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surveys from 1984 to the early 1990s. After 1990, STP
upgrades reduced point source nitrogen loads delivered to
the creek from 360 kg N/day in 1990 to 50 kg N/day by
1995 (further reductions began in 2000). Coinciding with

these reductions, SAV reappeared in the aerial surveys of
Mattawoman Creek in the 1990s and then expanded rap-
idly to cover 40–50% of the creek area by 2002 (Fig. 3b)
(Boynton et al. 2014).

Fig. 2 a Effect of dominant land use on SAV abundance (as in Li et al.
2007 but with updates from Patrick et al. 2014); b A path diagram show-
ing the direct and indirect controls on SAV abundance (redrawn from

Lefcheck et al. 2018); Average annual nitrogen concentration (c) and
phosphorus concentration (d) in the different salinity zones—1984 to
2015 (redrawn from Lefcheck et al. 2018)
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The upper tidal Potomac River was once one of the
most polluted rivers in the country, and SAV had not
been observed there since the early 1900s. In 1980, a
nitrification process was implemented to reduce nitrogen
discharges from the Blue Plains Advanced Waste Water
Treatment Plant, which is the largest plant on the
Potomac (and the largest of its kind in the world, man-
aging 300M–1B gallons of effluent per day). Phosphorus
effluent filters were installed in 1982, and a nitrification-
denitrification system was added between 1998 and

2001. These improvements significantly reduced nitrogen
loads, and there was a remarkable recovery in SAV be-
ginning in the early 1990s (Fig. 3c) (Ruhl and Rybicki
2010).

The SAV resurgences in these examples are undoubtedly
linked to the reductions in the wastewater nutrient discharges
via a cause-and-effect chain that includes reduced estuary nu-
trient concentrations, reduced algal biomass, and improved
water clarity (Ruhl and Rybicki 2010; Boynton et al. 2014;
Lefcheck et al. 2018).

Fig. 3 SAVabundance versus
reduction in nitrogen loads due to
sewage treatment plant
improvements in (a) Upper
Patuxent River (reprinted from
Orth et al. 2010a); (b)
Mattawoman Creek (reprinted
from Boynton et al. 2014); and (c)
Upper Potomac River

Estuaries and Coasts


