
Sources are complex
and many - how to tell
which is going where?

e.g., LAND

“Heterotrophy”
(get food from others)
or Secondary Production
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Belize

PHYTOPLANKTON

One approach - isotopes of elements in organic matter

U R what U eat
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3 half-and-half splits to remember

I. What organisms consume organic matter?

At kingdom level,

~ 1/2 to microbes
~ 1/2 to metazoans
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II. During heterotrophy, carbon goes roughly

~ 1/2 to respiration (catabolism)
~ 1/2 to biomass production (anabolism)

Physiologists usually keep them apart.

Oceanographers, ecologists, fisheries folk 
often assess secondary production as 
respiration for microbes and biomass 
accumulation for animals.
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III. Where does the consumption take place?

~ 1/2 in the water column 
~ 1/2 in the benthos

true for phytoplankton production alone;
hence probably even more goes to benthos

with benthic primary production taken into account
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Oxygen consumption as measure  -  CO2 + H2O  <--> CH2O + O2
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Heterotrophy > Autotrophy
in many (most?) estuarine systems

CO2 + H2O  <--> CH2O + O2

Heterotrophy at the ecosystem level - how could that be?
7Wednesday, May 18, 2011



Remember this plot? Shows the same thing
Heterotrophy inside, autotrophy outside
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Terrestrial subsidies
explain heterotrophy > autotrophy

open system

Also, CO2 released in estuarine sediments
often shows partial terrestrial origin
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Algae decay more quickly than vascular plant detritus
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Expose slowly decaying estuarine, vascular detritus
to estuarine circulation -
what will happen?

Importance is controversial 

Open
System
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Hypoxia/Anoxia - often driven by
 microbial and stratification processes

f(loading, stratification, sill at mouth)
http://www.es.flinders.edu.au/~mattom/ShelfCoast/chapter13.html

Salinity and oxygen in central South West Arm of Port Hacking, Sydney, during 1974 - 1977. The top figure shows rainfall at a 
meteorological station close to the catchment area of South West Arm creek. The salinity of the lower layer remains close to 35 throughout 
the entire period. The upper layer responds quickly to freshwater input from rain, when the salinity can drop to less than 30. During these 
periods the estuary develops a sharp interface between the two layers and displays the structure of a salt wedge or highly stratified estuary.
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After O2 is gone, complex microbial communities appear.
So goes the “half” of primary production in sediments.
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Denitrification
an especially important microbial
form of respiration in estuaries

using NO3 instead of O2
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Denitrification can
inactivate (--> N2)
significant fractions of
nitrate in estuaries
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note upward curvature - 
more productive systems are more efficient

Biomass production
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Estuaries are (relatively) efficient at producing fish

Nixon SW (1988) Limnol. Oceanogr. 33:1005
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Support for high levels of the food chain 
goes even higher than fish,

and across ecosystems in both directions
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Benthic fauna

Physiologically, estuaries are a tough neighborhood
(for any single organism)
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Estuaries thus serve as 
temporary life habitats 

for many species.

For nutritional and 
refugium reasons
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Animal movement
in estuarine flow
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Tidal Stream Transport
interacts with tide,

light, and stratification
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Clearance time = (estuarine water volume)/(# of filter feeders/water filtration rate per filter feeder)
Residence time = overall water residence time
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