity, etc. as original; 

attempts to find or replace suitable wetlands often fail; projects are not always adequately monitored. 
Wetland restoration 
• Returning a degraded wetland or former wetland to a pre-existing condition or as close to that condition as is 

possible.  This includes: removing polluted soils, removing non-native species, determining appropriate soil and 
water chemistry, topography, hydrology such as water depth and flow rates, identifying and establishing native 
plant, insects, animals communities, building appropriate habitat infrastructure.   

Economic incentives 
• May be in the form of government assistance to landowners that provides technical/logistical help (often 

expensive) and pays financial incentives to protect, maintain, and/or restore wetlands.   
à Conservation Easements à Tax Breaks for Landowners! 

• In developing countries economic incentives may involve providing training or education that provides sources of 
income for communities other than degrading land use practices; often involves ecotourism. 
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Invasive Species Are Degrading Aquatic Biodiversity 
• Threaten native species 
• Disrupt and degrade whole ecosystems 
Examples: 
Asian swamp eel 
– Introduced to waterways of south Florida.  They are a popular ethnic food item and may have been accidentally 

released from a food/fish market or a fish farm.   
– They are generalized predators; this species is a potential threat to native fishes, frogs, and aquatic invertebrates. 
Purple loosestrife 
– A beneficiary of “enemy release”; introduced to Northeastern United States from Europe in the 19th century; In 

native habitat purple loosestrife has all sorts of specialized enemies: black-margined loosestrife beetle, the golden 
loosestrife beetle, the loosestrife weevil, and the loosestrife flower weevil.  

– All of these were absent in N. America when the plant was introduced; thus it has taken over boggy-wetland areas 
from Massachusetts to Washington State.  Some of these natural predators have been introduced to control its 
spread.    

– Alters ecosystem function by changing plant distribution and density; thus altering nesting and other types of 
habitat.  

Carp Have Muddied Some Waters 
Lake Wingra, Wisconsin 
– Invasive species: common carp has altered ecosystem function.  
– Carp devour chara, an algae that covers the bottom of the lake and stabilizes sediment.   
– Consequently, fish movements stir-up these sediments creating excessive turbidity or cloudiness.   
– Dr. Richard Lathrop (Wisconsin DNR); conducted a controlled experiment; partitioned an area of the lake with 

nets and removed carp from this area. 
– In the absence of carp, chara re-established on lake bottom, stabilizing sediment reducing turbidity.   
– With clearer water, light penetrated deeper into lake allowing for the establishment of native bottom dwelling 

plants. 
 

Asian carp  
– Causing trouble in the Mississippi River and surrounding waters. 
– Introduced to the U.S. in the 1970's to control weed and parasite growth in aquatic farms, Asian carp eventually 

managed to get into the Mississippi River and establish breeding populations.  
– Asian carp cause serious damage to the native fish populations in the lakes and rivers that they infest because they 

out-compete other species for food and space.  
– Carp are also thought to lower water quality, which can kill off sensitive organisms like native freshwater mussels. 

Asian carp have been known to dominate entire streams, effectively pushing out the native species. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AP Environmental Science 
 

Chapter 8 & 11 Sustaining Aquatic Biodiversity 
 

	 14	

Can the Great Lakes Survive Repeated Invasions by Alien Species? 
Collectively, world’s largest body of freshwater 
Invaded by at least 162 nonnative species, including: sea lamprey, zebra mussel, quagga mussel 
 

Zebra Mussels 
• Feed by drawing water and filtering out most of the suspended microscopic plants, animals and debris for food.  
• Can lead to increased water clarity and a depleted food supply for other aquatic organisms, including fish.  
• The higher light penetration fosters growth of rooted aquatic plants which, although creating more habitat for small 

fish, may inhibit the larger, predatory fish from finding their food.  
• Zebra mussel infestations may also promote the growth of blue-green algae, since they avoid consuming this type 

of algae but not others. 
• Zebra mussels attach to the shells of native mussels in great masses; smothering them. 
• They attach to almost any exposed aquatic surface and have clogged irrigation pipes, shut down water intake pipes 

for power plants and city water supply. 
• Arrived in the ballast water of ocean going ship (from eastern Europe, likely the Black Sea) that entered the Great 

Lakes through the St. Lawrence Seaway. Ballast water is water carried in ships’ ballast tanks to improve stability 
and balance. It is taken up or discharged when cargo is unloaded or loaded, or when a ship needs extra stability in 
foul weather. 

• When ships take on ballast water, plants and animals that live in the ocean are also picked up. Discharging this 
ballast water releases these organisms into new areas where they can become marine pests. 

• To stop the spread of zebra mussels and other aquatic invaders, The Ballast Water Management Plan has been 
implemented by the International Marine Organization via an international convention (treaty), it is complicated, 
but one method is: ships must exchange ballast water while at sea and the ship should be minimum 200 nautical 
miles from shore with a depth of minimum 200 meters. 

 

Invaders Have Ravaged Lake Victoria 
• Loss of biodiversity, particularly cichlids.  Since 1980, about 200 cichlid species have become extinct and those 

that remain are imperiled.  
• Nile perch: deliberately introduced in the 1950’s to stimulate business of exporting to Eastern  
• Europe and Russia (for food).   
• Nile perch devoured cichlids and decimated populations.  Initially, Nile perch population exploded, however with 

diminished food supplies, and drastic overfishing, the population dropped 81% by 2008.   
• Local forests were depleted to provide fuel for wood-burning smokers, used to preserve fish.    
• Nutrient runoff:  Without the forests to absorb nutrients from surface runoff, nutrient such as nitrogen and 

phosphorus (as well as spills of untreated sewage) flowed into Lake Victoria; i.e. nutrient loading.    
• Algal blooms: Frequent thick blooms of algae led to the death of many fish; i.e. eutrophication and hypoxia. 
• Water hyacinths: This plant was accidentally introduced in the 1980’s and rapidly spread.  It carpeted large areas 

of surface water, blocked sunlight, and deprived fish and plankton of oxygen, and reduced diversity of important 
aquatic species.   
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Important Case Studies  
The Chesapeake Bay—an Estuary in Trouble 
• The Chesapeake Bay is North America's largest estuary.  Six major rivers from six states discharge freshwater into 

the bay.  The Susquehanna River, located on the northern shore of the bay, provides about half of the fresh water 
coming into the bay.  While at the same time, the estuary receives approximately 50 percent of its water from the 
Atlantic Ocean, in the form of salt water.  These conditions, coupled with a very shallow environment, result in a 
low flow environment.  Because the water in the bay does not readily get “flushed out” it has become a pollution 
sink.    

• Population growth:  between 1940 and 2007 the number of people living in the Chesapeake Bay area grew from 
3.7 million to 16.8 million.   

• Urban development:  population growth has led to extensive urban development, which in turn led to 
deforestation, agriculture (including fertilizers), urbanization, pollution, and increased sewage discharge.  

Point and nonpoint source pollution 
• Eutrophication: One serious pollution problem is eutrophication caused by excessive agricultural and residential 

runoff of nitrogen and phosphorus. The increased fertility of the bay's waters has caused prolific algal blooms. 
Algal concentrations in the water column and dense mats of vegetation on the water surface can shade out native 
aquatic plants. The oxygen depletion resulting from the massive algal die-off results in dead zones as decomposing 
algae consume oxygen. 

– The primary sources of nitrogen and phosphorous have been the fertilizers and animal wastes of farmlands 
in the basin.   

– Atmospheric deposition of nitrogen, air pollution mostly from burning of fossil fuels (auto exhaust), has 
been found to be a large source of nitrates.   

• Sedimentation: Runoff of sediment from soil erosion due to clearing of forested areas for urban development as 
well as agriculture has increased turbidity of the bays waters.  This decreases light penetration and disrupts 
photosynthesis in communities rooted aquatic plants such as sea grass beds, important habitat for crabs, oysters 
and young fish.   

• Toxic chemicals: Poisonous chemicals come from several point and nonpoint sources including industrial 
discharges, oil spills, agricultural runoff, urban runoff, and rainfall. Metals such as cadmium, copper, chromium, 
lead, nickel, and zinc are polluting the bay. Toxic substances persist in the environment for many years, 
bioaccumate in organisms and biomagnify up through the food chain. This is exacerbated by the bay’s low 
flushing rate. Much of these toxins settle in the bay's waters to form bottom sediment. Toxic contamination has 
been a prime suspect in the demise of several species in the bay. 

Biodiversity loss 
• This pollution has led to large reductions in sea grass, reduced populations of fish, oysters and crab.  
• Oysters, a keystone species, were abundant played a large role in filtering and cleaning the bay’s water.   
Watershed protection and restoration actions 
• In 1983, the Chesapeake Bay Agreement was signed and the federal government and surrounding states pledged to 

take action to reverse its environmental deterioration. 
• Actions include: Upgrading sewage treatment plants, controlling urban runoff, controlling manure and fertilizer 

runoff, reducing soil erosion, issuing stricter discharge permits, and banning the use of phosphorous detergents.  
• Protect forests and wetlands adjacent to the bay  
• Plant sea grass beds 
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Florida Everglades 
• The Everglades (“River of Grass”) are a 60-mile wide inland wetland that runs from Lake Okeechobee, which is 

feed by the Kissimmee River, to the coastal wetlands and estuaries of Florida Bay and The Bay of Biscayne. 
• Natural flooding from seasonal rains and the natural, slow, southward flow of water, known as “sheet-flow” have 

historically fed the aquatic ecosystems of the Everglades that contain a variety habitat types – including sawgrass 
plains, open-water sloughs, rocky glades, and marl prairies.   

• Draining wetlands: Beginning in the late 1800’s portions of the Everglades were drained to provide dry land for an 
expanding population.   

• Water diversion: Several powerful hurricanes that resulted in widespread flooding and a few severe droughts in the 
early 20th century led to the installation of a massive network of canals, levees, and water conservation areas that 
blocked sheet-flow to urban areas and provided water for dry-season use.  
o Historically, over 450 billion gallons of water per year flowed southward into the Everglades, today only 260 

billion gallons of water flow into the Everglades.  
• 1947: Everglades National Park: Due to concerns from scientists about the impacts of water diversion, Everglades 

national park was developed to protect the Everglades.   Due to the extent of water diversion and pollution, 
Everglades National Park was largely unsuccessful in their ecological conservation efforts.   

• Environmental problems: The drastically reduced water caused major environmental problems in the Everglades.   
o Sixty-eight plant and animal species became threatened or endangered; the number of breeding wading birds 

dropped by 90%; recreationally important fish species began to decline; and seagrasses in Florida Bay died.  
o The Everglades ecosystem evolved as a low-phosphorus environment, The lack of phosphorus was a limiting 

factor, determining which plants would be able to compete successfully to shape The Everglades into an array 
of sawgrass, wet prairies and open-water sloughs dotted with tree islands.  

o Over the last decades there has been a constant addition of phosphates to the soil by humans, for example 
through fertilizers used in the Everglades Agricultural Area.   

o There is now excessive growth of cattails, and other vegetation that was not widely found in the Everglades. 
High levels of phosphorus cause cattails to crowd out native Everglades plants favored by wildlife.  Also, the 
increasing phosphorus concentrations in surface waters increase the growth of organisms such as algae and 
duckweed, which prefer a higher level of nutrients. This changes the habitats of aquatic/non-aquatic wildlife.  

o Additionally, this nutrient loading has caused large algal blooms in the Florida Bay and The Bay of Biscayne; 
affecting coral reef ecosystems.  

o Global warming and sea-level rise:  The decreased flow of freshwater to the ocean from the Everglades has 
caused changes in hydrology in estuaries.  This means with less outward pressure, due to the reduced flows of 
freshwater to the ocean, and with increased pressure as sea level rises, salt water can now flow inland through 
both surface and ground water.  This is known as saltwater intrusion.   

o Saltwater intrusion 
– In south Florida, around Cape Sable, water diversion canals are now a pathway for salty ocean water and 

sediments to travel inland.  As a result, some interior freshwater marshes have disappeared almost entirely, 
and some lakes have filled almost completely with marine sediments.  

– These changes also have implications for the mangrove trees that live at the waters edge. In response to 
rising seas and saltwater intrusion mangrove trees have been moving inland as habitat becomes suitable.  

– Salt-water intrusion has forced some wells along the coast that supply suburban water systems to be 
relocated inland.  

1990: Comprehensive Everglades Restoration Plan (CERP) 
1. Restore curving flow of ½ of Kissimmee River 
2. Remove canals and levees in strategic locations to increase freshwater flow to the Everglades 
3. Regulating agricultural fertilizer use and using buffer zones to prevent runoff of nutrients to Everglades 
4. Purchase and flood farmland to create artificial marshes 
5. Create 18 reservoirs to create water supply for lower Everglades and humans 
6. Recapture Everglades water flowing to sea and return it to Everglades 

• Already weakened by Florida legislature as sugarcane industry successfully lobbied to increase 
phosphorus discharge 


