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approaches to understand catchment function (e.g., Mitchell 
et al. 2011). Further, assessment of the role of N deposition 
in influencing the N saturation status of forest ecosystems is 
reliant upon accurate input measurements. The occurrence 
of N saturation in many forest ecosystems has prompted 
considerable interest among ecologists and land manag-
ers to determine both the rate of atmospheric inputs across 
broad spatial scales, since they are the ultimate drivers of 
saturation, and the N saturation status of these systems. 
While there are published S and N deposition estimates for 
the northeastern US that show patterns of deposition over 
broad spatial scales (kilometers), they cannot account for 
finer-scale (tens to hundreds of meters) spatial differences 
in deposition (Ollinger et al. 1993; Weathers et al. 2006). 
Recently, Weathers et al. (2006) developed an empirical 
model to predict total deposition based on such landscape 
features as elevation and vegetation type. This model, built 
on measurements made in Acadia and Great Smoky Moun-
tains National Parks, shows that total deposition can vary 
tenfold over tens of meters and is greater than what is pre-
dicted by monitoring stations and existing deposition mod-
els (Weathers et al. 2006). These results suggest that deter-
mining rates of atmospheric deposition on scales finer than 

http://www.epa.gov/castnet/deposition.html
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produced by the bacteria was measured on a SerCon Cryo-
prep trace gas concentration system interfaced to a PDZ 
Europa 20–20 isotope ratio mass spectrometer (SerCon, 
Cheshire, UK) at the University of California Davis Stable 
Isotope Facility. We used US Geological Survey standards 
nos. 32, 34 and 35.

We estimated the relative contributions of atmospheric 
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Within Lye Brook, throughfall fluxes of NO−

3  and S 
were significantly greater below coniferous than decidu-
ous stands (P < 0.05; Table 1). In the White Mountains, 
throughfall fluxes of NO−

3  were greater below deciduous 
than coniferous stands, while throughfall fluxes of S were 
greater below coniferous than deciduous stands (P < 0.05; 
Table 1). There were no significant differences in through-
fall 
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over the past decades, though the mechanisms behind this 
decline are still unclear (Goodale et al. 2003; Bernhardt et al. 
2005; Bernal et al. 2012; Yanai et al. 2013).

Our observations of relatively low N leaching from Lye 
Brook and White Mountain sites support other studies 
showing some northeastern US forests in relatively undis-
turbed areas to have a greater capacity to retain chronic 
atmospheric N inputs (Driscoll et al. 2003, 2007; Ditt-
man et al. 2007) than earlier predicted (Aber et al. 1989, 
1998). In a survey across the northeastern US, Aber et al. 
(2003) found that NO−

3  leaching increased only above a 
threshold atmospheric deposition rate of 8 kg ha−1 year−1, 
which is above the rates measured in our study (Table 1). 
While the critical load [the amount of a pollutant above 
which causes detrimental effects on a particular organism 
or ecosystem process; after Pardo et al. (2011)] for stream 
N is not exceeded in our Lye Brook and White Mountain 
sites, the critical loads for other facets of these northern 
forested ecosystems have been exceeded, including for 
growth and survival of some tree species (critical load is 
>3 kg N ha−1 year−1) and epiphytic lichen [critical load 
between 4 and 6 kg N ha−1 year−1 (Pardo et al. 2011)].

The lack of N saturation observed in the forests we stud-
ied is in contrast to other rural forests of the eastern US 
including the Catskill Mountains of New York (Burns et al. 
2006; but see Lovett et al. 2000) and Fernow Experimental 
Forest in West Virginia (Peterjohn et al. 1996; Adams et al. 
2006) where rates of atmospheric N deposition are consid-
erably higher [>10 kg N ha−1 year−1 (Weathers et al. 2000, 
2006)] and NO−

3  export in streams has increased over the last 
two decades. Our observations are also in contrast to urban 
areas of the northeastern US which show signs of N satu-
ration via high levels of N leaching. Further, some of these 
urban sites have natural abundance 18O values indicative of 
NO−

3  passing through soil solution directly from the atmos-
phere without being biologically produced (Rao et al. 2014).

In the past, researchers considered N saturation as a phe-
nomenon that occurs only after all biotic and abiotic sinks 
are overwhelmed (Agren and Bosatta 1988; Aber et al. 
1989, 2003). It has become increasingly recognized that 
N losses to streams can occur simultaneously with uptake 
by biota and retention on exchange sites in soils (Lovett 
and Goodale 2011; Templer and McCann 2010; Rao et al. 
2014). Results from our study suggest that watersheds in 
both Lye Brook and at the White Mountain Wilderness 
areas are not N saturated according to either new or old cri-
teria. However, we cannot distinguish between 
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