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Figure 11. Overpumping from large-capacity municipal wells, such as those in the 
Pamet flow lens, can result in lateral encroachment and upconing of saltwater (modified 
from Strahler, 1972). 

nearly 2,500 acres of original salt-marsh estuaries on 
Lower Cape Cod (fig. 1) (Roman and others, 1995).  As 
a result, NPS and other Federal, State, and local resource 
managers are assessing the potential hydrologic and 
ecological effects of removing tide-control structures and 
monitoring the results of ongoing restoration at Hatches 
and East Harbors to determine whether these marshes 
are returning to their natural state. 

Effects on Estuarine Habitats
With the installation of large culverts in the Hatches 

Harbor tide-control structure (Provincetown, MA) in 
1998, tidal range has been mostly restored after 68 years 
of diking.  Seawater is again flooding the wetlands 
during high tides, causing the decline of exotic and 
invasive plants, especially common reed (Phragmites), 
and the recolonization of the marsh by native salt-marsh 
plants and animals.  In addition, better low-tide drainage 
and tidal flushing have naturally controlled mosquitoes 
(Portnoy and others, 2003).

With partial tidal restoration at East Harbor (Pilgrim 
Lake, fig. 1) in 2002, nuisance midges and introduced 
carp have been replaced by a rich assemblage of native 
estuarine finfish, shellfish, and submerged aquatic veg-
etation, such as widgeon grass and eelgrass.   

This system, diked since 1868, had chronic eutrophica-
tion, summertime oxygen depletions, and nuisance insect 
problems for decades prior to the 2002 partial opening.  

The largest diked estuary on the Lower Cape is 
the Herring River (Wellfleet, MA).  Restoration of 
this estuary, tide-restricted since 1909, is expected to 
eliminate water-quality problems, and also to restore up 
to 1,100 acres of native salt-marsh estuary (Roman and 
others, 1995). 

Presently, much of this marsh is constantly drained, 
leading to the leaching of acid sulfates and metals, 
which in turn stresses fish and other aquatic animals, 
and favors nuisance mosquitoes.  Drainage has also 
allowed trees and shrubs to replace original salt-marsh 
plants, and has caused the original water-logged peat 
to shrink and subside.  Wetland subsidence combined 
with sea-level rise may prohibit long-term wetland 
survival.  Hydrologic and ecological research has shown 
that restored tidal flow can reverse these trends and 
restore native habitats (Portnoy, 1999; Spaulding and 
Grilli, 2001; Portnoy and others, 2003).  Finally, tidal 
restoration of the upper Pamet River (fig. 1) marshes, 
diked since about 1869, has been considered, particularly 
after a 1991 breach of the barrier beach separating the 
Pamet River from the Atlantic Ocean (Portnoy, 2001).

SALTWATERSALTWATER

WATER TABLE

SALTWATER

BEDROCK

Schematic diagram, not to scale

PUMPING
WELLS

FRESHWATERPUMPING
WELLS

FRESHWATER


