
Ecosystem-Level Processes

• Primary Productivity (& nutrients)

• Secondary Productivity

• Decomposition

• Production:Respiration

• Production:Biomass

• Food Web Complexity (energy transfer)

• Nutrient Cycling

• Biodiversity

• Resistance/Resilience to disturbance



Auclair 1976

What is it? 

How does Net Primary 
Production differ from 
primary production?

How (and when) is it 
measured?

Whole system, water 
column, or plant production?

Primary Production



Primary Production

Whittaker & Likens 1973



Cypress swamp flow exposure NPP (g/m2/yr)

Stagnant (cypress domes in Florida) 192

Cypress domes in a riverine system (Florida) 600

Very slowly flowing water (Okefenokee Swamp, 
Georgia)

692

Riverine edge strand (Big Cypress Swamp, Florida) 1170

Semiriverine with seasonal flooding (des Allemands 
Swamp, Louisiana)

1140

Hydrology and Primary Productivity

From Conner & Day, 1976; Gosselink & Turner, 1978



Wetland type NPP (g/m2/yr)
Northern bog 560
Inland fresh marsh 1980
Tidal fresh marsh 1370
Salt marsh 1950
Riparian forest 1040
Mangal 1500

Primary 
Production

% organic P N K Mg
Stand crop 0.77 0.76 0.66 0.58 0.67
% organic 1 0.77 0.57 0.5 0.51
P 1 0.72 0.56 0.66
N 1 0.53 0.63
K 0.70
Mg 1

M&G 2000

Gaudet 1993

Correlation matrix of 
major nutrients in 
soils from many 
wetlands in NE North 
America



Fertility gradients

 Low end of gradient:
◦ Ombrotrophic bogs

 Upper end of gradient
◦ Floodplain and deltaic swamps

 Spatial heterogeneity attributed to local 
features
◦ Sandy vs silty clay, vs clay soils
◦ Coarse vs fine sediments



N, P, K, C, micronutrients
Limiting Nutrients

Plants: N:P < 14 may mean N limitation
N:P > 16 may indicate P limitation
N:P 14-16 may indicate co-limitation

Verhoeven et al. 1996 

“Typical” experimental design:

Treatment Tests for 
Nothing added Control
N addition N limitation
P addition P limitation
N+P addition Co-limitation
(K is sometimes also tested)



Controls on fertility and production

Site Mean N Mean P Mean N:P Observ-
ations (n)

Bogs 1.16b 0.05b 24.1a 26

Poor fens 1.35b 0.07b 24.1a 14

Mod-rich fens 1.88a 0.08ab 26.8a 15

Rich fens 1.98a 0.09ab 23.0a 23

Marshes 1.41b 0.25a 8.7b 5

Swamps 1.28b 0.09a 14.6ab 26

Organic soils 1.59c 0.08d 22.7c 98

Mineral soils 0.62d 0.13d 8.8d 11

Bedford et al. 1999

N, P, and N:P of wetland surface soils



N:P ratios from plants & plant litter among wetland types

Bedford et al. 1999

Limiting Nutrients

N:P < 14 may mean N limitation
N:P > 16 may indicate P limitation
N:P 14-16 may indicate co-limitation



Limiting Nutrients

Habitat N P K N + P N + K P + K

Wet grassland 3 0 2 0 4 0

Wet heath 0 3 0 0 0 0

Rich fen (pH>5.5) 7 5 0 0 0 0

Poor fen (pH 4-5.5) 2 1 0 0 0 0

Litter fen 1 2 0 1 0 0

Bog (pH<4) 1 3 1 0 0 0

Interdunal 5 2 0 2 0 0

Total (45 sites) 19 16 3 3 4 0
Verhoeven et al. 1996

Number of sites limited by each nutrient or combination of nutrients
(determined by biomass measurements in fertilization experiments)



Forested Wetland Characteristics Vary with 
Flood Characteristics

From: Mitsch, Taylor & Benson. 1991. Estimating primary productivity 
of forested wetland communities in different hydrologic landscapes.
Landscape Ecology 5(2):75-92. 



From: Mitsch, Taylor, & Benson 1991. Estimating primary productivity 
of forested wetland communities in different hydrologic landscapes.
Landscape Ecology 5(2):75-92. 

Litterfall



Productivity in forested wetlands

From: Mitsch, Taylor, & Benson 1991. Estimating primary productivity 
of forested wetland communities in different hydrologic landscapes.
Landscape Ecology 5(2):75-92. 



Productivity Summary & Conclusions
Peatlands: pH-alkalinity and nutrient gradients, including N vs. P 
limitation shifts
N limitation: primarily for marshes
P limitation: predominates in swamps, fens, and bogs

Gopal et al. 1990



Eutrophication

World Resources Institute 1992

Nitrate concentration in river water vs 
population density in watershed

Wisheu & Keddy 1992, Ellenberg 1985

Occurrence of threatened 
and non-threatened plants 
vs. N concentration



Mechanism for decline in macrophyte community

Keddy 2000



Elements Human Avg wetl 
plant

Copepod Bacteria

C 19.4 41.1 6.1 12.1
H 9.3 v. low 10.2 9.9
N 5.1 2.3 1.5 3.0
O 62.8 v. low 80 73.7
P 0.6 0.3 0.1 0.6
S 0.6 0.4 0.1 0.3

Morowitz 1968, Boyd 1978, Junk 1983, Keddy 2000

Nutrient Limitation and Animals

Atomic composition of typical organisms



Decomposition

http://www.nwrc.usgs.gov/wdb/pub/wmh/13_3_14.pdf



Decomposition Rates

http://www.nwrc.usgs.gov/wdb/pub/wmh/13_3_14.pdf




