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Embayments are enclosed areas of the coastline where the fresh water from groundwater and streams is mixed with salt water from the open ocean.  The definition includes 

coastal lagoons, drowned river valleys, harbors, and other relatively shallow water bodies that are connected by an Inlet Channel or bay mouth either ephemerally or 

permanently.  Multiple life stages of many species of animals occur seasonally or year-round in Embayments. 
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Seaward of the Inlet Channel, an Approach Channel is the area where animals may stage for entrance into an Embayment.  These are

either known or presumed to have coarser grain sizes than Embayments and higher wave energy than Embayment or Inlet Channels.  

These may or may not include channels through beach shoreface deposits that are visible on aerial photos. 
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EXECUTIVE SUMMARY

Dredge projects can result in deleterious impacts to marine fisheries resources and habitats, but the degree of impact varies widely depending on the method, frequency, timing, and location of dredging operations.  In Massachusetts, on Cape Cod and the Islands, maintenance dredging associated with coastal embayments has become routine in nature as a result of municipal dredging programs.  The Massachusetts Division of Marine Fisheries (MarineFisheries) has prepared a summary of the primary marine fisheries resource protection recommendations for municipal maintenance dredging projects on the Cape and Islands in order to address marine resource concerns with these projects in a coordinated manner.  The major species, groups of species, or habitats targeted by this summary are winter flounder, diadromous species, shellfish species, horseshoe crabs, eelgrass, and lobster habitat.  The impacts to these species were addressed based on a mapped classification of the major waterbody features of embayment, inlet channel, and approach channel. The summary does not provide recommendations for natural resources outside of MarineFisheries’ jurisdiction.  It addresses potential impacts of dredging and beach disposal activities but additional conditions for disposal activities may be needed in some cases.  
MarineFisheries standard recommendations are as follows:

· In-water, silt-producing work should be avoided during time of year restrictions (TOYs) whenever possible.

· A diadromous TOY is recommended in all embayments and inlet channels.  If work in an embayment or inlet channel is 3 days or less and is within a cumulative impact cap (e.g. no more than 2 embayments or inlet channels in a given region), a TOY waiver is granted.

· A winter flounder TOY is recommended in all embayments and inlet channels with mapped diadromous runs.  If work in an inlet channel is 3 days or less and is within a cumulative impact cap (e.g. no more than 2 inlet channels in a given region), a TOY waiver is granted.  Embayments are not eligible for waivers.
· In approach channels, projects <10,000 cy do not need a winter flounder or diadromous TOY.  Projects >10,000 cy need project specific recommendations.

· A dredge horseshoe crab TOY is recommended in all embayments, inlet channels, and approach channels with mapped horseshoe crab spawning beaches.  If dredging is >750 feet from the beach a TOY waiver is granted.  If dredging will avoid a 5-day period around the new and full moons and is 3 days or less a TOY waiver is granted.  No TOY waivers are granted in the Stage Harbor complex.

· A beach horseshoe crab TOY is recommended for all beach disposal activities on horseshoe crab spawning beaches.  If fill is above the extreme high water mark and no construction activity is conducted on the beach a TOY waiver is granted.

· If dredging occurs within 25 feet of shellfish resources, town propagation sites, aquaculture facilities, eelgrass habitat, or lobster habitat, TOYs, silt curtains, and/or turbidity monitoring may be recommended.  Removal of shellfish or lobster resources prior to dredging may be recommended.
1. INTRODUCTION
It is well established that dredge projects can result in deleterious impacts to marine fisheries resources and habitats (Wilber and Clarke 2001; Erftemeijer and Lewis 2006; Wilber et al. 2006; Newcombe and Jensen 1996). The impacts of dredge and fill projects on the marine environment have been studied, particularly with respect to impacts on species covered under Essential Fish Habitat consultation and the Endangered Species Act (Johnson et al. 2008; Hanson et al. 2003).  Impacts to marine resources associated with dredging projects include some or all of the following: direct habitat removal or burial, increased water column turbidity, reduction in dissolved oxygen, release of contaminants and nutrients, changes in benthic sediment characteristics, changes in benthic infaunal composition, and entrainment.  The degree of impact varies widely, and is dependent on the method, frequency, timing, and location of dredging operations as well as the marine resources present in a system.  A review of these issues can be found in Johnson et al. (2008).
In Massachusetts, there are frequent, routine maintenance dredging projects occurring on Cape Cod and the Islands.  These activities occur at the same locations either annually or every few years by the same three relatively small hydraulic dredges. Barnstable County, the county encompassing the towns on Cape Cod (south and east of the Cape Cod Canal), owns and operates its own dredge, the Codfish.  Similarly, the Town of Edgartown owns and operates its own dredge, which dredges primarily on Martha’s Vineyard Island each year.  The Army Corps of Engineers operates the Currituck, which routinely dredges navigable waterways on the Cape each spring.  A study examining the impacts of the Barnstable County dredge was commissioned by Massachusetts Office of Coastal Zone Management and found that there is potentially significant risk of impact to specific resources as a result of hydraulic dredging and the risk can be minimized by the use of seasonal restrictions (MACZM 2007).  In order to balance municipal maintenance dredging needs with marine fisheries resource protection for such projects, the Massachusetts Division of Marine Fisheries (MarineFisheries) generated this report to clarify when and where different time of year restrictions (TOYs) are needed and identify other standard resource recommendations.  This report only considers resources under the jurisdiction of MarineFisheries, which includes marine and anadromous fish, shellfish, lobsters, horseshoe crabs, and their habitats.  Other resource recommendations from other agencies may need to be considered (including, but not limited to, reptiles, birds, and marine mammals).  With this information, individual towns and dredge programs can plan and sequence their dredging activities to minimize impacts to marine resources.  Through such an approach, we endeavor to lower the risk of impact to marine resources and their habitats while improving the efficiency of the dredge programs and encouraging regional sediment management.

The geographic extent of the programmatic recommendation described herein is towns on Cape Cod (south and east of the Cape Cod Canal and including the eastern side of Buzzards Bay), Martha’s Vineyard, and Nantucket Island (Figure 1).  The types of dredging activities covered are public maintenance dredging activities of <10,000 cy conducted by the Barnstable County hydraulic dredge (Codfish), the Edgartown hydraulic dredge, and the Army Corps of Engineers hydraulic dredge (Currituck) only. This programmatic recommendation does not cover improvement dredging projects, deepening of channels, advanced maintenance dredging, or private dredging projects.  This framework prioritizes and makes allowances for work necessary to ensure that channels and waterways remain in a condition that permits access and safe passage of vessels.  Disposal of material on a beach is considered within the framework, but disposal in nearshore or offshore locations will require separate site specific review.  This programmatic recommendation is only applicable in areas where the definitions of embayment, inlet channel, and approach channel are reasonable (see Section 3).
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Figure 1. Cape Cod and Islands, Massachusetts.

The audience for this document includes 1) the regulatory community to whom we provide technical review for projects that potentially have adverse impacts on marine fisheries resources and 2) dredge coordinators.  The regulators we are targeting are Conservation Commissions, the Massachusetts Department of Environmental Protection (DEP), Massachusetts Office of Coastal Zone Management (CZM), and the U.S. Army Corps of Engineers (ACE).  This document is also relevant to natural resource agents, harbormasters, shellfish constables, and others planning dredging operations.  This document has been reviewed by the National Marine Fisheries Service (NMFS) and is consistent to the maximum extent practicable with NMFS resource recommendations.  The essential fish habitat (EFH) provisions of the Magnuson-Stevens Fishery Conservation and Management Act require the federal action/permit agency to consult with NMFS on projects that may adversely affect EFH.  Information regarding the EFH consultation process can be found at http://www.nero.noaa.gov/ro/doc/webintro.html. MarineFisheries may amend or discontinue using this document at any time.
This report contains four parts: 1) a summary of relevant TOYs and habitat protection recommendations; 2) a description of the various estuarine habitat types where the impact of dredging on resources is similar; 3) a description of the assumptions used when considering resource impacts as a result of hydraulic dredging; and 4) a description of recommended conditions for protecting fisheries resources and habitats for public maintenance projects conducted by the Barnstable County Dredge, Edgartown Dredge, and Currituck Dredge.

2. BACKGROUND

MarineFisheries is involved with review of coastal construction permit applications to identify potential adverse impacts on marine fisheries resources.  Although the division manages hundreds of species either directly or indirectly, the review process targets only a few species that are either known or anticipated to be more vulnerable than other species to impacts associated with construction activities.  
For routine, small coastal projects, including dredging projects <10,000 cy and associated beach fill, the resources that we commonly have concerns with are as follows.  
· Diadromous fish.  There are several species of anadromous fish (e.g. blueback herring, alewife, smelt, shad) and one catadromous fish species (American eel) that utilize fresh and tidal waters for spawning.  Most of these species are at historically low population levels.  These species migrate through, and in some cases inhabit, nearshore marine and estuarine waterbodies.  Because of their dependence on channels for migrations and their high degree of aggregation during migrations, these species have a high risk of impact when dredging projects coincide with migrations or occur in areas of spawning and settlement. 
· Winter flounder. Winter flounder is a major commercial fish species that is undergoing a severe population decline (NOAA 2008).  Some stocks appear highly dependent on nearshore bays and estuaries for spawning and nursery habitat.  Trawling is prohibited in Massachusetts inshore areas to protect nursery habitats of a variety of species, including winter flounder.  The commercial harvest of this species is strictly regulated due to population concerns.  Winter flounder eggs are sensitive to the impacts of sedimentation.  Therefore, this species has a high risk of impact when dredging and nearshore disposal projects coincide with spawning and settlement. 
· Shellfish.  The Massachusetts shellfishery is one of the top grossing fisheries in the state, and is an important source of seafood and jobs in Massachusetts (MA EEA 2009).  Shellfishing is also highly valued as a recreational activity in many coastal towns across the state.  Some shellfish resources are vulnerable to impact and/or are of high value.  Therefore, these species may have a high risk of impact during dredging and nearshore disposal projects in certain circumstances.
· Horseshoe crabs. Horseshoe crabs utilize beaches for spawning and nearshore channels for migration and possibly burial.  Spawning surveys suggest that this population is at a low level (Widener and Barlow 1999; ASMFC 1998).  This species is still commercially fished, but there are no new entrants allowed to the fishery and the quota was halved in 2008.  Because of its dependence on nearshore shallow beaches and channels as habitat, this species has a high risk of impact during dredging and beach and nearshore disposal projects. 
· Lobster.  The lobster fishery, though still very large, is seeing populations at a 25 year low (Glenn 2009).  Complex seafloor (e.g. cobble bottom) is thought to be a population bottleneck for lobster (Wahle and Stenick 1991; Phillips 2006). Therefore, this species and its habitat have a high risk of impact during dredging and nearshore disposal projects in areas with complex seafloor.

· Eelgrass. Eelgrass is an important submerged coastal habitat that not only provides critical nursery and shelter for many marine fish and invertebrates, but also provides ecosystem functions such as buffering the shoreline from erosion and improving water quality (e.g. Orth et al. 1984; Heck et al. 1989; Hughes et al. 2002).  Eelgrass is sensitive to light limitation and therefore is particularly sensitive to turbidity plumes resulting from coastal alteration projects.  Eelgrass is designated as a Special Aquatic Site in the Clean Water Act and in general impacts to eelgrass must be avoided.  Beds are at very low spatial extents to those estimated historically (e.g. Short and Burdick 1996; Paling et al. 2009).  This habitat has a high risk of impact from dredging and beach and nearshore disposal projects.
In order to protect the above resources, MarineFisheries often recommends standard best management practices for the protection of eelgrass and lobster habitats and time of year restrictions (TOYs) to protect species during vulnerable life stage events (aggregations, spawning, and settlement) of marine and diadromous fish.

Time of year restrictions are date ranges during which there is a higher risk of significant lethal, sub-lethal, or behavioral impacts to marine fisheries resources. 
The TOYs recommended in Massachusetts are:
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Sept. 1 to Nov. 15 
Alewife (Alosa pseudoharengus)
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Sept. 1 to Nov. 15  
Shad (Alosa sapidissima)
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Juvenile emigration



Sept 30 to Oct 31
Smelt (Osmerus mordax)








Spawning migration



March 1 to May 31  
White perch (Morone americana)







Upstream spawning migration
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Eel (Anguilla rostrata)
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Silver eel emigration



Sept 15 to Oct 31

Winter flounder (Pseudopleuronectes americanus)

South of Cape Cod, Buzzards Bay, Islands
Jan 15 to May 31

Cape Cod Bay




Feb 1 to June 30 


Boston Harbor and North Shore

Feb 15 to June 30
Shellfish





June 1 to Sept 30 

(soft shell clam, oysters, quahog, bay scallop)
Horseshoe crabs (Limulus polyphemus)







Dredging 




May 1 to June 30 

Beach fill




May 1 to July 31
Lobster (Homarus americanus)
protection of habitat yr round

South of Cape Cod, Buzzards Bay, Islands
May 15 to July 1

East side of (outer) Cape Cod


June 15 to Aug 15 



North of Cape Cod



May 31 to July 31

Eelgrass (Zostera marina)
protection of habitat yr round
The specific TOY restrictions for finfish generally will not vary, since they are based on life history information.  The shellfish and lobster TOYs are recommended on a site specific basis where MarineFisheries has high resolution monitoring data for these resources.  In the case of shellfish the TOY listed above may vary based on the specific species present at a particular site.
Considerable detail regarding the life history for each of the above resources and how each TOY was set is available in Evans et al (2010).  The sources of data used to support the TOY recommendations include general life history references, peer reviewed studies, NOAA NMFS technical reports, ASMFC fishery management plans, MarineFisheries technical reports and estuarine monograph series, the MarineFisheries resource assessment trawl survey time-series, and the best professional judgment of marine fisheries biologists.  They are consistent to the maximum extent practicable with TOY recommendations provided by the NOAA National Marine Fisheries Service Northeast Region Habitat Conservation Division.

The TOYs may be recommended in any waterbody in which marine resources are known or presumed to occur.  There are additional resources for which TOY recommendations are frequently made in other parts of the state or for other types of projects.  The ones listed above are most relevant for the maintenance dredging activities on the Cape and Islands.
3. DESCRIPTION OF WATERBODY FEATURES
Because the impact to a resource can vary based on the geophysical location of the source of impact and the resource being considered, we first defined and mapped the major waterbody features relevant to the species we manage using aerial photos.  It is assumed that within each feature type the impacts of dredging are similar (i.e. the impact in one inlet channel will be similar to the impact in another inlet channel).  There are four feature types:

Tidal River: MarineFisheries has jurisdiction to the head of tides (or the first obstruction) in a river system.  The Tidal Rivers start at the head of tides and end at the river mouth defined by an opening wider than the main stem of the river as it empties into an embayment.  Diadromous species use Tidal Rivers for passage to and from spawning grounds.  We have not defined any of these features to date; many are currently listed as embayments.
Embayment: Embayments are enclosed areas of the coastline where the fresh water from groundwater and streams is mixed with salt water from the open ocean.  The definition includes coastal lagoons, drowned river valleys, harbors, and other relatively shallow water bodies that are connected by an inlet channel or bay mouth either ephemerally or permanently.  Multiple life stages of many species of animals occur seasonally or year-round in Embayments.
Inlet Channel: Inlet Channels connect Embayments to the open ocean.  The definition includes channels and bay mouths. These are either known or presumed to have coarser grain sizes than Embayments and higher velocity current flow than Embayments or Approach Channels.  These provide passage to animals from the open ocean to the Embayment. 
Approach Channel: Seaward of the Inlet Channel, an Approach Channel is the area where animals may stage for entrance into an Embayment.  These are either known or presumed to have coarser grain sizes than Embayments and higher wave energy than Embayment or Inlet Channels.  These may or may not include channels through beach shoreface deposits that are visible on aerial photos.
The term “waterbody” is used loosely to infer to a physiographic region that encompasses all of these features in most cases.  However, in some areas, the general physiographic region has named subdivisions, and those named subdivisions are considered waterbodies (for example, Hyannis Harbor is within Lewis Bay).  Therefore, not all waterbodies have each of the defined features.
The Cape and Islands were divided into “drainage sub-basins” or regions based on our understanding of how marine resources exhibit regional characteristics (Figure 2).  These regions were generated using the Drainage Sub-basins poly layer available from MassGIS that originated from the MA Water Resources Commission (MassGIS 2007).  The regions are slightly different than those considered “watersheds” and “major sub-basins” by MA Water Resources Commission.  
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Figure 2. Regions used for considering impacts to resources.

Within each region, MarineFisheries biologists digitized waterbody features as polygons using 2005 aerial photography in ArcGIS 9.2 at a 1:5,000 scale.  The feature shorelines were clipped using an updated version of the DEP wetlands layer (MassGIS Coastline, 1992).  Areas of the original wetlands layer shoreline that were wrong or inaccurate based on shoreline surveys conducted routinely by the MarineFisheries Shellfish Sanitation program were corrected and the updated shoreline was used for clipping the waterbody features.  It is anticipated that the waterbody feature boundaries will be updated regularly to reflect additional information and the dynamic shoreline.  It is anticipated that the waterbody features GIS layer will be available through MassGIS in the near future.  
The regions of most relevance to the Barnstable County Dredge activities are North Cape Cod, South Cape Cod, Islands, and the eastern Buzzards Bay region (Wareham, Bourne, and Falmouth).  In those regions, a total of 68 waterbodies were mapped in 22 towns containing 70 dredge sites.  The South Cape Cod region had the most waterbodies with the most resources (Table 1).

Table 1: Summary of waterbodies and resources in each region.
	Sub-basin
	# of waterbodies
	# of spawning runs
	# horseshoe crab beaches
	# winter flounder embayments

	Buzzards Bay
	9
	6
	5
	8* 

	Islands
	18
	6
	9
	17*

	South Cape Cod
	27
	14
	15
	27

	North Cape Cod
	14
	8
	9
	14


*The two waterbodies not considered winter flounder habitat are the Cape Cod Canal and Herring Creek Rest, Edgartown. 

All embayments that were mapped and their associated resources are listed in Appendix A.  Town maps with feature types identified are available alphabetically by town in Appendix B.  
4. POTENTIAL RESOURCE IMPACTS
In order to assess risk of impacts to resources caused by small hydraulic dredge projects, the following assumptions regarding potential dredging impacts were made.

· Dredging is conducted for a maximum of 12 hours/day during daylight only.

· Approximately 1,000 cy are dredged during a day.

· Dredging is conducted using a small hydraulic dredge.

· Turbidity potential in coarse sediment is lower.

· Turbidity potential in fine sediment is higher.

· Entrainment/impingement risk is lower for pelagic life stages than for demersal life stages.

· Entrainment/impingement risk is less for mobile demersal life stages than that for less mobile demersal life stages, but higher than that for pelagic life stages.
· Entrainment/impingement risk is highest for less mobile demersal life stages.

· More time spent dredging at any given location increases the risk of impact to resources at that location.
The following assumptions apply to the features.
· Embayments have finer grained sediment (e.g. silts, clays, muds) and lower current velocities.

· Inlet channels and approach channels have coarser grained sediment (sands, gravelly sands).

· Inlet channels have higher current velocities than embayments or approach channels.

· Approach channels have higher wave energy than inlet channels or embayments.

Based on the resources and physical setting of the features, we identified potential impacts on those resources that could be caused by hydraulic maintenance dredging.  The types of impacts associated with dredging activities are as follows:

Direct mortality.  We presume that the risk of direct mortality as a result of hydraulic dredging activities is limited to demersal life stages with limited mobility.
Indirect mortality. Turbidity and potential habitat disturbance associated with dredging activities can smother or prevent the settlement of various species, resulting in reduced spawning success and mortality.  

Behavioral modifications (e.g. impediments to passage).  Due to the dredging activity, including the presence of the dredge and the disturbance of the seafloor and water column (via increased turbidity), some animals may avoid the dredge area, be unable to pass by the dredge area, or experience stress and delayed spawning.  Impacts that cause behavioral modification may not cause direct or indirect mortality, but the extent of the behavioral modification may reduce the resilience of an individual or a population.  
Cumulative impact.  Cumulative impact in this report refers specifically to the occurrence of multiple municipal dredge projects within a region.  Since dredging multiple times within a TOY increases the risk of impact to a given species, cumulative impact caps (30% of the waterbodies with affected resources) are recommended for diadromous fish and winter flounder to prevent consecutive inlet channels and embayments being dredged throughout the TOY restricted period.  Additionally, we recommend that dredging should not be conducted on the same waterbody feature more than once every six months if any dredging activity will occur during a TOY.  Lastly, there may be unforeseen circumstances that result in a project specific recommendation as a result of cumulative impacts caused by non-municipal dredging activities.
5. RECOMMENDATIONS
Below are the recommendations to minimize the impact on resources caused by hydraulic dredging within each waterbody feature.  Information regarding how the recommendations were determined is provided.  
5.1 Diadromous fish
The diadromous fish species on Cape Cod include the anadromous species blueback herring, alewife, smelt, and white perch and the catadromous American eel.  Some are known to home to their natal spawning grounds (i.e. they return to spawn in the same waterbodies where they were spawned). Diadromous TOYs will be recommended only in waterbodies where diadromous runs are known to occur.  MarineFisheries has mapped these runs (MassGIS 2003).
Embayments & Inlet Channels
Some diadromous fish utilize embayments for much of their lifetime while other species pass through embayments and inlet channels primarily to migrate to and from spawning habitat.  The migratory period is typically considered the most vulnerable time period for diadromous fish since migration impediments can prevent entire runs from spawning in suitable location for reproductive success.  Therefore, the primary objective of TOYs for diadromous fish is to ensure that fish passage is unimpeded during migratory seasons.

There are various migratory behaviors in the diadromous species in Massachusetts: some migrate at night, others during the day; some use the thalweg (deepest part) of a channel, some use the banks.  The degree to which fish migration is impeded by anthropogenic activities varies: some species view any disturbance as an impediment, some are more tolerant of disturbance (Brady 2009).  Some reports have found egg reabsorption and reduced spawning success after a period of a week (Rideout et al. 2005; Dadswell 1996 as cited in American Rivers 2002; Rottmann et al. 1991).  Along a migratory pathway, multiple activities, natural and anthropogenic, can be causing delays in a migration.  Therefore, we conclude that in-water, silt-producing work within the embayment or inlet channel may delay migration and spawning if stress or impediments to passage last for more than 3 days within the TOY.  Three days was determined to be a reasonably precautionary threshold since the dredging conducted by the municipal dredges occurs <12 hours a day and does not occupy >25% of an embayment or inlet channel. 

Embayments and inlet channels have the same recommendation since migratory pathways through embayments are poorly known and embayment widths vary widely.
Approach Channels

Approach channels are unrestricted in width and already prone to high energy turbidity events so we do not expect municipal dredging to impede the migratory behavior of diadromous fish.  Therefore, as long as turbidity or other disturbance is not shown or expected to extend to spawning habitat, projects dredging <10,000 cy within approach channels do not require a diadromous TOY.  Since an ENF is required for projects >10,000 cy, project specific recommendations will be provided for dredge volumes above that threshold.

Cumulative Impact

Dredging of multiple waterbodies in a single migratory season increases the risk of impact to diadromous resources.  In order to limit the cumulative impact of dredging during times of the year when risk of impact to diadromous resources is higher, MarineFisheries recommends that 30% or less of the inlet channels where diadromous fish are mapped be dredged per region within a TOY.  The total number of inlet channels and embayments in a region with mapped diadromous resources (Table 1) was multiplied by 30% to determine the maximum number of inlet channels that can be impacted during the diadromous TOY (Table 3).  The threshold of 30% being suggested as a reasonable threshold for this application, but there is no scientific support for this level of cumulative impact.
Table 3: Number of inlet channels and embayments that can be impacted during the diadromous TOY.

	Sub-basin
	Cumulative impact cap

	Buzzards Bay
	2

	Islands
	2

	South Cape Cod
	4

	North Cape Cod
	2


Disposal on beaches

Disposal on beaches in not anticipated to have significant risk of impact to diadromous habitat.
Recommendation
· A TOY for diadromous species is recommended for municipal dredging projects in embayments and inlet channels.  TOY waivers can be granted if dredging is 3 days or less and the cumulative impact cap is adhered to.
· A TOY for diadromous species is not recommended for municipal dredging projects <10,000 cy in approach channels.
5.2 Winter flounder

Embayments

Winter flounder are known to utilize coastal embayments for spawning.  MarineFisheries seine surveys in 6 coastal ponds have consistently caught young of the year winter flounder in Great Pond, Waquoit Bay, Cotuit Bay, Lewis Bay, Bass River, and Stage Harbor (MADMF 2007). Studies have shown that the same individuals have returned to the same spawning location multiple times suggesting homing behavior (Howe and Coates 1975).  Therefore, all coastal embayments are considered winter flounder spawning habitat.  It is assumed that the greatest risk to this resource is in lower energy embayments because they contain finer grained sediments that may cause more damage to eggs and newly settled larvae if dispersed.  Because the distribution of specific spawning areas within an embayment are usually unknown and could change each year, any dredging within an embayment should occur outside of the winter flounder TOY restriction.
Inlet Channels
Inlet channels are presumed to function primarily as migration pathways for winter flounder.  In some cases, spawning may be occurring on the banks of the channel, therefore the delineation of inlet channels may not include adjacent shallow water.  Because there is risk of impact to migrating groups of flounder but little information regarding the impacts of a persistent migratory delay, the same recommendation determined for diadromous fish is provided for winter flounder.  In-water, silt-producing work within the inlet channel should not exceed 3 days during the TOY.  Three days was determined to be a reasonably precautionary threshold since the dredging conducted by the municipal dredges occurs <12 hours a day and does not occupy >25% of an embayment or inlet channel.

Approach Channels

Winter flounder are known to spawn in nearshore areas outside of embayments as well (Howe and Coates 1975).  The distribution of such spawning activity is poorly known.  Because this higher energy spawning habitat is more dynamic, we presume that the risk of impact as a result of municipal dredging activities is less.  Therefore, if turbidity is not shown or expected to extend to spawning habitat, projects <10,000 cy do not require a winter flounder TOY.  Since an ENF is required for projects >10,000 cy, project specific recommendations will be provided for dredge volumes above that threshold.
Cumulative Impact

Dredging of multiple waterbodies in a single migratory season increases the risk of impact to winter flounder resources.  In order to limit the cumulative impact of dredging during times of the year when risk of impact to winter flounder resources is higher, MarineFisheries recommends that 30% or less of the inlet channels where winter flounder are mapped be dredged per region within a TOY.  The total number of inlet channels mapped in a region (Table 1) was multiplied by 30% to determine the maximum number of inlet channels that can be impacted during the winter flounder TOY (Table 4).  The threshold of 30% being suggested as a reasonable threshold for this application, but there is no scientific support for this level of cumulative impact.

Table 4: Number of inlet channels that can be impacted during the winter flounder TOY.

	Sub-basin
	Cumulative impact cap

	Buzzards Bay
	2

	Islands
	5

	South Cape Cod
	8

	North Cape Cod
	4


Disposal on beaches

Disposal on beaches in not anticipated to have significant risk of impact to winter flounder habitat.
Recommendation
· A TOY for winter flounder is recommended for municipal dredging projects in embayments.
· A TOY for winter flounder is recommended for municipal dredging projects in inlet channels.  TOY waivers can be granted if dredging is 3 days or less and the cumulative impact cap is adhered to.

· A TOY for winter flounder is not recommended for municipal dredging projects <10,000 cy in approach channels.
5.3 Horseshoe crabs

Horseshoe crab TOYs will be recommended only in waterbodies where horseshoe crabs are known to occur. MarineFisheries has mapped these waterbodies using spawning survey data and landings data and is preparing the dataset for release on MassGIS.
Embayments, Inlet Channels, Approach Channels

The horseshoe crab is a benthic organism that utilizes coastal waterbodies as spawning and nursery areas.  Horseshoe crabs spawn on beaches during the high tides associated with full and new moons in May and June (e.g. Loveland and Botton 1992; Avissar 2006).  Hatching occurs about a month after egg laying, and it is thought that juveniles utilize the nearshore coast adjacent to spawning beaches for several years (Botton and Loveland 2003).  Horseshoe crabs can have limited mobility when buried in the sand, particularly when resting before and after spawning events (Michels 2009).  There are two TOYs for horseshoe crabs: the dredging horseshoe crab TOY protects spawning adults; the beach disposal horseshoe crab TOY protects spawning nests and emerging juveniles.  
Very little is known about how horseshoe crabs utilize the nearshore environment or how they are distributed during spawning and hatching seasons.  Therefore, a buffer was created as a guideline for determining if a dredging project is considered close to a spawning beach.  The horseshoe crab beach buffer was designed to protect the beach and areas close to the beach for both spawning adults that utilize the nearshore up to the high tide line for spawning, and newly emerged instar horseshoe crabs that occupy areas nearshore.  A buffer of 750 feet was determined using a visual assessment of different buffer distances overlaid on aerial photos.  
We conclude that in-water, silt-producing work within 750 feet of a horseshoe crab spawning beach may impact spawning success by interfering with spawning or instar animals or by significantly altering the slope of the nearshore environment.  The Stage Harbor complex contains a large population segment so risk of impact is high regardless of distance from a beach.  

Spawning activity has significant peaks at the new and full moons during the spawning season.  Increased landings from hand and rake collection and increased spawning survey counts are associated with the period covering two days before and after full and new moons (MADMF 2010).  Small impacts outside of these timeframes are presumed to have less risk of impact.

Small projects are presumed to have less risk of impact.  Projects 3 days or less are considered small in order to be consistent with recommendations for other species.  

Cumulative Impact

Fisheries regulations are increasingly stringent for horseshoe crabs.  In 2010 MarineFisheries has proposed no harvesting of crabs during periods around the full and new moons in May and June.  However, since the species is not considered a species of concern nor has commercial fishing been prohibited (as it has been for winter flounder and various diadromous species), there is no cumulative impact requirement for horseshoe crabs.
Disposal on beaches

Horseshoe crabs spawn on beaches during the high tides associated with full and new moons in May and June (e.g. Loveland and Botton 1992; Avissar 2006).  The eggs are buried and the outgoing tide smoothes over the sand, so the nests are unidentifiable. The nests are susceptible to multiple human impacts including beach disposal activities for dredging projects.  There are suggestions that fairly modest alterations in beach profile or sediment sorting can reduce the suitability of a beach for spawning (Avissar 2006).  
Nests cannot be identified so creating buffers around the nests where beach disposal is prohibited (similar to that done for piping plovers) is not an effective strategy for protection.  Therefore, a TOY is recommended for all beaches identified as horseshoe crab spawning beaches.
Recommendation
· A dredging horseshoe crab TOY is recommended for public maintenance dredging projects within Stage Harbor complex and for projects <750 from a horseshoe crab spawning beaches in other waterbodies with horseshoe crab spawning beaches.  TOY waivers can be granted if dredging will avoid the new and full moons, 2 days before and after the full and new moons and is 3 days or less.
· A beach disposal horseshoe crab TOY is recommended for any beach disposal activities on horseshoe crab spawning beaches.  TOY waivers can be granted if fill is above the extreme high water mark and no construction activity is conducted on the beach.

5.4 Shellfish

Shellfish TOYs will apply only in waterbodies where suitable habitat for shellfish is mapped. MarineFisheries has mapped suitable shellfish habitat and these maps are available on MassGIS.  

Embayments, Inlet Channels, Approach Channels

A buffer was created as a guideline for determining if a dredging project is considered close to shellfish habitat.  This buffer was established by DEP under the wetland regulations (314CMR9.0). All dredging activities should occur further than 25 feet away from shellfish habitat, town propagation sites, and aquaculture facilities.  This recommendation applies year-round and may be waived by a MarineFisheries shellfish biologist.  In general, the maintenance dredging projects described herein will not require shellfish TOYs but may have other associated conditions pertaining to the removal of the shellfish resource prior to dredging.  Silt curtains may be recommended in lieu of a TOY for shellfish at locations where silt curtains can be used effectively.  
Disposal on beaches
The same recommendation applies to disposal activities. There may be site specific disposal conditions required on some permits including seasonal restrictions.

Recommendation
· All dredging and disposal activities should occur further than 25 feet away from shellfish habitat, town propagation sites, and aquaculture facilities.

5.5 Eelgrass habitat

The occurrence of eelgrass must be initially assessed using the DEP eelgrass layer available on MassGIS.  Where eelgrass is mapped in or adjacent to the dredge area, a site specific field assessment is needed to accurately map the extent of the eelgrass bed.  In some cases, particularly if there is reason to believe eelgrass is present or if beds occurred historically, site specific information may be requested.

Embayments, Inlet Channels, Approach Channels

A buffer was created as a guideline for determining if a dredging project is considered close to eelgrass habitat.  This buffer was established by DEP under the wetland regulations (314CMR9.0). All dredging activities should occur further than 25 feet away from eelgrass habitat.  Silt curtains surrounding the eelgrass bed will be recommended at locations where there is a greater risk of impact and/or where silt curtains can be used effectively.  This recommendation applies year-round.
Disposal on beaches

The same recommendation applies to disposal activities. There may be site specific disposal conditions required on some permits including seasonal restrictions.

Recommendation
· All dredging and disposal activities should occur further than 25 feet away from eelgrass habitat.

5.6 Lobster habitat

We assume that all seafloor with >4mm sediment is Early Benthic Phase lobster habitat.  This is currently not mapped and requires site specific assessment which is requested in areas where we anticipate such habitat.
Embayments, Inlet Channels, Approach Channels

A buffer was created as a guideline for determining if a dredging project is considered close to lobster habitat.  This buffer was established by DEP under the wetland regulations (314CMR9.0). All dredging activities should occur further than 25 feet away from lobster habitat.  Silt curtains and/or greater distances may be recommended at locations where there is a greater risk of impact and/or where silt curtains can be used effectively.  This recommendation applies year-round.  In general, the maintenance dredging projects described herein will not require a lobster TOY.
Disposal on beaches

The same recommendation applies to disposal activities.  There may be site specific disposal conditions required on some permits including seasonal restrictions.

Recommendation
· All dredging and disposal activities should occur further than 25 feet away from lobster habitat.

6. FLOWCHARTS

A set of flowcharts was prepared that illustrates how the above recommendations will be applied in practice.  The next three pages contain the individual flowcharts for each embayment type.  Winter flounder and diadromous fish recommendations change based on the waterbody feature type.  Horseshoe crabs, shellfish, eelgrass, and lobster recommendations are the same for all three waterbody feature types.






7. OTHER RECOMMENDATIONS
The intent of this summary of recommendations is to allow greater transparency and enable simple application of the recommendations.  However, there is potential for confusion particularly regarding projects that extend into multiple features.  The following recommendations were generated to provide guidance, and may not apply in all cases.  We recommend that proponents and regulators confer with MarineFisheries if there is any lack of clarity.

1. Avoid dredging during TOYs whenever possible.
2. Whatever resource is occurring in the waterbody, the most conservative TOY recommendation will be followed.

3. If a project goes into multiple features, the most conservative TOY recommendation will apply.

4. If a project goes into multiple features, the maximum time spent in any one feature shall be limited to that of the feature and the whole project shall not exceed the maximum amount of time allowed in any feature being dredged.

5. A dredge day is daytime hours between sunrise and sunset.  Any amount of dredging occurring within that timeframe counts as a full day.

6. If emergency waivers are given, they will count against incursion windows.

Emergency dredging needs.  Because of the site-specific nature of this type of action, we recommend coordination with MarineFisheries if emergency dredging activities must occur during a TOY.  We recommend that any additional dredging in a given waterbody feature does not occur for at least six months following the cessation of the emergency action.  The guidelines herein described in no way affect the existing process for requesting and reviewing emergency actions.
8. AMENDMENTS

Some towns have higher resolution resource and waterbody information that could help improve the resource mapping and waterbody feature mapping.  In order to request amendments at a given site (such as changing the boundary lines between features, for example), the town should contact the Division of Marine Fisheries Fisheries Habitat Program.  The type of information that should be provided includes:
· Grain size distribution (silt-clay-sand combinations, sand, gravel-cobble combinations)
· Current speed (specifically, what is the average peak current velocity in the vicinity of the dredge project)
· Dredge footprint

· Volume of dredge material

· Frequency of dredging activity

· Location of geomorphic features (channels, tidal deltas, flats, etc)

· Location of resources (shellfish beds, horseshoe crab beaches, fish counts, eelgrass beds, etc)

These parameters were selected based on the process established to build the existing feature maps.  This list was generated in conjunction with the Cape Cod Dredging Working Group which met over the course of 2008-2010.  The information can be consolidated in ArcGIS or Google Earth software or on hard-copy maps, preferably NOAA charts or orthophotographs.  All information used to create the maps must be identified with the following information: 

· Date(s) of collection

· Method(s) of collection

· Accuracy assessment (both spatial and data quality)
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APPENDIX A

Waterbodies and Resources

The following table identifies individual dredge sites by town and waterbody.  Dredge sites and existing TOY information were provided by the Cape Cod Dredging Working Group. If a mapped waterbody does not have a dredge site, it is listed as “no dredge site” in the Existing TOY column.  If the Existing TOY information was not available, it is listed as “unknown.”  Resource presence in a waterbody is indicated with an X.  Diadromous (Diad) and horseshoe crab (HC) resources are identified based on available point data and winter flounder (WF) resources are identified based on assumed habitat as explained in the report text.  Shellfish and eelgrass resources are assessed in each water body using specific resource maps, so they are not included.  There are no maps available for lobster habitat; that is currently assessed site specifically.  This is a preliminary summary table: these sites have not been assigned to a waterbody feature since we do not currently have the dredge locations mapped.  Therefore, proposed resource recommendations are not yet available.
	Town
	Dredge Site
	Waterbody Name
	Watershed
	Diad
	HC
	WF
	Existing TOY (Sept 2009)

	Barnstable
	Barnstable Harbor
	Barnstable Harbor
	NORTH CAPE COD
	
	X
	X
	WF, HC, 2/1-7/30

	Barnstable
	Bumps River
	Barnstable Harbor
	NORTH CAPE COD
	
	X
	X
	unknown

	Barnstable
	
	Chase Garden Creek
	NORTH CAPE COD
	
	X
	X
	no dredge site

	Barnstable
	Cotuit Bay
	Cotuit Bay
	SOUTH CAPE COD
	X
	X
	X
	unknown

	Barnstable
	East Bay/Centerville River
	East Bay/Centerville River
	SOUTH CAPE COD
	X
	X
	X
	WF, HC, diad, 1/15-6/30

	Barnstable
	
	Hyannis Port
	SOUTH CAPE COD
	
	
	X
	unknown

	Barnstable
	Seapuit River
	Seapuit River
	SOUTH CAPE COD
	X
	X
	X
	WF, 1/15-10/31

	Barnstable
	West Bay
	West Bay
	SOUTH CAPE COD
	X
	
	X
	unknown

	Barnstable, Yarmouth
	Englewood
	Hyannis Harbor/Lewis Bay
	SOUTH CAPE COD
	X
	X
	X
	unknown

	Bourne
	
	Cape Cod Canal
	BUZZARDS BAY
	X
	
	
	no dredge site

	Bourne
	
	Megansett/Squeteague Harbor
	BUZZARDS BAY
	
	
	X
	no dredge site

	Town
	Dredge Site
	Waterbody Name
	Watershed
	Diad
	HC
	WF
	Existing TOY

	Bourne
	Monument Beach
	Phinneys Harbor/Monument Beach
	BUZZARDS BAY
	X
	X
	X
	unknown

	Bourne
	Red Brook Harbor
	Red Brook Harbor
	BUZZARDS BAY
	X
	X
	X
	unknown

	Bourne
	Hen Cove
	Red Brook Harbor
	BUZZARDS BAY
	X
	X
	X
	unknown

	Bourne
	Hospital Cove
	Red Brook Harbor
	BUZZARDS BAY
	X
	X
	X
	unknown

	Bourne
	
	Tobys Island and Pocasset River
	BUZZARDS BAY
	X
	X
	X
	no dredge site

	Bourne
	Buttermilk Bay
	West Entrance Channel - Cape Cod Canal
	BUZZARDS BAY
	X
	X
	X
	WF, alewives, 2/15-6/15

	Bourne
	Cohasset Narrows
	West Entrance Channel - Cape Cod Canal
	BUZZARDS BAY
	X
	X
	X
	WF, alewives, 1/15-6/15

	Bourne
	Gray Gables
	West Entrance Channel - Cape Cod Canal
	BUZZARDS BAY
	X
	X
	X
	(resources not listed), 2/15-11/14

	Bourne
	North Channel
	location unknown
	BUZZARDS BAY
	n/a
	n/a
	n/a
	location unknown

	Bourne
	Turning Basin
	location unknown
	BUZZARDS BAY
	n/a
	n/a
	n/a
	location unknown

	Brewster, Orleans
	
	Nanskaget
	NORTH CAPE COD
	
	X
	X
	no dredge site

	Chatham
	
	Bucks Creek
	SOUTH CAPE COD
	
	X
	X
	no dredge site

	Chatham
	Aunt Lydia's Cove
	Chatham Harbor/Pleasant Bay
	not mapped
	X
	X
	X
	HC, 5/1-7/31

	Chatham
	Outermost Harbor
	Chatham Harbor/Pleasant Bay
	not mapped
	X
	X
	X
	unknown

	Chatham
	Mill Creek
	Mill Creek
	SOUTH CAPE COD
	
	X
	X
	unknown

	Chatham
	Stage Harbor
	Stage Harbor
	SOUTH CAPE COD
	
	X
	X
	HC, 5/1-7/31

	Chilmark
	Menemsha Channel
	Menemsha Pond
	ISLANDS
	X
	X
	X
	WF, river herring, HC, 1/15-6/30

	Dennis
	Bass River
	Bass River
	SOUTH CAPE COD
	X
	X
	X
	WF, 1/15-5/31

	Dennis
	
	Quivett Creek
	NORTH CAPE COD
	X
	X
	X
	no dredge site

	Town
	Dredge Site
	Waterbody Name
	Watershed
	Diad
	HC
	WF
	Existing TOY

	Dennis
	Sesuit Harbor
	Sesuit Harbor
	NORTH CAPE COD
	X
	X
	X
	WF, diad, 1/15-5/31

	Dennis
	
	Stony Brook
	NORTH CAPE COD
	X
	
	X
	no dredge site

	Dennis
	Swan River Inlet Channel
	Swan Pond River
	SOUTH CAPE COD
	X
	
	X
	WF, eel, river herring, 1/15-6/15

	Eastham
	
	Boat Meadow River
	NORTH CAPE COD
	
	
	X
	no dredge site

	Eastham
	
	Herring River
	NORTH CAPE COD
	X
	
	X
	no dredge site

	Eastham
	Rock Harbor Embayment
	Rock Harbor
	NORTH CAPE COD
	X
	X
	X
	WF, 2/1-5/31

	Eastham
	Rock Harbor Inlet
	Rock Harbor
	NORTH CAPE COD
	X
	X
	X
	unknown

	Edgartown
	Caleb Pond
	Caleb Pond
	ISLANDS
	
	X
	X
	WF, 1/15-5/31

	Edgartown
	Cape Pogue Narrows
	Cape Pogue
	ISLANDS
	
	X
	X
	unknown

	Edgartown
	Cape Pogue Gut
	Cape Pogue
	ISLANDS
	
	X
	X
	unknown

	Edgartown
	Dyke Bridge Approach
	Cape Pogue
	ISLANDS
	
	X
	X
	unknown

	Edgartown
	Great Pond Sluiceway
	Edgartown Great Pond
	ISLANDS
	
	
	X
	Diad, 3/15-6/15

	Edgartown
	Great Pond Ramp
	Edgartown Great Pond
	ISLANDS
	
	
	X
	WF, 1/15/-5/31

	Edgartown
	Great Pond Channel
	Edgartown Great Pond
	ISLANDS
	
	
	X
	WF, 1/15/-5/31

	Edgartown
	Inner Harbor
	Edgartown Harbor
	ISLANDS
	
	X
	X
	WF, 1/15-5/31

	Edgartown
	Light House 
	Edgartown Harbor
	ISLANDS
	
	X
	X
	WF, 1/15-4/15

	Edgartown
	Collins Beach
	Edgartown Harbor
	ISLANDS
	
	X
	X
	WF, 1/15-5/31

	Edgartown
	Eel Pond Channel
	Eel Pond
	ISLANDS
	
	
	X
	WF, HC, 1/15-6/30

	Edgartown
	Eel Pond Ramp
	Eel Pond
	ISLANDS
	
	
	X
	WF, HC, 1/15-6/30

	Edgartown
	Herring Creek Rest
	Herring Creek Rest
	ISLANDS
	X
	
	
	Diad, 3/15-6/15

	Edgartown
	Katama Bay Channel
	Katama Bay
	ISLANDS
	
	X
	X
	WF, HC (so. side), 1/15-7/31

	Town
	Dredge Site
	Waterbody Name
	Watershed
	Diad
	HC
	WF
	Existing TOY

	Edgartown
	Katama Bay Boat Ramp
	Katama Bay
	ISLANDS
	
	X
	X
	WF, HC (so. side), 1/15-7/31

	Edgartown
	
	Oyster Pond
	ISLANDS
	
	
	X
	no dredge site

	Edgartown
	Sarson Island
	Sengekontacket Pond
	ISLANDS
	X
	X
	X
	WF, HC, 1/15-6/30

	Falmouth
	Bourne Pond
	Bourne Pond
	SOUTH CAPE COD
	
	X
	X
	WF, HC, 1/15-7/15

	Falmouth
	Eel River Inlet
	Eel River
	SOUTH CAPE COD
	X
	
	X
	WF, HC, alewife, 1/15-7/30

	Falmouth
	Eel River Basin
	Eel River
	SOUTH CAPE COD
	X
	
	X
	WF, alewife, 1/15-6/15

	Falmouth
	Falmouth Inner Harbor
	Falmouth Inner Harbor
	SOUTH CAPE COD
	
	
	X
	WF, 1/15-5/31

	Falmouth
	
	Great Harbor
	SOUTH CAPE COD
	
	
	X
	no dredge site

	Falmouth
	Great Pond Outside
	Great Pond
	SOUTH CAPE COD
	X
	X
	X
	unknown

	Falmouth
	Great Pond Channel
	Great Pond
	SOUTH CAPE COD
	X
	X
	X
	WF, river herring, 1/15-7/31

	Falmouth
	Green Pond
	Green Pond
	SOUTH CAPE COD
	
	X
	X
	WF, alewife, 1/15-6/15

	Falmouth
	
	Little Harbor
	SOUTH CAPE COD
	
	
	X
	no dredge site

	Falmouth
	
	Little Pond
	SOUTH CAPE COD
	
	
	X
	no dredge site

	Falmouth
	Perch Pond
	Perch Pond
	SOUTH CAPE COD
	X
	X
	X
	WF, shellfish, 1/15-9/30

	Falmouth
	
	Quissett Harbor
	BUZZARDS BAY
	
	
	X
	no dredge site

	Falmouth
	
	West Falmouth Harbor
	BUZZARDS BAY
	
	
	X
	no dredge site

	Falmouth
	Wild Harbor
	Wild Harbor
	BUZZARDS BAY
	X
	X
	X
	WF, 1/15-5/31

	Falmouth, Mashpee
	Waquoit Bay
	Waquoit Bay
	SOUTH CAPE COD
	X
	X
	X
	proposed toy of 2/1-5/15

	Gosnold
	Cuttyhunk Pond
	Cuttyhunk Pond
	ISLANDS
	
	X
	X
	no dredge site

	Harwich
	Allen Harbor
	Allen Harbor
	SOUTH CAPE COD
	
	
	X
	WF, 1/15-5/31

	Town
	Dredge Site
	Waterbody Name
	Watershed
	Diad
	HC
	WF
	Existing TOY

	Harwich
	Round Cove
	Chatham Harbor/Pleasant Bay
	not mapped
	X
	X
	X
	WF, HC, 1/15-7/30

	Harwich
	
	Herring River
	SOUTH CAPE COD
	X
	
	X
	no dredge site

	Harwich
	Saquatucket Harbor Entrance
	Saquatucket Harbor
	SOUTH CAPE COD
	
	
	X
	no TOY

	Harwich
	Saquatucket Harbor
	Saquatucket Harbor
	SOUTH CAPE COD
	
	
	X
	WF, 1/15 - 7/31

	Harwich
	Wychmere Harbor Entrance
	Wychmere Harbor
	SOUTH CAPE COD
	
	
	X
	no TOY

	Harwich
	Wychmere Harbor
	Wychmere Harbor
	SOUTH CAPE COD
	
	
	X
	WF, 1/15 - 7/31

	Mashpee
	Popponesset Bay Inlet
	Popponesset Bay
	SOUTH CAPE COD
	X
	X
	X
	no TOY

	Mashpee
	Popponesset Bay
	Popponesset Bay
	SOUTH CAPE COD
	X
	X
	X
	WF, HC, bluebacks, 1/15-7/31

	Mashpee, Falmouth
	Waquoit Bay
	Waquoit Bay
	SOUTH CAPE COD
	X
	X
	X
	WF, HC, bluebacks, 1/15-7/31

	Nantucket
	
	Hither Creek
	ISLANDS
	X
	
	X
	no dredge site

	Nantucket
	
	Nantucket Harbor
	ISLANDS
	
	
	X
	no dredge site

	Oak Bluffs
	
	Harts Harbor/Farm Pond
	ISLANDS
	X
	
	X
	no dredge site

	Oak Bluffs
	Oak Bluffs Harbor
	Oak Bluffs Harbor
	ISLANDS
	
	
	X
	WF, river herring, 1/15-5/31

	Oak Bluffs
	Sarson Island
	Sengekontacket Pond
	ISLANDS
	X
	X
	X
	WF, HC, 1/15-6/30

	Oak Bluffs
	Little Bridge
	Sengekontacket Pond
	ISLANDS
	X
	X
	X
	WF, river herring, 1/15-6/15

	Orleans, Brewster
	
	Nanskaget
	NORTH CAPE COD
	
	X
	X
	no dredge site

	Provincetown
	MacMillan Wharf
	Provincetown Harbor
	NORTH CAPE COD
	
	X
	X
	MacMillan wharf, WF 1/15-5/31

	Sandwich
	
	Sandwich Harbor
	NORTH CAPE COD
	X
	
	X
	no dredge site

	Town
	Dredge Site
	Waterbody Name
	Watershed
	Diad
	HC
	WF
	Existing TOY

	Sandwich
	
	Scorton Harbor
	NORTH CAPE COD
	
	
	X
	no dredge site

	Tisbury
	Tashmoo Entrance
	Lake Tashmoo
	ISLANDS
	
	X
	X
	WF, HC, eels, alewives, 1/15-6/30

	Tisbury
	Lake Street Landing
	Lake Tashmoo
	ISLANDS
	
	X
	X
	unknown

	Tisbury
	
	Mink Meadows
	ISLANDS
	
	
	X
	no dredge site

	Truro
	Pamet River Outer
	Pamet Harbor
	NORTH CAPE COD
	X
	X
	X
	no TOY

	Truro
	Pamet River Channel
	Pamet Harbor
	NORTH CAPE COD
	X
	X
	X
	(resources not listed), 4/1-11/1

	Truro
	Pamet Harbor Basin
	Pamet Harbor
	NORTH CAPE COD
	X
	X
	X
	WF, HC 2/1-7/15

	Vineyard Haven
	Vineyard Haven Harbor
	Vineyard Haven Harbor
	ISLANDS
	X
	X
	X
	WF, 1/15-5/31

	Vineyard Haven
	Back Channel
	Vineyard Haven Harbor
	ISLANDS
	X
	X
	X
	WF, HC, eels, alewives, 1/15-6/30

	Vineyard Haven
	North Groin
	Vineyard Haven Harbor
	ISLANDS
	X
	X
	X
	WF, 1/15-5/31

	Wellfleet
	Wellfleet Harbor
	Wellfleet Harbor
	NORTH CAPE COD
	X
	X
	X
	no dredge site

	Yarmouth
	Mill Creek
	Barnstable Harbor
	NORTH CAPE COD
	
	X
	X
	1/15-6/1

	Yarmouth
	Parkers River
	Parkers River
	SOUTH CAPE COD
	X
	X
	X
	1/15-6/1

	Yarmouth, Barnstable
	Englewood
	Hyannis Harbor/Lewis Bay
	SOUTH CAPE COD
	X
	X
	X
	unknown


APPENDIX B
This appendix contains maps of waterbody features by town.  The table below identifies the scale at which the map images are provided.
	Town
	Map Scale
	No. mapped waterbodies
	Notes

	Aquinnah
	1:30,000


	0
	

	Barnstable 1 
	1:75,000
	2
	Cape Cod Bay

	Barnstable 2 
	1:50,000
	3
	Nantucket Sound; Hyannis included in Yarmouth map

	Bourne
	1:75,000
	2
	

	Brewster
	1:50,000
	0
	No features

	Chatham
	1:50,000
	3
	Nantucket Sound features only

	Chilmark
	1:75,000
	1
	

	Dennis 1
	1:50,000
	2
	Cape Cod Bay

	Dennis 2
	1:50,000
	3
	Nantucket Sound; includes Bass River

	Eastham
	1:50,000
	0
	No features

	Edgartown
	1:75,000
	7
	

	Falmouth 1
	1:75,000
	6
	Buzzards Bay, Woods Hole

	Falmouth 2
	1:50,000
	7
	Nantucket Sound

	Gosnold
	1:50,000
	1
	

	Harwich
	1:30,000
	4
	

	Mashpee
	1:50,000
	1
	

	Nantucket
	1:75,000
	2
	Not all waterbodies featured

	Oak Bluffs
	1:40,000
	3
	Sengekontacket included in Edgartown map

	Orleans 1
	1:50,000
	0
	No features on backside of Cape

	Orleans 2
	1:24,000
	2
	Cape Cod Bay

	Provincetown
	1:50,000
	1
	

	Sandwich
	1:30,000
	2
	

	Tisbury
	1:40,000
	
	see Oak Bluffs

	Truro
	1:24,000
	1
	Pamet Harbor only

	Wellfleet
	1:50,000
	1
	

	West Tisbury
	1:75,000
	0
	Not all waterbodies featured

	Yarmouth
	1:50,000
	2
	Hyannis included; Bass River included in Dennis map
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