
Isotope analysis aids moni-
toring of estuarine nitrogen

Bannon and Roman (2008) investigate the 
practicality of stable nitrogen (N) isotope 
analysis in monitoring salt-marsh ecosys-
tems for changes in wastewater inputs. 
Diff erent nitrogen sources are generally 
associated with diff erent ranges of nitro-
gen-15 concentrations; therefore, analysis 
of N isotope ratios in plant and animal 
tissues reveals the relative contributions of 
nitrogen from the atmosphere and from 
human populations (e.g., sewer overfl ows 
and effl  uent from treated sewage and 
storm sewers).

The investigators sampled saltmarsh cord-
grass (Spartina alternifl ora), sea lettuce 
macroalgae (Ulva lactuca), mummichog 
killifi sh (Fundulus heteroclitus), and ribbed 
marsh mussel (Geukensia demissa) in 
marshes of Cape Cod National Seashore 

(Massachusetts), Fire Island National Sea-
shore (New York), and Gateway National 
Recreation Area (New York). Their goal 
was to identify which species are the most 
sensitive indicators of anthropogenic N 
and to evaluate the feasibility of incor-
porating stable N isotope sampling into 
long-term monitoring programs.

The study found that the mussel and fi sh 
species—consumers—“might be better 
indicators of nutrient source” than the 
plant species. It also found that human 
population, as opposed to residential 
development from land use data, is a 
better predictor of nitrogen derived from 
wastewater because most anthropogenic 
N in the study came from wastewater.

The investigators were also interested in 
determining the necessary sample sizes of 
each organism to detect signifi cant chang-
es in anthropogenic N loading over time. 
They found that 10 samples of cordgrass 
are needed to detect a change of one part 
per thousand in anthropogenic nitrogen. 
For sea lettuce the sample size jumps to 
66, but would reveal changes of ½ part per 
thousand. Only 9 or 10 samples of the kil-
lifi sh and mussel species would be needed 
to detect this same change.

The authors conclude with recommenda-
tions for incorporating this sampling and 
analysis technique into monitoring pro-
grams, stressing a balance between “the 
ability to detect change and the time, cost, 
and eff ort required for sample collection 
and analysis.” They suggest the best blend 
for characterizing an entire marsh-domi-
nated estuarine system is to sample a small 
number of killifi sh and a larger number of 
cordgrass.
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2008) is available online and includes sum-
maries of economic impacts for 356 park 
units and the national aggregate analysis.

Managers from national park units have 
indicated that the MGM2 has utility not only 
as an assessment tool but also as a public 
relations tool, useful for engaging local com-
munities and elected offi  cials and decision 
makers (e.g., mayors, county commissioners, 
planners) as verifi cation of the impact of 
NPS facilities and programs in relation to the 
local economy. They have also indicated that 
repeated applications of the MGM2 can be 
useful for comparing economic impact data 
over time and to gauge changes in relation to 
particular management actions or policies. 
Results from the MGM2 can also be used 
to inform future program planning and ad-
ditional economic studies relevant to NPS 
presence in the community.

For more information
Money Generation Model Web site
http://web4.msue.msu.edu/mgm2/default.htm
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