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Marine Threats
and Conservation 1: 

Land-based pollution & Climate Change

Threats to Coral Reefs

Threats to Coral Reefs

Local threats:
• Overfishing

• Destructive fishing
• Aquarium fish trade

• Water Pollution
• Coastal Development

• Tourism
• Sedimentation
• Eutrophication

Global threats:

• Climate Change

Signs of Stress:  Coral Bleaching

Signs of Stress:  Declining Coral Cover & Increased Algae Signs of Stress:  Disease



Marine Threats 1:  Land‐based Pollution & 
Climate Change

Tropical Conservation Semester

Catherine Woodward 2

Threats to Coral Reefs

#1 Overfishing & destructive fishing

Destructive fishing

Bottom Trawling

Blast-fishing – SE Asia

• high bycatch and collateral damage

Aquarium fish trade
• poorly regulated

• 60% to U.S.

• >90% mortality!

• Marine Aquariums Council

Restore grazer populations

• deforestation
• loss of coastal vegetation
• dredging (water-based)
• up to 50 mg/cm2/day = 50X normal rates

Erosion & Sedimentation

Effects
• blocks light
• clogs polyps
• increased disease
• coral bleaching
• eutrophication

#2  Land-based Threats

Nutrient Pollution 

• increases phytoplankton and algae growth

• algal blooms  decomposition  ▼O2

Eutrophication

Baltic Sea

Cornwall, England
Seattle, WA

Confined Animal Feeding Operations (CAFOs)

release millions of tons of 
manure containing pathogenic 
organisms & veterinary drugs 
into U.S. waters every  year

phytoplankton blooms

Eutrophication - Dead Zones

Hypoxia  Anoxia

made worse by 
warming water temps

Feedlots too!

Non-point source 
pollution
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405 global Dead Zones (#1 Baltic Sea, #2 Gulf of MX)

Lethal effects:  Anoxia, toxic H2S gas

Sub-lethal effects:  hypoxia, reduced gonad size, sex hormones, # eggs, disease

Eutrophication - Dead Zones

Dead zones threaten 
coral reefs

Eutrophication - SOLUTIONS

Limit Runoff
• Clean Water Act 1972

• National Pollutant Discharge Elimination System

• requires permits, latest tech to treat effluents

• Waters of the U.S. – Obama 2015 

• Settling ponds, No-till, cover crops, riparian buffers

Limit Inputs
• reduce fertilizer use / eliminiate subsidies

• fallows, residue management, N-fixers

Remove Nutrients

Protect & restore estuaries, littoral ecosystems & sea grasses

Eutrophication - SOLUTIONS

Tourism
• 96 countries; for 23 >15% GDP

• coastal development

• boat anchors, trampling

• sewage, sunscreen, trash 

Ex.:  Maldives

snorkelers damaged 17% branched coral, 7% of all coral

Tourists stepping on coral

Threats to Coral Reefs

Threats to Coral Reefs
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“PLANETARY HOMEOSTASIS”

Negative feedback loop involving “cloud seeding” by DMS

• Dimethyl Sulfide 
(DMS) –
phytoplankton 
metabolite and 
breakdown product

• Cloud condensation 
nuclei

• Regulates climate

DMS is the most abundant 
biological sulfur compound 
emitted to the atmosphere.

CLAW Hypothesis update

The Oceans & Climate The Oceans & Climate
Oceans are CO2 sink  

• absorb 30%-50% of CO2 emissions

• long-term sequestration in 
sediments (“biological CO2 
pump”)

Can the oceans 
buffer against 
climate change?

Photosynthesis fixes CO2

Calcification fixes HCO3
-

Deep ocean C storage

The Oceans as CO2 Sink

Deepwater formation

7.2 billion tons/yr emitted 

declining pH

Thermohaline Circulation Collapse
“The Great Ocean Conveyor”

“A THC collapse is now widely discussed as one of a number of "low probability -
high impact" risks associated with global warming.”

- Stefan Rahmstorf, Potsdam Institute for Climate Impact Research

Global ocean turnover driven by 
density differences

Tranport to depths
• O2

• CO2

Global heat transfer

Turnover every ~1,000y

Climate Change Impacts on Oceans
Increased Mean Sea Surface Temperature

Coral bleaching

Climate Change Impacts on Oceans

Increased Mean Sea Surface Temperature
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Climate Change

Range shifts

Ocean Acidification

Adding CO2 increases the H+ ion concentration in seawater:

CO2 + H2O       H2CO3 H+ + HCO3
- 2H+ + CO3

2-

Low pH: Reduces carbonate available for calcifying organisms (link)

Dissolves calcium carbonate shells

Ocean Acidification

Impacts on fish?
(Munday 2010)

WA lawsuit (Clean Water Act & ESA) - limit CO2

Sea Level Rise

Rising sea level due to:

• melting ice

• thermal expansion
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Sea Level Rise

Declining sea ice extent

Sea Level Rise

Geoengineering

Ocean fertilization experiments (with Fe)

• Fe is limiting in ocean water; increase phytoplankton production

• Greater uptake of CO2 – offset climate change! 

Problems: unknown long-term 
impacts, risk of harmful algal 
blooms, ocean acidification, 
deepwater anoxia?

International moratorium recently 
violated

Climate Change Solutions?

2012

2 main classes:
• direct CO2 removal
• solar radiation mgmt

#1 Solution is to Reduce Emissions!
#2 Facilitating Adaptation
• Natural and induced acclimitization

Climate Change Solutions?
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Facilitating Adaptation
• Natural and induced acclimitization
• “Assisted evolution”
• Reintroduction of adapted phenotypes

Climate Change Solutions?


