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Overview

This document provides an introduction to the environmental effects of docks and marinas, with an emphasis on intertidal salt marshes such as are found in the Southeastern US.  Below we describe studies undertaken to determine how docks and associated boating activity may affect coastal marsh vegetation, water quality, and the physical environment (i.e. water flow, changes in the sediment).  The effects of upstream development on these environmental factors are also briefly discussed, because it can be difficult to separate the specific effects of docks from the more general effects of development.  This is followed by a conceptual diagram that shows the relationships among the various factors described in the text and highlights those interactions that appear to be most important.  At the end of the document there is a bibliography and other resource information, and an Appendix with information on environmental mitigation strategies for docks.  
1. Docks and Marinas
A. Effects on Vegetation
Salt marsh cordgrass (Spartina alterniflora) is the major marsh species affected by docks and marinas in Georgia.  The literature on coastal marshes goes well beyond the scope of this document, but they serve as the base of the food web, filter and process nutrients and contaminants, protect against erosion, and provide important habitat for fish and shellfish.  
1. Dock construction – Compaction of the marsh surface (with heavy equipment), ‘jetting’ to install pilings, storage of construction materials on the marsh surface, and trampling of the vegetation can all destroy marsh grasses during dock construction (Bliven 2005, Sanger and Holland 2002).  This effect may be temporary: Sanger and Holland observed recovery from construction damage after 15 months in South Carolina, but they recommended the State consider working with dock builders to identify ways to minimize construction damage and speed up the recovery process.
2. Established docks – 
a. changes in plants:  The presence of a dock can block the amount of light that reaches the underlying area, which can lead to a reduction in plant density (the number of plants per unit area).  Studies have been carried out to determine the reduction in the number of stems of Spartina alterniflora found growing under docks in several states.  In two studies on Wilmington Island, Alexander and Robinson (2004, 2005) found that stem density was reduced by 50% and 56% directly beneath dock structures.  A similar study in South Carolina found a 71% reduction in stem density beneath docks (Sanger and Holland 2002) whereas a study in Virginia found a 65% reduction (McGuire 1990). 
Although the number of plants beneath docks will decrease, some studies have found an increase in plant height.  This was seen in the Wilmington Island study, at least for “tall-form” Spartina
: plants under docks were taller than those nearby (Alexander and Robinson 2005).  However, since there were fewer plants under the docks the total amount of plant material was usually lower or the same under docks as compared to reference sites.  Overall, they found an average 21% reduction in the total amount of plant material under docks, with the greatest effect on tall-form plants located near the creek edge.  

i. secondary effects – A reduction in the number of plants under docks can also have secondary effects.  Fewer plants can lead to increased soil erosion (Kearney et al. 1983).  Reduced plant density also means a decrease in the amount of food available to the animals in the marsh.  Alexander and Robinson (2005) did a preliminary calculation for Wilmington Island in which they estimated that maximum build-out could reduce the available organic carbon by 2%.  It is unclear how this change would affect the production of fish, shrimp, and other marsh animals.  

A study in Connecticut found that shading affected the type of marsh plants found under docks: shading-associated losses resulted in the formation salt pannes under docks because salt evaporated on the surface of the nearly bare mud (Kearney et al. 1983).  This change resulted in the ingrowth of Salicornia species (pickelweed) in areas that had previously had Spartina.  It is interesting to note that high salinity conditions create a higher light demand for Spartina alterniflora (McGuire 1990), so drought or other factors that lead to increased salinity might make the marsh grass more susceptible to the effects of shading.
ii. Cumulative effects – The cumulative effects of docks are difficult to estimate: this has been identified as a priority research need by the National Centers for Coastal Ocean Science (Kelty and Bliven 2003).  In order to sum the cumulative effects of docks, both Sanger and Holland (2002) and Alexander and Robinson (2004) calculated the total proportion of the marsh that experiences shading under various scenarios.  Under most of these scenarios, docks directly shade less than 2% of the marsh.  On Wilmington Island, Alexander and Robinson (2004) estimated that 4-6% of the marsh would experience shading if all allowable docks were built to current Georgia specifications.  

b. factors that affect shading: Dock height, orientation, and dock width are all factors that can potentially affect salt marsh vegetation density, although the results of different studies are not consistent.  Kearney et al. (1983) found that dock height affects plant growth in a Connecticut marsh, whereas width and spacing were not important.  Dock orientation did not seem to be important in South Carolina (Sanger and Holland 2002), and it may be that these effects are latitude-specific (Alexander and Robinson 2004).  Shading can be reduced under some conditions with deck construction techniques (using grids instead of solid planks, adding prisms, increasing plank spacing).  Therefore, some control of the shading problem can be addressed with engineering solutions.  Plank spacing and grids were not as successful in reducing shading effects in New England as in lower latitudes (such as Florida) (NMFS, pers. comm., referenced in Kelty and Bliven 2003).    
B. Effects on Water Quality

There are a few ways in which docks and marinas can affect water quality.  The most significant concern is leaching of chemicals from the pilings and decking materials used in construction and maintenance of the structures.  
1. Chromated copper arsenate – Pressure-treated lumber, which is treated with chromated copper arsenate (CCA), is very common for construction of both the submerged pilings and the decking of piers and elevated walkways.  The effect of these three metals (chromium, copper, and arsenic) in the marine environment depends on many factors: concentration of CCA used in the wood treatment, whether the wood is immersed (and for how long), sediment characteristics, the presence of vegetation and benthic organisms, and the mixing and flushing properties of the water body (Weis et al. 1998; Weis and Weis 2002; Kelty and Bliven 2003; Sanger and Holland 2002).  
Dilution reduces the likelihood that metals will cause a large problem, particularly in well-flushed areas.  Leaching is fairly rapid in sea water: most leaching occurs in the first week for submerged structures, with 99% gone after 3 months  (Cooper 1990, Brooks 1990, as reported in Sanger and Holland 2002).  Studies in South Carolina found no evidence for increases in copper, chromium, or arsenic in samples of sediments near docks (Wendt et al. 1996).  Oysters attached to dock pilings had concentrations of copper about twice those from reference areas, but this did not affect their condition.  Mummichogs (killifish), mud snails, juvenile red drum and juvenile white shrimp exposed to 5- to 12-month old CCA dock pilings for 96 hours showed no measurable difference in survival compared to controls, and the study concluded that the lack of an effect was likely due to the high tidal flushing in the area.  
Metals released from CCA-treated wood can have an effect on the environment, however.  They tend to accumulate more in fine sediments (silt, clay) as opposed to sands (Bliven 2005), and measurable amounts of these compounds can be seen near structures such as bulkheads, or recently installed pilings.  Snails fed on algae grown on CCA-treated wood eventually died and oysters living on CCA-treated bulkheads were smaller than controls and had measurable amounts of copper in their tissue suggesting that CCA does enter the marine food web (Weis and Weis, summarized in Kelty and Bliven 2003).  
2. Other contaminants – Paints and stains used for dock maintenance also pose environmental problems, and the practice of coating docks is discouraged by some agencies (Maine State Planning Office, cited in Bliven 2005).  Pilings treated with demonstrably toxic creosote or pentachlorophenol are no longer used in most coastal areas.  
C. Effects on the Physical Environment
1. Construction effects – As noted above, dock construction effects (especially pile driving), can lead to at least a temporary loss of vegetation and sediment compaction.  This type of disturbance can be exacerbated in situations where the area under or next to the dock is used for storage of boats or other materials.  
2. Changes in flow patterns – Dock structures themselves change water flow patterns in the area.  Flow rate can increase directly around pilings, causing local erosion.  In Duck, North Carolina, Miller et al. (1983) found a permanent trough in the area under a pier, with scouring around individual pilings.  Pilings may also slow water flow and cause settling out of material.  Alexander and Robinson (2004) observed that many docks in the Wilmington Island study had accumulations of wrack (marsh vegetative debris) on the north or northeast side.  They speculated that dock pilings may impede removal of the wrack deposited by prevailing northeast winds.  Wrack accumulation can smother the marsh surface and result in a bare area.  
3. Floating docks – Floating docks and other dock-associated structures sections that rest on the bottom at low tide may also negatively affect the marsh.  In a study currently underway, researchers at Skidaway Institute (C. Alexander) and Savannah State University (D. Hoskins, C. Curran) are investigating the effect of floating docks.  This study is not focused on Spartina grass, but rather on the microscopic algae that live on the surface of the mud (benthic diatoms) as well as the animals that live in the sediment that use the algae as a food source.  One other potential effect of floating docks comes from those made of beadboard (open-cell or “Styrofoam”).  This material can break apart and release fragments of the foam material to the environment.  These beads are notoriously indestructible, and cause concern for wildlife because of accidental ingestion or inhalation (Burns, summarized in Bliven 2005).
2. Boating Activity
A. Effects on Vegetation

Propellers operating in shallow areas will directly disrupt and possibly damage submerged portions of marsh vegetation.  This is more of a problem in areas with sea grasses, but marsh grasses can be affected if boats run into the grass.  Seasonal boat storage on the marsh, as mentioned above, will also result in shading and compaction.  
B. Effects on Water Quality
Water quality effects from boating and personal watercraft activities are related to fuel storage and use, waste disposal (human, pet, fish cleaning), and boat maintenance.

1. Fuel – The main contaminant associated with fuel is polyaromatic hydrocarbons (PAHs).  PAHs are acutely and chronically toxic to both plants and animals (reviewed by P. Albers in Kennish 2002).  These are released during the operation of boat engines.  Both two- and four-cycle engines release PAHs, although four-cycle engines release about five times less: up to 20% of the fuel in a two-cycle engine may be released unburned (Kennish 2002; Crawford et al. 1998).  PAHs also enter the water as a result of fuel spills.  Given that fueling usually occurs near shallow areas (because that’s where the docks are), effects from spills are likely to be greatest there.  Bilgewater is another known source of fuel contamination (Stevens et al. 1999).  Sanger and Holland (2002) found higher concentrations of PAHs in suburban areas with docks as compared to those without docks, although they were not able to distinguish between dock-related and other boating activities.
2. Waste – The disposal of human waste, graywater, pet waste and fish cleaning waste are discouraged or outright prohibited in certain areas, but are known to occur (especially in the absence of appropriate waste facilities such as pumpouts).  A study of fecal contamination near marinas in North Carolina found that bacterial counts rose with increasing boater activity (i.e. over a holiday weekend) and were highest near the boats themselves (Sobsey et al. 2003).  Waste management practices comprise a considerable portion of the marina best management practices (BMPs) promoted by the Georgia Marine Business Association and other agencies encouraging BMPs (Stevens et al. 1999). 

3. Other contaminants – Detergents, anti-fouling paints (ex. the now restricted tributyltin), and debris of various types are introduced to the waterbody when boats are sanded, scraped, and resurfaced near the water.
C. Effects on the Physical Environment
1. Erosion – Boat groundings, surface bow wakes, and propeller-scarring have negative effects on shoreline and water bottom structure.  Boat-generated erosion varies with the distance to shore, boat speed, slope of the shore or water bottom, depth of the waterway, and sediment type (US Environmental Protection Agency 1993).

2. Sediment resuspension – Boat activity can stir up the sediment.  As with erosional effects, the susceptibility of the sediment to this kind of disturbance is highly dependent on the composition of the sediment itself (percent sand, silt, clay) and also depth, craft speed, weight, hull type, etc. (Ailstock et al., Koch, and Anderson, in Kennish 2002).  Propeller-wash, in which no direct contact between the prop and the bottom, is also known to create turbidity in shallow areas (Crawford, in Kennish 2002).  
Stirring up the sediment will decrease the amount of light available for plant growth, but even more important is the fact that contaminants are more concentrated in the sediment than the water.  Contaminants such as PAHs (from boating and other sources), halogenated hydrocarbons, and trace metals can therefore move into the water through sediment disturbances, making them more “bioavailable” to species in the waterbody (Winger in Kennish 2002).  
D. Other Habitat Effects
1. Noise and other disturbances – For humans, the issue of disturbance is partially an aesthetic one (and subjective), but a New Jersey study of the effects of motorized watercraft on nesting common terns (Sterna hirundo) showed that over three years, the location of tern nests shifted as the number of personal watercraft in the area increased (J. Burger, in Kennish 2002).
3. Upstream Development 


Docks are often associated with upstream development, which has its own suite of environmental effects.  The most relevant studies of the effects of upstream development come from South Carolina (Sanger et al. 1999a, 1999b; Holland et al. 2004).  These authors showed that increases in the amount of paved (“impervious”) surface in upstream areas negatively affected water quality, sediment quality, and organisms.  This included increases in PAH concentrations in the sediment in areas with increased development, although no increases were found for CCA contaminants.


The South Carolina studies found that the level of development in a watershed (as measured by the amount of impervious surface) was positively correlated with the number of docks.  In other words: areas with more development also had more docks.  This makes it difficult to separate the effects of docks from the effects of development on the coastal environment as many of the same contaminants come from both sources (e.g. PAHs come from automobile as well as boat fuel).  In order to address this difficulty, they compared their observations in suburban areas with varying amounts of docks (Sanger et al. 1999a, 1999b).  In small tidal creeks, they found evidence for both an additional increase in PAHs and an additional decrease in the number of stress-sensitive organisms in areas with docks as compared to those without docks.  These results suggest an increase in PAHs in areas with docks, but again this may be related to boating activity and not docks per se.  Note also that these effects were not possible to separate in a comparison of large tidal creeks.  
4. Summary

The figure below depicts a direct relationship among docks, boating activity, and upstream development.  These three factors are often found together: the presence of docks is clearly associated with boating activity, and upstream development brings more people, more boats, and more docks.  Moreover, all three of these factors can affect coastal environments, as summarized above.  The relative significance of any of these interactions will depend on the specific circumstances, but in general the most important effect of docks themselves appears to be on vegetation, either through shading or through marsh disturbance.  Although upland development has many downstream effects, the most important one in terms of coastal marshland is probably the input of non-point pollutants via surface runoff, which negatively affects water quality.  In terms of boating activity, the most important effects are again likely to be the result of pollutants introduced to the water, primarily through boat fuel.  

Note that there are interactions among the environmental factors as well: water quality will affect vegetation and vegetation can in turn affect both water quality and the physical environment (i.e. water circulation patterns).  Changes in sediment erosion can also make the area either more or less conducive to vegetation.  All of these factors collectively affect the suitability of the area as habitat. 

Figure 1.  Effects of Docks and Marinas on the Environment

(Yellow shading illustrates critical effects) 
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Useful Internet Resources
Searchable database of literature on docks and piers:

http://www3.nos.noaa.gov/forms/nccoslib/dpsearch.lasso
National Centers for Coastal Ocean Science – Science for Coastal Communities Publications:

http://www.nccos.noaa.gov/publications/notables.html
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Appendix A. Recommended Environmental Mitigation Strategies:

1.  The National Centers for Coastal Ocean Science has recently identified the management of small docks and piers as an area of high priority for coastal managers.  NCCOS hosted a workshop in 2003 (Kelty and Bliven 2003) and have compiled a large number of resources on the issue.  See the Dock and Pier Management website, http://coastalmanagement.noaa.gov/czm/dockpier.html.  They make the following recommendations with regard to dock construction: 

Minimize shading effects



Height – maintain a 4-foot minimum elevation 



Width – limit to maximum of 4 feet (unless there are handicap access issues)



Orientation – as close to North-South as possible



Length – limit to the minimum needed to access water navigable at mean low water


Reduce shading effects by using grated material as decking


Increase illumination under docks by incorporating light tunnels or reflective deck bottoms 

Consider alternatives to CCA-treated lumber in areas of low flushing (recycled plastic, untreated wood, steel, or concrete)

Keep heavy equipment off the marsh (float materials in from the water side, or work from existing structures to the extent possible)

Avoid high pressure jetting for piling installation

2.  To minimize the effects of dock shading on seagrasses in Florida, the US Army Corps of Engineers (2001) has prepared regulatory guidelines for dock construction.  The guidelines are:

Avoidance – align piers to minimize the footprint over vegetation

Orientation – platform should be oriented north-south were practicable

Pier height – minimum of 5 feet above mean high water

Pier width – maximum of 4 feet (exceptions for turnaround area on longer piers)

Pilings – spacing minimum of 10 feet, sediment accumulation removed after installation

Board spacing – deckboard gaps minimum of 0.5 inch

Terminal platforms – placed (if possible) over area without vegetation

Plank construction – limited to 120 sq feet (with additional size restrictions)
Grated deck construction – material approved by the Corps and size limited to 160 sq feet (with additional size restrictions)
Boatslips – single, uncovered, with accommodations for a 2-foot wide catwalk (cantilevered) and 4-foot wide walkway
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� Spartina grows in two distinct height forms: tall-form Spartina is usually seen growing closest to the edge of tidal creeks, whereas the shorter form is usually seen growing further away from the water.  The difference is height is generally thought to be due to the fact that the plants growing closer to the water are better flushed so waste products (and salt) do not build up in the soil. 
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