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Silent Spring

Presenter
Presentation Notes
This is the cover of the 1st edition of Silent Spring by Rachel Carson, published in 1962 by Houghton Mifflin Company, Boston.  Silent Spring, often regarded as the cornerstone of modern environmentalism, raised public consciousness of the potential dangers of pesticide use, including pollution of air, land, water, and the web of life.  This book had a huge impact in the creation of our current environmental laws.  For more information, see http://www.rachelcarson.org/.



“A Fable for Tomorrow”
“There was once a town in the heart of America where all 
life seemed to live in harmony with its surroundings…”

“Then a strange blight crept over the area and everything 
began to change. Some evil spell had settled on the 
community: mysterious maladies swept the flocks of 
chickens. The cattle and the sheep sickened and died. 
Everywhere was a shadow of death.”

“This town does not actually exist… Yet every one of these 
disasters has actually happened somewhere… A grim 
specter has crept upon us almost unnoticed, and this 
imagined tragedy may easily become a stark reality we 
shall all know.”

Presenter
Presentation Notes
Excerpts from chapter 1 of Silent Spring titled “A Fable for Tomorrow.” 



A Story for Today

There was once an estuary where the water was sparkling 
clear. Great meadows of seagrass full of fishes and crabs 
lined the shores. Vast oyster reefs broke the surface at low 
tide. Fisheries were so abundant their bounty seemed 
infinite. Whales, dolphins, and sea turtles were abundant.

Then a strange blight came to the Bay. The water became 
cloudy and murky. The seagrass and oyster reefs 
disappeared. Fisheries collapsed. The whales, dolphins, 
and sea turtles were gone. 

But nutrients, microbes, and jellyfish abound. Outbreaks of 
new species clog the shore. Toxic plankton kills the fish, the 
water is polluted, and the oxygen is almost gone.

A Story for Today

Presenter
Presentation Notes
This “Story for Today” slide parallels Carson’s “Fable for Tomorrow.” Estuary - A coastal water resource where a river meets the sea and fresh water from rivers mixes with salt water from the ocean.



It is NOW

This estuary does actually exist. It is the Chesapeake 
Bay, Pamlico Sound, and San Francisco Bay. It is 
almost every large estuary in the U.S.A.

It is the Baltic Sea, the Wadden Sea, and the northern 
Adriatic. It is almost every large estuary in Europe.

It is Moreton Bay, Jakarta Harbor, Tokyo Bay, and 
Hong Kong. It is almost every large estuary in the 
Western Pacific.

It is almost every large estuary around the world. 

It is NOW. 



More Stories for Today

We can tell similar stories about the world’s

But there is little public or general scientific
awareness of the scale of the changes that have
occurred or their implications for the future. 

• Coral Reefs
• Kelp Forests
• Continental Shelves and Slopes
• Seamounts
• Upwelling Fisheries
• Pelagic Fisheries

More Stories for Today

Presenter
Presentation Notes
This situation is similarly bad in most kinds of marine environments and ecosystems throughout the global ocean.  We can tell similar stories about the world’s Coral Reefs, Kelp Forests, Continental Shelves and Slopes, Seamounts, Upwelling Fisheries, and Pelagic Fisheries, but there is little public or general scientific awareness of the scale of the changes that have occurred or their implications for the future. Pelagic - Of, relating to, or living in open oceans or seas rather than waters adjacent to land or inland waters.
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So what can we say about 
the future?

Given that as scientists we are not 
supposed to speculate…..



Brave New World

Presenter
Presentation Notes
Pulp fiction style early paperback cover of “Brave New World.”  The novel was first published in UK in 1932. 



Brave New Ocean



Brave New Ocean?

Rachel Carson did not make wild predictions about
the future. She asked two simple questions:

1.  What is happening now that is new and  
different that raises serious concern?

2.  What are some of the possible outcomes    
if these new developments persist?



1. Over-exploitation of everything big

2. Destruction of benthic habitats

3. Globalization of species

4. Ocean warming

5. Poisoning of food webs

6. Rise of slime

Major drivers of the 
Brave New Ocean

Presenter
Presentation Notes
Exploitation is the use of resources or people at their expense affecting long-term supply of their well being.



Biomass of table fish in 1900

Christensen et al. 2003, Fish & Fisheries

Biomass of table fish in 1900

Presenter
Presentation Notes
Biomass of table fish in 1900.  The data represent the total catch in 1900 in tons per square kilometer.  For more information, see the “Sea Around Us Project,” a project devoted to studying the impact of the fisheries on marine ecosystems:  http://www.seaaroundus.org/. Image, courtesy of Villy Christensen, from Christensen, Villy, Guénette, Sylvie, Heymans, Johanna J, Walters, Carl J, Watson, Reginald, Zeller, Dirk & Pauly, Daniel (2003). Hundred-year decline of North Atlantic predatory fishes. Fish and Fisheries 4 (1), 1-24.Biomass - A quantitative estimate of the total weight of living organisms in a particular habitat, it can be measured in terms of volume, mass, or caloric energy.



and in 2000

Christensen et al. 2003, Fish & Fisheries

and in 2000…

Presenter
Presentation Notes
Biomass in 2000. Image, courtesy of Villy Christensen, from Christensen, Villy, Guénette, Sylvie, Heymans, Johanna J, Walters, Carl J, Watson, Reginald, Zeller, Dirk & Pauly, Daniel (2003). Hundred-year decline of North Atlantic predatory fishes. Fish and Fisheries 4 (1), 1-24.



Biomass Time Trends

Biomass Time Trends
Oceanic Shelf

Myers and Worm 2003

Presenter
Presentation Notes
The data in graphs a through I are from the Japanese long-line fishing industry showing the numbers of large, open ocean (pelagic) fish caught per 100 hooks. The catches fall very rapidly from about 10 to less than 1 fish/100 hooks in almost all the fisheries examined.  Graphs j-m are for bottom fish caught in scientific trawl surveys. Graphs, courtesy of Ransom Myers, from Myers, R. and B. Worm. 2003. Rapid worldwide depletion of predatory fish communities. Nature 423, 280-283. 



Catch Per Hundred Hooks

Myers and Worm 2003
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Presenter
Presentation Notes
The same pelagic data in map form. Graphs, courtesy of Ransom Myers, from Myers, R. and B. Worm. 2003. Rapid worldwide depletion of predatory fish communities. Nature 423, 280-283. 



Green Turtle Nesting Beaches

Presenter
Presentation Notes
The data on green turtle nesting beaches come from analysis of 161 historic sources ranging from archeological evidence, explorers’ and pirates accounts (e.g., Columbus, William Dampier), early naturalists, shipping and customs records, and archival documents.  The green circles represent historic nesting beaches (1492) and the orange circles the present, but the scales are different between the times.  Large green circles represent nesting populations in the millions (Grand Cayman calculated to be 6.5 million based on 17th-18th century hunting data in Dr. Jackson’s 1997 paper titled “Reefs since Columbus” published in the journal Coral Reefs.  Small green circles represent “minor beaches” though to have about 10% the abundance of major beaches.  From all the sources, the scientists calculated an abundance of roughly 90 (30-150) million green turtles in 1492 compared to perhaps 100,000 today.  That was much more biomass than all the bison in North America before the arrival of horses and the rifle.  The orange circles (same size to be visible) represent very small populations as shown in the legend.This figure comes from a paper Dr. Jackson and his students have in review at the journal Frontiers in Ecology:  McClenachan, L., Jackson, J. B. C., and Newman, M. J. H.  Conservation implications of historic sea turtle nesting beach loss.



Hawaiian Fish 
Communities

Apex
Predators

3%

Main Hawaiian
Islands

NW Hawaiian
Islands

Comparative fish biomass 
(megatons/hectare)Friedlander and DeMartini 2002

Presenter
Presentation Notes
Recent fish biomass and trophic structure in the main Hawaiian Islands (lots of people and intense fishing) versus the NW Hawaiian Islands (almost no people and little fishing).  The main points are that total fish biomass per hectare is about 2.5 times greater in the NW islands and that 54% of the biomass is apex predators (sharks, large groupers and snappers, etc) compared to only 3% in the main islands.  In other words, the more pristine “trophic pyramid” is upside down.  Going to the NW islands is like going back in time in a time machine to see what in most places we can only reconstruct historically.Trophic structure - The organization of feeding and energy-transfer relationships that determine the path of energy flow through a community or ecosystem. Metric ton – A unit of mass and weight equivalent to 1,000 kilograms, or 2,204.6 pounds.Hectare - Metric unit of area equal to 10,000 square meters, or 2.471 acres. Pristine - The original or pure condition or state of something. Trophic pyramid - the graphic representation of ecosystem structure based on feeding or trophic levels. The producers form the base of the pyramid and subsequent steps diminish in size depicting the lessening of usable energy at higher trophic levels. Units may be calories, biomass, or number of individuals.�The graphs are a modified version of figures on page 12 of the following report:��Maragos, J. and Gulko, D., eds. 2002. Coral Reef Ecosystems of the Northwestern Hawaiian Islands: Interim Results Emphasizing the 2000 Surveys. US Fish and Wildlife Service and the Hawaii Department of Land and Natural Resources, Honolulu, Hawaii. 46 pp.



Decrease in Fish Size

The overall trend 
is thus toward

‘down,’ marine 
food web, 

everywhere 

Image courtesy of Daniel Pauly.  Design: Daniel Pauly; Artist: Aque Atanacio.

Presenter
Presentation Notes
As we fish down the marine food webs, we selectively and sequentially remove first the bigger, higher tropic level fish and then move down the food chain.Image courtesy of Daniel Pauly.  Design: Daniel Pauly; Artist: Aque Atanacio.



Why Big Fierce Animals are Rare

Presenter
Presentation Notes
Why Big Fierce Animals are Rare.  Cover of paperback edition of book by Paul Colinvaux.  His answer in the title chapter of the book is that they are rare because of the 2nd law of thermodynamics (metabolic inefficiency, limits to # links in a food web, etc.).  However, this point is debatable.   A counter-example can be found in the Hawaiian Islands where big animals are rare because humans ate them.



1. Over-exploitation of everything big

2. Destruction of benthic habitats

3. Globalization of species

4. Ocean warming

5. Poisoning of food webs

6. Rise of slime

Major drivers of the 
Brave New Ocean

Presenter
Presentation Notes
Benthic habitats are located at the bottom of a body of water (seabed, riverbed, or lake bottom).



Deep coral reefs before and after trawling

Presenter
Presentation Notes
Deep coral reefs before and after trawling.  This is the most widely-used commercial fishing method.Trawling - Fishing by dragging a net behind a boat along the sea floor, weighted by anchors.  Image on left:  Intact Lophelia pertusa reef or mound with a redfish (Sebastes sp.) peering out.�Image on right: Lophelia pertusa reef reduced to rubble from the impact of trawling.�Images courtesy of Fisheries and Oceans Canada/Peches et Oceans Canada.



The area of sea floor scraped clean by trawling rivals 
that of all the forests ever cut down on land.

Image courtesy of Peter Auster.

Presenter
Presentation Notes
The area of sea floor scraped clean.Image courtesy of Peter Auster.



1. Over-exploitation of everything big

2. Destruction of benthic habitats

3. Globalization of species

4. Ocean warming

5. Poisoning of food webs

6. Rise of slime

Major drivers of the 
Brave New Ocean



Caulerpa taxifolia

NASA Satellite Imagery Tracks Killer Toxic Algae 
Off the Coast of Norway

Introduced Caulerpa taxifolia is carpeting the 
Mediterranean and smothering communities of 
thousands of species.

Presenter
Presentation Notes
Introduced Caulerpa taxifolia.  This plant is the infamous “Killer Algae” that was accidentally introduced into the Mediterranean from the marine lab in Monaco and that is overgrowing (literally carpeting) much of the sea floor of the Mediterranean, smothering and killing almost everything it overgrows.The NASA Satellite Imagery on the right, taken on March 28, 2001, tracks a killer toxic algae bloom off the coast of Norway.  NASA's SEAWiFS (Sea-viewing Wide Field-of-View Sensor) instrument captured images showing high concentrations of harmful algae.  The various colors show how thick the Algae is Red being the largest amounts.  The algae have been blamed for killing over 700 tons of salmon at farms on the southern tip of Norway.  For more information about Caulerpa taxifolia, including further description, its history, methods of control, and information about a recent outbreak, see http://www.mbnms.nos.noaa.gov/Research/techreports/Caulerpa.html.Also, for information about the book Killer Algae, including excerpts, see http://www.press.uchicago.edu/Misc/Chicago/519228.html.Image on left of Caulerpa taxifolia courtesy of NOAA.  For more information, see http://www8.nos.noaa.gov/coris_glossary/index.aspx?letter=g.Image on right, SeaWiFS imagery, courtesy of NASA/ORBIMAGE.



1. Over-exploitation of everything big

2. Destruction of benthic habitats

3. Globalization of species

4. Ocean warming

5. Poisoning of food webs

6. Rise of slime

Major drivers of the 
Brave New Ocean



Permanent Sea Ice Comparison

1979 2003

Presenter
Presentation Notes
Permanent sea ice 1979 and 2003.  This is from the NOAA web site and there is a newer even more dramatic set of images showing even greater disappearance of ice (see http://www.photolib.noaa.gov/index.html).  The infamous “Northwest Passage” will be a reality in 10-20 years.



Ocean warming

1. Polar ice caps are rapidly melting and may 
disappear in the Arctic within a century

2. Entire ecosystems epitomized by polar bears and 
penguins are likely to disappear within our 
children’s lifetimes

3. Species’ ranges are shifting towards the poles 
from lower latitudes

4. Tropical reef corals are suffering mass mortality 
because of coral bleaching



Coral Bleaching

● Breakdown in mutualism 
between coral and symbionts 
caused by high temperature

● Highly variable response 
depending on species, 
environment, and history

Image courtesy of David Kline.

Image courtesy of Scott R. Santos,
Auburn University

Presenter
Presentation Notes
The photo on the left is of a small patch reef of corals in Panama that are in various stages of bleaching or not.  The photo on the right shows the symbiotic dinoflagellates (“algae”) that live within reef coral tissues where they photosynthesize sugars that they leak to their coral hosts, thereby providing most of the nutrition for the corals.  Bleaching is the expulsion of the dinoflagellates by their host corals under conditions of abnormally high temperatures.  Under those conditions the dinoflagellates cannot produce the sugar and the corals respond to their loss of a free lunch by kicking them out - an evolutionary mistake because without the dinoflagellates the corals will go hungry die.  The ghostly white patches of coral are areas that have bleached.  Sometimes, the corals are re-colonized by dinoflagellates and recover, otherwise they die. The scale is about 1 meter across.In 1998, the high sea surface temperatures had caused massive coral bleaching and mortality in the world’s reefs.  The bleaching and mortality rate was unprecedented in relation to geography, depth, and severity, with only some parts of the central Pacific being spared.  Mortality was as high as 90% in the Indian Ocean.¹  According to the Australian Academy of Science, “in 2002, the Great Barrier Reef experienced its worst case of coral bleaching on record.”²  Why are corals affected by high sea surface temperatures?  Because corals live on the upper edge of their temperature tolerance, and are sensitive to environmental change, only a slight increase of about 2 degrees Celsius in surface ocean temperature would pose a serious threat (Intergovernmental Panel on Climate Change).________________________________________________________________________1 National Oceanic and Atmospheric Administration, NOAA News: “Nations around the world express concern about coral bleaching,” http://www.noaanews.noaa.gov/stories/s93.htm2 Australian Institute of Marine Science, NOVA Science in the News: “Coral bleaching: will global warming kill the reefs?” http://www.science.org.au/nova/076/076key.htmThe image of a small patch reef of corals in Panama, on the left, courtesy of David Kline.The image of dinoflagelletes, on the right, courtesy of Scott R. Santos, Auburn University.   



Bleaching events are increasing in 
geographic extent and severity

Hoegh-Guldberg 1999

Presenter
Presentation Notes
The top photograph is of Coral bleaching at Uva Island, Panama in 1993 (see http://www.ncdc.noaa.gov/paleo/slides/slideset/14/14_253_bslide.html).  The bottom photograph shows coral bleaching (see http://data.nurp.noaa.gov/nurp03/Images/Corals5.gif).The top graph shows weekly sea surface temperature data for Tahiti (149.5oW 17.5oS).  Arrows indicate bleachingevents reported in the literature.  The Horizontal line indicates the minimum temperature above which bleaching events occur (threshold temperature).  IGOSS-NMC blended data courtesy of the Lamont-Doherty Climate Centre at Columbia University.  The bottom graph shows the number of reef provinces bleaching since 1979.  Graph modified from Goreau and Hayes (1994) with data added for 1992 onwards.  Arrows indicate strong El Nino years.  While some of the trend can be explained by some observer bias, this factor does not completely explain the increasing trend with time.  From and for more information, see http://www.greenpeace.org.au/climate/pdfs/coral_report.pdf.Images courtesy of NOAA.Graphs from Hoegh-Guldberg, O. 1999. Climate Change Coral Bleaching and the Future of the World’s Coral Reefs.  Greenpeace Report:  28 pp.



1. Over-exploitation of everything big

2. Destruction of benthic habitats

3. Globalization of species

4. Ocean warming

5. Poisoning of food webs

6. Rise of slime

Major drivers of the 
Brave New Ocean



Poisoned Webs

• Reproduction and survival of Arctic fish and marine 
mammals are reduced by accumulation of mercury, 
PCBs, and other toxins in their tissues.

• Inuit mothers’ breast milk contains dangerously high 
concentrations of toxins from their sea food diet.

• Wild salmon dying after spawning contaminate 
upland streams, lakes, and terrestrial food webs with 
toxins in the Pacific northwest.

• Farmed salmon contain even higher concentrations 
of toxins from their wild caught fish meal.

Presenter
Presentation Notes
For more information, see the PEW Oceans Commission Report (http://www.pewoceans.org/) and/or the U. S. Ocean Commission on Ocean Policy (http://www.oceancommission.gov/). PCBs  - Polychlorinated Biphenyls.  A group of industrial chemicals (of the chlorinated hydrocarbon class) that are commonly used and have become serious and widespread pollutants.  These compounds which were developed in the 1930s and were mainly used in the electricity supply industry and mining.  Due to their accumulation in the food chain, production of PCBs was halted world-wide at the beginning of the 1980s.  PCBs are, however, still found in trace concentrations in the sea and in the fatty tissue of marine animals.  They are extremely resistant to breakdown in the environment and have contaminated most of the earth's food chains. PCBs are toxic to some marine life at concentrations of a few parts per billion and are known to cause skin diseases and even death in humans at higher concentrations.  



1. Over-exploitation of everything big

2. Destruction of benthic habitats

3. Globalization of species

4. Ocean warming

5. Poisoning of food webs

6. Rise of slime

Major drivers of the 
Brave New Ocean

Presenter
Presentation Notes
“Slime,” a more intuitive and powerful word than “eutrophication,” means the buildup of excess populations of phytoplankton (algae, protests, and microbes in the water) that are caused by excess runoff of nutrients from the land (mostly due to over-use of fertilizers, animal excrement from industrial chicken and hog farms, etc.) and/or the removal of filter feeding organisms like oysters and clams that used to keep the phytoplankton in check. Eutrophication - over-enrichment of a water body with nutrients, resulting in excessive growth of organisms and depletion of oxygen concentration.  Natural eutrophication is a gradual process, but human activities may greatly accelerate the process.



Why do swimming pools 
get dirty?

1. Broken filter?
2. Increased inputs of nutrients and 

filth?

In responding to eutrophication in coastal habitats,
we typically pretend to treat the inputs while
ignoring the broken filters (oysters, sponges,
menhaden, etc).

Presenter
Presentation Notes
Why do swimming pools [estuaries, bays, coastal waters…] get dirty? For the reasons explained in previous slide.



This was an oyster reef and oysters filtered all the 
water in Chesapeake Bay every 3-5 days

Presenter
Presentation Notes
This was an oyster reef.  This is a mountain of harvested oyster shells from Chesapeake Bay - see the ant-sized man on the pile for scale.  Oysters were so abundant the reefs they formed broke the surface from 50-100 feet deep, were hazards to navigation, and filtered the equivalent of all the water in Chesapeake Bay every few days (probably every day!!).  This story is summarized in Dr. Jackson’s 2001 paper [Jackson, J. B. C. et al. 2001. Historical overfishing and the recent collapse of coastal ecosystems. Science 293:629-637.  It is also described in the first film Dr. Jackson made with Randy Olson titled “Rediagnosing the Oceans.”  The film has been popular with teachers who say it is simpler and more intuitive than most of the genre. For more information, or to see this film and others, including case studies of North Pacific Sea Mammals, New England Kelp Beds, and Carribean Sea Turtles, see http://www.oceanrx.org/.Image courtesy of the Library of Congress Archive of Photos.
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Jellyfish

Jellyfish and bacteria abound in more 
than 150 “dead zones” around the world

Presenter
Presentation Notes
Dead zones aren’t dead, they are a soup of jellyfish and bacteria with little or no oxygen, fish, or shrimp.  There is a short cartoon on the Shifting Baselines website (www.shiftingbaselines.org).  It begins: “Jellyfish and bacteria, that’s what you get when the ocean is inferior….”  The number of reported “dead zones” is increasing at a fearful rate.  See PEW Oceans Commission Report (http://www.pewoceans.org/).  Google dead zone and you will come up with a plate full. Photograph courtesy of Philip Greenspun (see www.photo.net/philg/digiphotos/200209-central-ca/mb-jellyfish-1.tcl).
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The dead zone in the northern Gulf of 
Mexico is larger than the state of New 

Jersey and is increasing in size 
almost every year. 

Dead zones reverse the achievements of 
more than half a billion years of evolution 
to take us back to the Precambrian Era 

before the rise of animals.

Presenter
Presentation Notes
The basic data are in the PEW Oceans Commission Report (http://www.pewoceans.org/) and the works of Nancy Rabalais who is the heroine of this field. Her works are cited all over the internet.  The point on the bottom of the slide is that dead zone ecosystems resemble ocean communities before rise of animals more than half a billion years ago.  All that evolution effectively snuffed out in a few centuries. 



Toxic algal bloom of Karenia brevis

Image courtesy of Florida Fish and 
Wildlife Conservation Commission.

Image courtesy of NASA/GSFC and ORBIMAGE, inc.

Presenter
Presentation Notes
Toxic algal bloom of Karenia brevis. The scale is the entire western Gulf of Mexico. The obvious point is the enormous scale of the phenomenon.Satellite image of the Gulf Coast of the US (TX), taken 2/17/98, courtesy of NASA/GSFC and ORBIMAGE, inc.  The SeaWiFS (Sea-viewing Wide Field of view Sensor) was launched in the fall of 1997.  The sensor is based on the Coastal Zone Color Scanner instrument flown on the Nimbus 7 satellite.   Yellow can indicate high concentrations of Karenia brevis.  Image of Karenia brevis courtesy of Florida Fish and Wildlife Conservation Commission.



Pfiesteria

Pfiesteria

Image courtesy of Robert Myers/Mote Marine Laboratory.

Image courtesy of the Burkholder Laboratory.

Images courtesy of the Virginia Institute of Marine Science.

Presenter
Presentation Notes
Phiesteria. Another toxic dinoflagellate phenomenon that causes massive fish kills and toxic effects in humans.  For more information about impacts of Phiesteria outbreaks, see www.udel.edu/PR/ experts/pfiesteria.html.Image one left, taken on September 12, 1995 at North Lido Beach by Robert Myers, courtesy of Robert Myers/Mote Marine Laboratory.Image of Atlantic menhaden with Pfiesteria piscicida toxin-related lesions courtesy of the Burkholder Laboratory.Images of Pfiesteria piscicida toxic Zoospore (on left) and Pfiesteria shumwayae non-toxic zoospore (on right) courtesy of the Virginia Institute of Marine Science.



Epidemics of fatal bacterial diseases of 
reef corals are increasing in frequency

Image courtesy of Ursula Keuper-Bennett and Peter Bennett.

Presenter
Presentation Notes
This was an Hawaiian coral reef. Dead reef overgrown by green algae due to eutrophication. Image courtesy of Ursula Keuper-Bennett and Peter Bennett.



This was an Hawaiian coral reef

Presenter
Presentation Notes
Global trajectories of ecosystem degradation.  This slides marks the start of a discussion of how Dr. Jackson and other scientists have tested the generality of the points enumerated previously by the systematic examination of large numbers of (1) estuaries, bays, and coastal seas and (2) coral reef systems.  The main purpose was to counter the suggestion that there was an inherent bias in choice of examples to emphasize worst-case scenarios.  What emerges, however, is that the initial conclusions were very strongly supported by these new, broader analyses. The source of the images for the estuaries and coastal seas is a paper now in review at Science by Heike Loetze et. al.  The title is: “Depletion, degradation, and recovery potential of estuaries and coastal seas worldwide.”



Global trajectories of ocean 
degradation

• 12 estuaries and coastal seas from Europe, 
North America and Australia

• 14 coral reefs from the Caribbean, Red Sea 
and western Pacific

• Scientists ranked ecosystem states over six 
stages of human cultural development

Presenter
Presentation Notes
Dr. Jackson and the authors of the article mentioned on the previous slide, “Depletion, degradation, and recovery potential of estuaries and coastal seas worldwide,” quantified detailed historical baselines for 12 estuarine and coastal ecosystems in North America, Europe, and Australia since the onset of human occupation.  They found that patterns of change were surprisingly similar at all sites.  Overexploitation and habitat loss alone explained ~95% of all species declines, extinctions, and consequent shifts in diversity and ecosystem functioning. Significant recovery in upper trophic levels was seen where those impacts were restrained, indicating that well-targeted management can reverse destructive trends.  Their results are of major interest to scientists and policy makers as they provide a quantitative basis and priority targets for ecosystem-based management and conservation. Because the studies extend back many centuries the scientists used ranks of ecosystem states.  Due to the fact that the historical timing of stages of exploitation varies among geographic regions (e.g., the 16th century in the Caribbean is equivalent to the 19th century for Australia in terms of European exploitation) the scientists used stages of cultural/economic development instead of calendar ages (e.g., pristine, hunter-gatherer, early agricultural, early colonial, late colonial, early modern 1900-1950, late modern 1950-present).Depletion - The process of exhausting the supply of a nonrenewable resource by running down or reducing the total resource available, such as reducing the abundance of members of a fish stock through fishing. Degradation  - The reduction in health and value of a habitat or ecosystem, often due to such factors as land clearing, pollution, and the spread of introduced plants and animals.�Recovery potential - The possibility of something to return to an original state.



Common patterns in coastal seas worldwide

Common patterns in coastal 
seas worldwide
Mammals
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Presenter
Presentation Notes
Graphs from a paper now in review at Science by Heike Loetze et. al.  The title is: “Depletion, degradation, and recovery potential of estuaries and coastal seas worldwide.” 



Reprinted with permission from Pandolfi et al. 2003. Global trajectories of the long-
term decline of coral reef ecosystems. Science 301: 955-958.  Copyright 2003 AAAS.

Animal Frequencies

Presenter
Presentation Notes
These are results for the 12 reef systems around the world (Caribbean, Red Sea, Indo-west Pacific).  The colors show ecological condition (amount of degradation) for 7 “guilds” of coral reef organisms:  large herbivores (> 1 meter long) like sea cows and green turtles, large carnivores like sharks and goliath groupers, small herbivores like parrotfish, small carnivores like snappers, corals, seagrasses, and suspension feeders like oysters. Big things go before small things, fishes and other mobile animals before benthos (corals, seagrasses, and suspension feeders).Guild - A group of organisms that share a common food resource.Reprinted with permission from Pandolfi, J.M., R.H. Bradbury, E. Sala, T.P. Hughes, K. A. Bjorndal, R. G. Cooke, D. Macardle, L. McClenahan, M.J.H. Newman, G. Paredes, R.R. Warner, and J.B.C. Jackson. 2003. Global trajectories of the long-term decline of coral reef ecosystems. Science 301: 955-958.  Copyright 2003 AAAS.  AAAS materials may be used for non-commercial, classroom purposes only.  Any other uses require the prior written permission from AAAS.



Percent Degradation

Pandolfi et al. 2003, Science.  

Presenter
Presentation Notes
Trajectories of ecosystem degradation for each of the 12 reef system based upon an “ordination” analysis.  The different points along the lines in part A indicate the extent of degradation at particular cultural stages.  The bottom figure B shows the relative position of the end points of the individual trajectories along a gradient from pristine for all 7 groups of organisms to “ecologically extinct.”  Ecologically extinct means that the group is so rare it has no ecological impact and might as well be extinct in terms of the ecological characteristics of the reef ecosystems. Reprinted with permission from Pandolfi, J.M., R.H. Bradbury, E. Sala, T.P. Hughes, K. A. Bjorndal, R. G. Cooke, D. Macardle, L. McClenahan, M.J.H. Newman, G. Paredes, R.R. Warner, and J.B.C. Jackson. 2003. Global trajectories of the long-term decline of coral reef ecosystems. Science 301: 955-958.  Copyright 2003 AAAS.  AAAS materials may be used for non-commercial, classroom purposes only.  Any other uses require the prior written permission from AAAS.



Trials and tribulations of reef corals

1. Overfishing  trophic cascades, algal overgrowth and 
coral death

2. Trawling and dynamiting  loss of corals and 3-
dimensional structure

3. Introduced species  “killer algae” overgrowing corals
4. Warming  coral bleaching and death
5. Pollution  reduced coral growth and reproduction, 

coral death
6. Rise of slime coral disease, explosions of seaweeds, 

coral death

ALL of these are demonstrably significant threats to the 
future of corals and coral reefs. They cannot be 
successfully dealt with one by one.

Presenter
Presentation Notes
This goes back to the 6 drivers of ecosystem degradation to highlight that all 6 are grave threats to reef corals and coral reefs.



Human Activities

Presenter
Presentation Notes
Human expansion/altered ecosystems.  This diagram shows how different human activities that affect the oceans have arisen at different stages of history.  A major point Dr. Jackson makes is that focus only on the most recent factors like climate change ignores the fact that overfishing is a persistent (and increasingly dire) problem.  To emphasize this Dr. Jackson says that if we could wave a magic wand and make global warming and thus coral bleaching go away, coral reefs would still continue to degrade unless we controlled against the effects of overfishing.Modified version of figure 2 in Jackson, JBC. 2001. What was natural in the coastal oceans? Proceedings of the National Academy of Sciences USA 98:5411-5418. 
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C

Rachel Carson’s 2nd

Question

What are some of the possible 
outcomes if these new 
developments persist?



The past and future ocean

The past and future ocean

Presenter
Presentation Notes
The past and future ocean.  This slide is a general model of change and is not to be taken literally although the basic idea has held up very well.  The extreme right of the first blue background represents “when science began.” In other words scientists never had the chance to study the more pristine state.  This is the fundamental problem of “shifting baselines.”  The right of the 2nd blue background marks when concern about marine conservation began (i.e., when most of the big animals and 3D structure like reefs, marshes, sea grass beds etc were gone).The source of the graph is from the following paper: Jackson, JBC. 2001. What was natural in the coastal oceans? Proceedings of the National Academy of Sciences USA 98:5411-5418. 



Degradation and Recovery

Image courtesy of the Smithsonian Institution.

Presenter
Presentation Notes
This diorama says the same thing as the preceding model.  It is the general story for global coral reefs but especially the tropical western Atlantic.  The Florida Keys are way to the right in this picture. Image courtesy of the Smithsonian Institution.



Forecasting and managing the 
Brave New Ocean

1. Open our eyes to the magnitude of change

2. Focus attention on useful questions

3. Develop testable management and conservation 
strategies in the light of historical perspective

4. Test these strategies in specific, socially important 
contexts at ecologically realistic spatial and 
temporal scales

Presenter
Presentation Notes
Forecasting and managing the Brave New Ocean.  These are the things we need to do to stop the degradation of the oceans. 



Opening our eyes to change

1. Nowhere in the oceans is wild or pristine and 
nowhere will ever be wild again

2. All the different drivers of change are likely to be 
important so they need to be addressed 
comprehensively

3. The potential for “recovery” is constrained by 
nonlinear dynamics and the evolutionary 
consequences of what has already occurred    
(We can’t go home again…)



Asking useful questions

1. Questions should be answerable and testable
• We will never know how many species there are on 

earth (although it would be fun trying)
• Even if we did know how many, it wouldn’t help us to 

conserve them

2. Questions need to placed in a context
• We can know how many species are lost along gradients 

of intensity of the human footprint and determine the 
shape of the relationship

• We can observe and test the ecosystem consequences 
of their loss



Developing useful strategies

1. Unveil the shifted baseline and the most likely 
drivers of ecosystem change

2. Describe the ecosystem consequences of 
historic losses in societal as well as scientific 
terms

3. Develop and implement strategies to address 
the drivers and to offer alternatives (less 
workshopping and more action)



Developing useful strategies, cont.

4. Focus efforts at the scale of specific, ecologically 
and socially important contexts and places

5. Treat management actions as experiments, take 
management risks, and have the courage to be 
wrong

6. Monitor the system to determine what actions do or 
do not work and be prepared to change in mid 
stream



Uncertainties of ecosystem 
restoration

Pristine
Ecologically

extinctA
B

C

Presenter
Presentation Notes
This figure represents the future uncertainty of trajectories along the axis of ecosystem degradation outlined in slide #44B.  We don’t know exactly what will happen if we stop harmful activities because of “nonlinear dynamics” which the public understands as the “straw that broke the camel’s back” phenomenon.  Imagine that the present is the intersection of the A, B, and C trajectories.  What will happen after we stop overfishing??  Any of these or other outcomes are possible.  What we want is to move toward the left (pristine) although we are sure we will never get back things exactly the way they were and we may not even want that.The figure is from a book chapter in review by Dr. Jackson and Enric Sala.



So the challenge for sustainability in the oceans is 
to figure out how to move from the right to the left

(in this picture).

This is not a conventional scientific question.

Presenter
Presentation Notes
This is the same diorama as slide #47. The different arrows moving back to the left represent the uncertainty emphasized in the previous slide.Image courtesy of the Smithsonian Institution.



Shifting Baselines Website

Presenter
Presentation Notes
For more information and entertaining educational videos, see www.shiftingbaselines.org.



Dr. Jeremy Jackson

Dr. Jeremy Jackson is one of the most prominent marine ecologists in the world and he 
has a message to get out about the world's oceans - sadly, it documents declines in coral 
reefs, decreasing numbers of large marine fish, and losses of coastal and marine 
ecosystems.  More than just an academic researcher, Dr. Jackson has actively searched 
for innovative ways to reach the public, applying his skills as a communicator with his 
scientific knowledge to inspire action.  Dr. Jackson desires to reach a broader audience 
and affect change into the future with tomorrow's generation on this topic of interest.

Dr. Jackson is the William E. and Mary B. Ritter Professor and Director of the 
Geosciences Research Division at Scripps Institution of Oceanography. In addition, he is a 
Senior Scientist at the Smithsonian Tropical Research Institute.  Dr. Jackson was featured 
in a Scientists at Work article, "About the Oceans, He Says Firmly, Attention Must be Paid" 
in the April 26th edition of the New York Times.

Dr. Jeremy Jackson
William E. and Mary B. Ritter Professor and 
Director of the Geosciences Research 
Division at Scripps Institution of 
Oceanography

Presenter
Presentation Notes
Dr. Jeremy Jackson is one of the most prominent marine ecologists in the world and he has a message to get out about the world's oceans - sadly, it documents declines in coral reefs, decreasing numbers of large marine fish, and losses of coastal and marine ecosystems.  More than just an academic researcher, Dr. Jackson has actively searched for innovative ways to reach the public, applying his skills as a communicator with his scientific knowledge to inspire action.  Dr. Jackson desires to reach a broader audience and affect change into the future with tomorrow's generation on this topic of interest.Dr. Jackson is the William E. and Mary B. Ritter Professor and Director of the Geosciences Research Division at Scripps Institution of Oceanography. In addition, he is a Senior Scientist at the Smithsonian Tropical Research Institute.  Dr. Jackson was featured in a Scientists at Work article, "About the Oceans, He Says Firmly, Attention Must be Paid" in the April 26th edition of the New York Times.
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