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Global frame: land — ocean fluxes

Tropics
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Tropical regions receive % each of water discharge and of sediment input
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Global frame: biodiversity, productivity
Global Dlstrlbutlon of Coral Mang rove and Seagrass Diversity
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Global frame: human activities

Tropics
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Global frame: economy

Benefits from Marine and Coastal Ecosystems and Activities

Coastal tourism Trade and shipping Offshore oil and gas Fisheries

The velume of glabal Since the 1950s, the Since gasoline was first Between 1950 and 1997,
tounst arrivals increased annual volume of shipping used in Califomia a global fish production from
more than 20 times and seaborne trade has century ago, the oil and capture and culture
between 1950 and 1595, risen sixfold, to more than natural gas industry has ries grew from 20
makina tourism the world's 5 billion tonnes of oil. drv skwrocketed fo mest — million tonnes to 122

Estimated Mean Value of Marine Biomes
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Source: Anne Flalt MeGinn, The Haglth of Oceans Worldwalch paper 145 Werldwatch Institule, 1888 Washinglon DC (www worldwalch org) - Coslanza, R, et al, The Value of the World's
Ecosysiem Services and Nalural Capiiai, Ecologlcal Economics, 1958,

AT LR

Source: Anng Platt MeGinn, The Health of Oceans Worldwalch paper 145, Worldwateh Institute, 1958 Washington DG (www.worldwatch.org) | Costanza, R, et al, The Value of the World's
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River loads

15t order control: geology, climate, hydrology, vegetation

2"d order control: human activities
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Reverted in many regions during the ‘Anthropocene’
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Human activities affecting coastal ecosystems:
Temperate regions

Danube — NW Black Sea
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NW Black Sea coastal waters
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Expansion of hypoxia and anoxia zones in the northwest of the Black Sea

Mote: Eutrophication was so strong thal it caused temporary hypmda events on the sea boftom thal resulied lo the mass
mortality of benthic animals in tha redfatively shallow nonheastem Back Saea

Sourca; Y Zaisey and V. Mamaev, Manne biacancal dversily m the Black Sea; A sludy of change and decing, United Mabons
Publications, Mew York, 1537

- Mass mortality of organisms, release of greenhouse gases
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Consequences

e Changes in amount and composition of nutrients
 Eutrophication, hypoxia

* Changes In plankton/benthos communities and
foodweb

e Change/loss of biodiversity
* Release of greenhouse gases

 Change In carbon sequestration
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The global view:

N, P, Si

D Tun Jznnzrjahn 2603
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River — ocean fluxes of nitrogen and phosphorus

Coupling of DIN and DIP inputs

log (DIN) versus log (DIP) regression
8 log (DIN) = 1.21 + 1.02 x log (DIP)
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Figure 2. Model II regression line for log dissolved inorganic nitrogen (DIN) versus log
dissolved inorganic phosphorus (DIP). Note that slope does not differ significantly from

1. Gray triangles represent Land—Ocean Interactions in the Coastal Zone data; open squares
represent data from Meybeck and Ragu (1997). Five large river basins are identified:

(1) Amazon, (2) Congo, (3) Rio de la Plata, (4) Amur, and (5) Changjiang.

Synthesis of data sets from 165 rivers by Smith et al. (2003)

D Tim J=znnzrjahn 2008 Source: S. Smith et al., 2003: Humans, hydrology, and the distribution of inorganic nutrient loading to the ocean.- BioScience 53: 235-245.
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River — ocean fluxes of nitrogen and phosphorus

BIF yield
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N and P inputs have
trebled from the
1970s to the 1990s

Source: S. Smith et al., 2003: Humans, hydrology, and the distribution of inorganic nutrient loading to the ocean.- BioScience 53: 235-245.
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River — ocean fluxes of silicon
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Controls: physical weathering + runoff + runoff temperature

D Tim Jznnzrainn 2003 Source: J. Gaillardet et al., 1999: Global silicate weathering and CO, consumption rates deduced from the chemistry of large rivers.- Chemical Geology 159: 3-30.
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River — ocean fluxes of silicon
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Silicon yield and load is much higher in tropical than in nontropical rivers
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What do we know so far?

* Riverine N and P inputs have trebled globally (1970s — 1990s)

 Si reduced in several nontropical rivers

e Si river load is controlled by physical weathering, runoff and runoff temperature

 Si yield and load is much higher in tropical than in nontropical rivers

 Ecological thresholds (Redfield ratio N/P, Si/N) lead to changes in abundance and
composition of plankton/benthos communities

 Deterioration of water quality: bad living conditions + release of greenhouse gases

Is it valid for the whole planet?
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Human activities affecting coastal ecosystems:
Tropical regions
Kallada River — Ashtamudi estuary, India

Brantas River — Madura Strait, Indonesia



_ f\—\ "Natural and anthropogenic controls of nutrient input to estuaries from temperate to tropical regions
w zmt 'Estuaries in a changing world', 10t IEBS, Xiamen, China, May 18-22, 2008

bremen

Kallada River — Ashtamudi estuary, India
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State of Kerala, India

» Area 38,863 km?, 63 % agriculture
e Population density 819 inh km-2
e 44 small- to medium-sized rivers
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bramaen

Kallada River — Ashtamudi estuary, India
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Kallada River — Ashtamudi estuary, India

Natural and anthropogenic controls of river load

» reduced weathering and erosion because of Precambrian basement
rocks and firm laterite soils, but increased washout/surface runoff
- low TSM (<50 mg I1), low silicate

« crop demand may differ from supply of fertilizer mix (N/P ratio)
—> efficient N uptake, limited P uptake

o less fertilizer application than in other regions
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bremen

Brantas River — Madura Strait, Indonesia
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Brantas River catchment, East Java

e Area 11,800 km?, 55 % agriculture
e Population density 1,249 inh km-2
7 large dams + numerous weirs

D Tim Jznnzrainn 2003 Source: A. Bhat, K. Ramu, K. Kemper, 2005: Institutional and policy analysis of river basin management: The Brantas River basin, East Java, Indonesia. World Bank Policy Research Working Paper No. 3611.
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Brantas River — Madura Strait, Indonesia

Dry season nutrient dynamics
% 2001 « dramatic drop of nitrate in estuary
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Tropical rivers and the global view

Nitrate-N Phosphate-P Silicate-Si N/P Si/N
(10% M km-2 yr-1)

Large tropical rivers 13.1 0.9 81.1 14.6

6.2

Nontropical rivers 23.2 1.6 36.6

DIN 85 47 4
(103 M km-2 yr?1)

DIP 5 3 0.2
(103 M km-2 yr1)

Smith et al. (2003)

D Tun Jznnzrjahn 2603



" /P\ "Natural and anthropogenic controls of nutrient input to estuaries from temperate to tropical regions"
w z H't 'Estuaries in a changing world', 10t IEBS, Xiamen, China, May 18-22, 2008

Thoughts on 'Estuaries in a changing world’

* 'Nutrient pollution' is global, but the biogeochemical and ecological
response of estuaries/coastal seas differs depending on the geographical
variation of natural vs. anthropogenic controls of river loads.

 Ecological thresholds are an important control of the biogeochemical cycling
of elements in estuaries/coastal seas.

» Excess nitrate + low Si/N = reduced uptake - shift from anthropogenically
enhanced C sink to anthropogenically enhanced N,O source?

» Global warming and change in moisture distribution will change Si and
alkalinity inputs - consequences for estuarine biogeochemistry?

» More data and knowledge on processes and fluxes are required from
tropical rivers/estuaries, because major part of the global nutrient input into

the ocean occurs there.
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