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Abstract. We present estimates of total nitrogen and total phosphorus fluxes in rivers to the
North Atlantic Ocean from 14 regions in North America, South America, Europe, and Africa
which collectively comprise the drainage basins to the North Atlantic. The Amazon basin
dominates the overall phosphorus flux and has the highest phosphorus flux per area. The total
nitrogen flux from the Amazon is also Iarge. contributing 3.3 Tg yr~" out of a total for the
entire North Atlantic region of 13.1 Tg yr=". On a per area basis, however, the largest nitrogen
fluxes are found in the highly disturbed watersheds around the North Sea, in northwestern
Europe, and in the northeastern U.S., all of which have riverine nitrogen fluxes greater than
1,000 kg N km=2 yr~'.

Non-point sources of nitrogen dominate riverine fluxes to the coast in all regions. River
Nuxes of total nitrogen from the temperate regions of the North Atlantic basin are correlated
with population density, as has been observed previously for fluxes of nitrate in the world’s
major rivers. However, more striking is a strong linear correlation between river fluxes of total
nitrogen and the sum of anthropogenically-derived nitrogen inputs to the tlemperate regions
(fentilizer application, human-induced increases in atmospheric deposition of oxidized forms
of nitrogen, fixation by leguminous crops, and the import/export of nitrogen in agricultural
products). On average, regional nitrogen fluxes in rivers are only 25% of these anthropogeni-
cally derived nitrogen inputs. Denitrification in wetlands and aquatic ecosystems is probably
the dominant sink, with storage in forests perhaps also of importance. Storage of nitrogen in
groundwater, although of importance in some localities, is a very small sink for nitrogen inputs
in all regions. Agricultural sources of nitrogen dominate inputs in many regions, particularly
the Mississippi basin and the North Sea drainages. Deposition of oxidized nitrogen, primarily
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of industrial origin, is the major control over river nitrogen export in some regions such as the
northeastern U.S.

Using data from relatively pristine areas as an index of change, we estimate that riverine
nitrogen fluxes in many of the temperate regions have increased from pre-industrial times
by 2 to 20 fold, although some regions such as northern Canada are relatively unchanged.
Fluxes from the most disturbed region, the North Sea drainages, have increased by 6 to 20
fold. Fluxes from the Amazon basin are also at least 2 to 5 fold greater than estimated fluxes
from undisturbed temperate-zone regions, despite low population density and low inputs of
anthropogenic nitrogen to the region. This suggests that natural riverine nitrogen fluxes in
the tropics may be significantly greater than in the temperate zone. However, deforestation
may be contributing to the tropical fluxes. In either case, projected increases in fertilizer use
and atmospheric deposition in the coming decades are likely to cause dramatic increases in
nitrogen loading to many tropical river systems.

Introduction

Human activity has greatly altered the nitrogen cycle on land, in aquatic
systems, and in the atmosphere (Berner & Bemer 1987; Galloway etal. 1995).
Currently, global fixation of atmospheric Ny for fertilizer, in combustion of
fossil fuels, and by leguminous crops exceeds that by all natural sources,
and changes in land use cause large additional amounts of nitrogen to be
released from long-term reservoirs in both vegetation and soil (Vitousek
1994). These disturbances have been linked to a number of environmental
concemns, including coastal eutrophication (Howarth 1988; Nixon 1992, 1995;
National Research Council 1993; Gabric & Bell 1993; Paerl 1993; Justic et al.
1995: Rabalais et al., in press), acidification of freshwater lakes and streams
(Driscoll et al. 1987; Henriksen & Brakke 1988; Kelly et al. 1990; Murdoch
& Stoddard 1992), forest decline (Schulze 1989), climate change (Keller et
al. 1986; Khalil & Rasmussen, 1992; Vitousek & Matson 1993), and shifts
in community structure (Tilman 1984; Crabtree & Bazzaz 1993; Bowman et
al. 1995) and in ecosystem function (McNulty et al. 1991; Aber et al. 1993;
Burton et al. 1993; Neff et al. 1994). Accelerated nitrogen cycling has also
been suggested to increase the sequestration of carbon in forests, slowing
the rise of atmospheric carbon dioxide (Schindler & Bayley 1993). However,
gaps in our understanding of nitrogen dynamics over large spatial scales often
limit our ability to clearly identify the areas of greatest concern, and to predict
the response of systems to future change.

The foundations of ecosystem ecology and biogeochemistry are based in
part on studies of small-scale watersheds. Much less attention has been given
to evaluating material fluxes through the landscape at larger scales, and we are
only beginning to understand the rules that govern regional exchanges of nitro-
gen between atmospheric, terrestrial and aquatic systems. These exchanges
may be especially crucial to the functioning of freshwater and coastal ecosys-







