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WORLDBATH topography
(IRB Climate Data library)

Shelf area = 7 % of ocean surfaceShelf area = 7 % of ocean surface



Shelf = 20% of Ocean NPP; supports Shelf = 20% of Ocean NPP; supports 
90% of Marine Fisheries Production90% of Marine Fisheries Production

g C m2 yr-1 (Field et al. 1998)



Coastal population = 2.2 billionCoastal population = 2.2 billion
(40% of total)(40% of total) (Burke et al., 2001)(Burke et al., 2001)

2N = 30 y



Anthropogenic driversAnthropogenic drivers

!! 90% of  global population in tropical 90% of  global population in tropical 
developing world by 2050 developing world by 2050 (UN 2002)(UN 2002)

!! Growth points: coastal and urban centers; Growth points: coastal and urban centers; 
2N in 30 years2N in 30 years

!! Consumption = F (Population, Affluence, Consumption = F (Population, Affluence, 
Technology) Technology) (Ehrlich & Johnson 1971)(Ehrlich & Johnson 1971)

!! Waste generation:Waste generation:
Agricultural waste,Agricultural waste, Domestic & Industrial Domestic & Industrial 



Man & Continental Margin Man & Continental Margin 
BiogeochemistryBiogeochemistry

!! Nutrient loadingNutrient loading
!! Ecosystem response : Ecosystem response : EutrophicationEutrophication

cascadecascade
"" EutrophicationEutrophication historically & currently historically & currently 

compounded by compounded by overfishingoverfishing
"" Hypoxic zones, Hypoxic zones, denitrificationdenitrification & competing & competing 

microbial pathways, and greenhouse gasesmicrobial pathways, and greenhouse gases
"" Additional jeopardy from aquaculture & Additional jeopardy from aquaculture & 

dammingdamming



EutrophicationEutrophication: Early Records: Early Records

Mid 1900sMid 1900s

New WorldNew World
!!New Bedford EstuaryNew Bedford Estuary33

!!Chesapeake BayChesapeake Bay44

!!Gulf of MexicoGulf of Mexico55

1 b (1804)1 b (1804)

2 b (1927)2 b (1927)

3 b (1960)3 b (1960)

Mid 1800sMid 1800s
Old WorldOld World
!!OslofjordOslofjord11

!!North SeaNorth Sea22

Global Global 
PopulationPopulation66

OnsetOnsetRegionRegion

1Dale et al. 1999; 2Billen et al. 1999; 3Pospelova et al 2002; 4Zimmerman & Canuel
2000; 5Rabalais et al. 2002; ; 6UN 1998



Inorganic Nutrient LoadingInorganic Nutrient Loading

135013509509504004007474535321211990s1990s
(Smith et al. (Smith et al. 
2003)2003)

1000010000500500UpwellingUpwelling
(Chen et al., in (Chen et al., in 
press)press)

4804801601603203202626131313131970s1970s
((MeybeckMeybeck 1982)1982)

3603601890s1890s
(Galloway &(Galloway &
Cowling 2002)Cowling 2002)

TotalTotalAnthroAnthroNaturalNaturalTotalTotalAnthroAnthroNaturalNatural
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Inorganic loading & fertilizer useInorganic loading & fertilizer use
((TilmanTilman et al 2001)et al 2001)

529529

367367

280280

Irrigated Irrigated 
landland

(10(1066 ha)ha)

20502050

20202020

20002000

YearYear

236.0236.083.783.78.68.6

135.0135.047.647.67.57.5

87.087.034.334.36.16.1

NN
101066 MTMT
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101066 MTMT
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Organic nutrient loadingOrganic nutrient loading

1540154010601060656539391970s1970s
((MeybeckMeybeck
1982)1982)

TDNTDNDONDONTDPTDPDOPDOP
10109 9 Moles = Moles = GmolesGmoles

PeriodPeriod

40-75% of DON
(2 weeks)

Microbial growth 
+ remineralization

Seitzinger & Sanders 1997:



Organic loading & Organic waste productionOrganic loading & Organic waste production

1112124040-- 6262
Organic wasteOrganic waste
(San Diego(San Diego--McGloneMcGlone et al. et al. 
2000)2000)
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11
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PhytoplanktonPhytoplankton
!!Redfield et al. ‘63Redfield et al. ‘63
!!Takahashi et al. ‘85Takahashi et al. ‘85

PPNNCCOO22MatterMatter

•• Enriched in nutrients relative to C;Enriched in nutrients relative to C;
enriched in N relative to Redfield ratioenriched in N relative to Redfield ratio

•• C:OC:O2 2 for waste = 1.55; for waste = 1.55; 
•• C:OC:O2 2 for phytoplankton = 1.30for phytoplankton = 1.30--1.431.43



Net autotrophic

Net heterotrophic

AreaArea--specific rates specific rates 
(NEP) & net of(NEP) & net of
(N fixation(N fixation--denitrificationdenitrification
highest in systems withhighest in systems with
exchange times <100 dexchange times <100 d
and areas < 1000 kmand areas < 1000 km22

(Smith et al. submitted(Smith et al. submitted
paper for CMTT synthesispaper for CMTT synthesis
book)book)



Ecosystem response Ecosystem response 
to historical to historical overfishingoverfishing + heavy nutrient load+ heavy nutrient load

(Jackson et al. 2001)

•Loss of suspension feeders & seagrasses
•Add nutrients # Microbialization of the coastal ocean

Before fishing After fishing



EutrophicationEutrophication + Upwelling => + Upwelling => 
Anoxia => NAnoxia => N22O efflux O efflux (Naqvi et al. 2000)(Naqvi et al. 2000)

Western Indian Shelf:Western Indian Shelf:
!! Intensified OIntensified O22

depletion because of depletion because of 
eutrophicationeutrophication

! N2O efflux =  
0.06-0.39 Tg, (6 mos for 
180,000 km2) = annual 
efflux from all of Arabian
Sea



Gulf of Mexico: Hypoxia and suppressed Gulf of Mexico: Hypoxia and suppressed 
benthic benthic denitrificationdenitrification (Childs et al. 2002)(Childs et al. 2002)

• No N2O release perhaps because of nitrate limitation
or competition from organisms capable of DNRA

• Increase in residence time of reactive nitrogen #
hypoxia maintained



1) 7.4 M tons (1980) to 42 M tons (1999) (USD 5.3 B)
2) Growth rate: 10% pa (terrestrial is 3%; capture fish is 0.8%)
3) 30% of per capita food fish supply in 1997 from culture
4) Global projection: 47 M tons in 2010

Aquaculture & FisheriesAquaculture & Fisheries

(SOFA 2002)



Collapsing fisheries & AquacultureCollapsing fisheries & Aquaculture

90% in
1998

Developing countries >> Developed nations
(SOFA 2002)



Ecological footprint of a semiEcological footprint of a semi--
intensive shrimp farmintensive shrimp farm

• Filter nutrient load: 22 ha  for every ha 
Intensive farm; 3 ha for a ha semi-intensive farm
• Provide postlarvae: 160 X farm area (Folke et al. 1998)



Supporting shrimp farmsSupporting shrimp farms
Mangrove AreaMangrove Area
1920   500,000 ha1920   500,000 ha
1988   272,000 ha1988   272,000 ha
1990   132,500 ha1990   132,500 ha
1994   120,500 ha1994   120,500 ha
1977   106,133 ha1977   106,133 ha

FishpondsFishponds
1952   88,681 ha1952   88,681 ha
1988  224,000 ha1988  224,000 ha

To support farms in 1952,
Philippines needed at least
16 M ha.

If mangroves were just for
shrimp ponds, cover in 1920
could support at most 2800 ha



DamsDams
!! Three Gorges Dam (proposed):Three Gorges Dam (proposed): Reduced Reduced 

freshwater outflow by 10% would reduce freshwater outflow by 10% would reduce 
upwelling rate by 10%, thus reducing fisheries upwelling rate by 10%, thus reducing fisheries 
production in East China Sea. Damming has production in East China Sea. Damming has 
greater effects on deltaic processes than on greater effects on deltaic processes than on 
fisheries production which is mostly subsidized fisheries production which is mostly subsidized 
by upwelling by upwelling (Chen, 2000)(Chen, 2000)

!! Aswan Dam (1965):Aswan Dam (1965): Nile river inputs replaced by Nile river inputs replaced by 
anthropogenic nutrients from fertilizer and anthropogenic nutrients from fertilizer and 
sewage. Fish and prawn landings have sewage. Fish and prawn landings have 
increased beginning early 1982 increased beginning early 1982 (Nixon 2003).(Nixon 2003).



Some commentsSome comments
!! Human imprint significant on continental Human imprint significant on continental 

margins, specially big on small margins, specially big on small nearshorenearshore
systems.systems.

!! Potential for this to expand crossPotential for this to expand cross--shelf with shelf with 
aeolianaeolian deposition of  anthropogenic iron on deposition of  anthropogenic iron on 
continental shelf and with Ncontinental shelf and with N22O emitting hypoxic O emitting hypoxic 
zoneszones

!! Dire need to understand microbial processes Dire need to understand microbial processes 
that drive impacted systemsthat drive impacted systems

!! Mitigation will need controls for all waste sources Mitigation will need controls for all waste sources 
as well as constraints on as well as constraints on overfishingoverfishing


