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Studies over the last three decades have cleanipuigtrated that land use has direct and
indirect impacts on watershed hydrology, water ifpadtream characteristics, aquatic habitat,
macroinvertebrates, and fish (e.g., referencegawB et al., 2005 and Hughes et al., 2006,
DeGasperi et al. 2009). Although the exact medmasifor these impacts at specific sites is not
always immediately obvious, the impacts have besnahstrated to be due to altered hydrology
and its attendant water quality and aquatic hgtliath at the individual site and at the watershed
scale. The two books cited in this paragraph ¢omteore than 1,000 pages of peer-reviewed
manuscripts reporting the results of dozens ofistuckcently conducted throughout the United
States. There are hundreds of other recent maptsson this topic, some of which are cited
here. It is the intent of this short paper to deva summary of the effects of land use on the
aguatic environment, and in doing so, a relatiwgshall number of books and manuscripts has
been cited. Some additional resources are comtamine Other References section. Inherent to
land use is the fact that humans alter the hydyotdgvatersheds.

Degradations in the hydrology (DeGasperi et al.9206hannel morphology (e.g.,
Konrad et al., 2005), water quality (Morse and K&0l03), macroinvertebrates (Morse et al.,
2003) and fish (e.g., Deacon et al., 2005; Kenneth. €2005; Walters et al., 2005; Stranko, et
al., 2008) are common with increasing imperviowsaawrithin a watershed. Overall, channel
morphology and aquatic habitat become less divergeent and pollutant levels in streams
increase, and macroinvertebrate and fish commarstigt from those species that require high
quality water to those that can tolerate degrada@mquality and habitat conditions. Watershed
hydrology is altered and culminates in a greaqgdency and intensity of high flow events, such
as floods (DeGasperi et al. 2009). Additionaltyeam channels typically become larger in
response to increased impervious area in a watérahd this occurs though stream bed and
bank erosion, which can directly affect privatedawners and public infrastructure, such as the
very roads that are part of the total imperviowsaar

Most studies have identified impervious surfacea gaantifiable attribute of land use
that is clearly linked to degradation of water égyabquatic habitat and biota (e.g., Stranko gt al
2008; references in Brown et al., 2005 and Hughe,e2006). As more studies have been
conducted throughout the United States and aldteim Hampshire (see Deacon et al., 2005 and
Madorma, 1997), the threshold at which imperviau$ases have been shown to cause impacts
to stream channels, water quality and biota is e#eéi?6 (e.g., Wang and Kanehl 2003; Stranko
et al, 2008, who showed that wild brook trout wesenpletely eliminated from watersheds in
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which the impervious surfaces were only 4% of titaltwatershed area), although 10% has also
been reported as a general threshold by an esdiemary report (CWP, 2003). Additionally,
the impacts occur quite rapidly, on the order deaade or perhaps even more quickly (Stranko
et al, 2008). An important factor associated witpervious surfaces in New Hampshire is
winter maintenance and the use of salt, calciuraradd and sodium chloride, on roads.
Madorma (1997) found in the Waukewan Watersheceiriral New Hampshire that water
quality degradation in surface waters was strogglyelated to the density of locally maintained
roads (likely due to the use of road salt). LakauRkéwan serves as the public drinking water
supply for the Town of Meredith, and the study wasducted in part to determine what can be
done to protect this important public water suppiyie USEPA has criteria for chloride
concentrations in receiving waters, and routinbfse standards are violated by stormwater
runoff (Houle, 2008). A striking example of curt@onditions in New Hampshire is the level of
impervious surfaces in forty-two coastal towns. tigf fifty HUC-12 watersheds (typically about
10,000 acres each) within those towns, 30 (60%pdly exceed the threshold of 4% impervious
surfaces, and 13 (26%) exceed the threshold of itf®érvious surfaces (Justice and Rubin,
2006). Additionally, Deacon et al., 2005, who staiden streams in coastal New Hampshire,
found that the percent urban land (similar to teénition of impervious surfaces) within 25
meters of study streams was negatively correlaiddwater quality, aquatic habitat and
macroinvertebrates, thereby demonstrating the vaflugarian buffers to protect these
attributes. The value of riparian buffers to wageality and aquatic habitat has been
demonstrated in many other studies. For exammpleg8ey et al (2004) demonstrated that
riparian forests are necessary for the retentiamtafgen within streams, and thus they preclude
the movement of nitrogen to downstream ecosystérhgy concluded that this is extremely
important relative to very large and commerciathportant ecosystems such as the Chesapeake
Bay, which has been plagued by high nutrient prokléor decades, and this has in turn caused
severe economic damage to a number of importamriiss (e.g., blue crab). Sobota (2007) and
Warren et al. (2007) also demonstrated the impoetan riparian buffers in terms of both
nutrient retention within streams and aquatic labitn Warren et al. (2007), more phosphate
was retained within streams with older ripariarekis, and those streams had more wood within
the stream, which created greater aquatic hahitatsity. In a study in Georgia, Walters (2002)
found that the species richness, density, and f@ewa of pollution-intolerant and endemic
(native only to that area) species declined wittaarland cover, with the greatest effects
occurring in streams with >15% urbanization. Tésulting fish communities were dominated
by sunfish species that are tolerant of pollutiod have only very general habitat requirements.

Recent and current stormwater regulations mayagirotective of water quality, aquatic
habitat, and biota (Stranko et al, 2008; referemt@&own et al., 2005 and Hughes et al., 2006)
because individual lots are often not regulatedtna? to stormwater. Because of this, land use
activities cumulatively can and do lead to highealpflood flows and increased flooding (Coles
et. al., 2004; NRC, 2009), which can ultimately aopthe public and infrastructure, and also
aquatic habitat and organisms. The increased fieeak as well as the increased duration of
peak flows often lead to stream channel enlargeeafor incision, which is manifested by
streambank and streambed erosion due to the aligdedlogy (Konrad et al, 2005).

Eroding streambanks are a loss of land to privatddwners and can threaten private and public
infrastructure (e.g., roads, culverts, bridges,esswpipelines, and buildings). Armoring an
eroding bank may provide stabilization at the sjpesite, but may simply transfer the stream's
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energy upstream or downstream to abutting propseatiel streambanks (Biedenharn, et. al,
1997). From biological and water quality perspexdi the intentional hardening of streambanks
themselves is a poor substitute for natural, vegdtaparian buffers as the riparian vegetation
provides shading, organic matter and food (e.gedts) to fish and other animals in a stream and
it serves to reduce nutrient inputs to the strehamoel and instream nutrient processing (e.g.,
Warren et al., 2007). When channels incise (edmyen into the landscape), the finer sediments
are removed and larger sediment is left behin@céffely armoring the channel bed. The
armored bed is often poor aquatic habitat. Theltre$ channel widening and incising, in
response to poor stormwater management practgdsti streams lose their characteristic pools
and riffles (Booth, 1991, Sovern, et. al., 199Tjcised streams may be unable to fill floodplain
wetlands in normal wet years, and therefore, thedfiwaters simply move downstream faster
and cause higher flood levels downstream. An uo@d}yet important aspect of incising
streams is that this affects groundwater. Straarfew Hampshire generally control
groundwater levels nearby. Therefore the loweistreambed, the lower the water level in the
stream and thus the lower the groundwater levedsghryye This results in dewatered wetlands as
well as reduced soil moisture available for flo@plplants. Groundwater serves as the
domestic water supply for at least 60% of the Neamidshire population (NHDES Drinking
Water and Groundwater Bureau data) and therefangpiing the groundwater can have
consequences on the very urban populations thatiectehe problem.
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