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Summary of Findings

Monitoring of vegetation, birds, fishes, and salinity at Damde Meadows in 2006 indicates that environmental changes continue to occur in response to the 2003 tidal restoration project.  However, the rate of change of these environmental parameters has slowed as Damde Meadows adapts to daily tides.  Spartina alterniflora (salt marsh cordgrass) has colonized a few limited areas of the salt pond shoreline for the first time since tides were restored in 2003.  This important event in the history of the restoration project begins the system’s renewal toward a functional salt marsh system.  Other salt marsh and coastal plant species are also colonizing the upper edges of the salt pond.  
Common reed (Phragmites australis), significantly diminished along the east shore of the salt pond following tidal re-introduction, remains sparse in this part of the study area.   However, Phragmites marsh continues to flourish along the west side of the salt pond where groundwater seepage creates a more suitable environment for its root systems.  Based on findings to date, it appears that Phragmites will continue to persist at Damde Meadows into the foreseeable future.  Tidal flooding continues to stress and kill woody plants (trees, shrubs, saplings, etc.) around the perimeter of the restoration area.  
Damde Meadows continues to provide excellent habitat for waterfowl and wading birds.  The shallow water of the salt pond provides feeding and resting habitat for black ducks for most of the year and for several other species of overwintering waterfowl (e.g., bufflehead, hooded merganser, etc.).  Intertidal flats along the margin of the salt pond provide feeding habitat for wading birds (e.g., snowy egret, great blue heron, etc.).  Shorebirds are common during fall migration and can often be found along exposed tidal flats fringing the salt pond.   Five “Watch-list” species, including great blue heron, great egret, snowy egret, little blue heron, and least tern, were observed feeding and resting in the salt pond.  Three fish surveys during the summer of 2006 confirmed that mummichogs are likely the most abundant of the small coastal fishes at Damde Meadows.  Mummichogs are an important food source for many species of fish and birds.
Salinity measurements at Damde Meadows indicate a relatively uniform surface water salinity distribution (28-32 ppt) within the system.  Soil salinity in intertidal areas to a depth of 30 inches is also relatively uniform (20-27 ppt).  Although no detailed hydrological data was collected in 2006, physical restrictions continue to impede the drawdown of the salt pond at low tide.  The movement and accumulation of gravelly sediments in tidal channels near the culverts appears to be impeding efficient low-tide drainage of the salt pond.  Blue mussels have colonized (and stabilized) some of these sediment accumulations.
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1.0 Introduction

Tidal flow was restored to Damde Meadows in early March 2003 with the installation of a 4 ft. by 8 ft. concrete box culvert in each of the two dikes near Martin’s Cove.
   Tidal flow between Martin’s Cove and the salt pond (i.e., Damde Meadows) has continued unimpeded since that time.  The following report summarizes the status of vegetation, birds, fishes, and salinity conditions at Damde Meadows during 2006, approximately three and a half years following the restoration of tidal flow.

2.0 Environmental Monitoring

The monitoring program for the Damde Meadows Salt Marsh Restoration Project is designed to assess changes in several important environmental parameters following the re-introduction of tides at Damde Meadows in March 2003.  With tidal restoration at Damde Meadows complete, annual resource monitoring will allow The Trustees to determine progress toward achieving the long-term goals of establishing a functional salt marsh and reducing the size of the Phragmites australis (common reed) marsh around the perimeter of the salt pond.  Project monitoring will continue for a minimum of five years (2007).

Environmental monitoring of the project site follows the GPAC (Global Programme of Action Coalition for the Gulf of Maine) design with some minor alterations.  The design is similar to that used by the Wetland Health Assessment Program, a collaboration of the Massachusetts Coastal Zone Management, Mass Bays Program, Salem Sound 2000, and the National Estuary Program.  Many of the monitoring protocols outlined in Coastal Zone Management’s “Volunteer Handbook for Monitoring New England Salt Marshes” have been incorporated into the project methodology.  

Several environmental parameters, including vegetation, birds, fishes, and salinity, were monitored in 2006.  Data collection was completed by Trustees staff with assistance from students affiliated with the Cohasset Center for Student Coastal Research.  Figure 1 show the locations of monitoring stations and Tables 1-4 summarize field data collected during 2006.  Ongoing changes in these parameters reflect shifts in the biological, physical, and chemical conditions of the site due to the action of daily tides.  Baseline monitoring of Damde Meadows (pre-construction) was completed in 2002, and is summarized in the report entitled Monitoring Report - 2002 (baseline), Damde Meadows Salt Marsh Restoration Project, World's End by The Trustees of Reservations. 
3.0 Methodology and Results

3.1 Vegetation

Methods  
A total of 22 vegetation plots have been established at Damde Meadows to document changes in plant species composition and abundance (Fig. 1).  Vegetation plots are located along five sampling transects that traverse tidal flat, fringing marsh, and the upland-wetland transition habitats.  Two additional plots (T5-P1A, T5-P2) were added in 2006 to capture changes in marsh and tidal flat habitats undergoing colonization by marsh plants.  Plots located within open water environments have not been sampled due to the lack of emergent vegetation.

Plant species composition and abundance data was collected from all plots.  The percent cover of plant species was recorded in each plot using cover class estimates and midpoints (Daubenmire, 1968).
  Herbaceous vegetation was recorded within 1m2 plots.  Where Phragmites occurs, the number of live stems was recorded with the average and maximum height of live Phragmites stems determined by measuring the five tallest stalks.  The number of flowering stems was also recorded.  Plots located on the upland/wetland boundary quantified woody species (shrub, sapling, tree and vine) within 15 ft. radius plots for shrubs and saplings and 30 ft. radius plots for trees and vines.  Tree data was recorded as diameter at breast height.  Typically, the condition of any given plant (e.g., stressed, healthy) was also noted.

Findings 

Wetland plant communities bordering the salt pond continue to evolve in response to tidal flooding at Damde Meadows.  The distribution of Phragmites in the study area continued to change according to trends observed over the last few years of monitoring.  Between 2005 and 2006, the number of live Phragmites stems in plots on the wetland/upland edge along west shore of the salt pond increased from 14%-194% (Table 1).  The number of flowering culms in some plots also increased, indicating that Phragmites populations in these areas are increasingly robust.  This finding reflects the continued shifting of the Phragmites marsh upslope along the western shore of the salt pond.  Phragmites also appeared in two plots on the east side of the marsh area located between the dikes.   Phragmites was not recorded in any plots along the salt pond’s eastern shore, and generally remains sparsely distributed in this part of the study area.  
The most important finding in 2006 at Damde Meadows is the observation of salt marsh cordgrass (Spartina alterniflora) along the northeast and western shorelines of the salt pond.   No Spartina grasses had been observed in the study area until this year.  Two new plots (T5-P1, T5-P1A) were established in the intertidal zone on the northeast shore of the salt pond to monitor changes in salt marsh plants in this area.  Spartina alterniflora, a salt tolerant plant found in regularly to irregularly flooded salt and brackish marshes,
 comprise about 10% cover in the two plots and are roughly 1.5 ft. in height.  Sueada linearis (sea blite), Salicornia europaea (?), and Limonium carolinianum (sea lavender), plants of irregularly flooded salt marshes, were also found in one or both plots.  Other coastal plants found in the vicinity of these plots included: Pluchea purpurascens (salt marsh fleabane), Atriplex patula (marsh orach), Spartina pectinata (prairie cordgrass), and Erechtites hieracifolia (fireweed).  Spartina alterniflora was also observed in the intertidal zone of the small embayment along the salt pond’s western shore and elsewhere.  Atriplex patula, a plant of upper salt marshes, is becoming common along the salt pond edges where Phragmites does not occur.  

The distribution of Spartina alterniflora in the existing salt marsh between the dikes did not change appreciably between 2005 and 2006.  The amount of live woody vegetation continues to decline in plots exposed to saltwater tides.  However, the numerous dead trees and saplings around the perimeter of Damde Meadows provides excellent perching and resting habitat for herons, kingfishers, hawks, and other birds.    

3.2 Birds

Methods

Avian use of Damde Meadows in 2006 was documented based on eight point count surveys.  The surveys were conducted throughout the year, although only one survey was completed during the summer.
  Survey observations were made from four fixed points around Damde Meadows, including the inner and outer dikes, the rock outcrop at north end of Damde Meadows, and along eastern shore of the salt pond.  The time of the survey, weather conditions, and tidal stage was noted during each visit.  Observations were made for approximately 10-15 minutes at each of the survey stations.  The species observed and their approximate numbers were recorded, as well as the habitat where they were observed (e.g., salt pond, salt marsh, etc.) and general behavior (e.g., resting, feeding, etc.).  Only those birds using the marsh, open water, flats, and adjacent forest edge (e.g., herons perched on dead trees) were noted.  Flyovers by landbirds generally were not recorded.  A breeding bird survey was not conducted at Damde Meadows.
The results of the avian survey are based solely only point counts and other observations made during the surveys.  Additional species that were not recorded during the surveys are likely using coastal environments at Damde Meadows.  
Findings

Twenty-eight species of birds, including 23 species of water birds (waterfowl, shorebirds, wading birds, marsh birds, etc.), were observed at Damde Meadows during the survey period (Table 2).  As in previous surveys, black ducks were the most frequently observed and most abundant bird species observed at Damde Meadows.  Black ducks were recorded during every survey, sometimes in large numbers in the late fall and winter (e.g., 120-130 black ducks were observed in the salt pond on January 13).  They are considerably less common during the late spring and early summer months when nesting.  It is possible that a pair of black ducks may nest in the marshes around the salt pond.  Mallards and buffleheads were also regularly recorded during the late fall and winter months, though in considerably fewer numbers.  Double-crested cormorants were also regularly observed (except in mid-winter) but in fewer numbers (e.g., 1-4 individuals).  Hooded merganser, red-breasted merganser, common golden-eye, and common eider were recorded in generally low numbers in late fall to late winter.  Waterfowl observed at Damde Meadows were often feeding either in shallow water (black duck) or diving for food in deeper sections of the salt pond (bufflehead, cormorant).
Belted kingfisher was commonly observed throughout the year at Damde Meadows.  Although nesting habitat (sandy bank or cliffs) is lacking, the salt pond and the dead trees bordering it provide excellent feeding and perching habitat for kingfishers.  Mute swans (2) were observed during the January 30 survey.  Although mute swans do nest in coastal ponds and tidal creeks, they are not known to be nesting in the salt pond.  
Wading birds, such as great egret, snowy egret and great blue heron, were observed during the July survey feeding along the shallow salt pond margins.  These wading birds are common at Damde Meadows, which probably serves as important feeding habitat for wading birds originating from nearby breeding colonies (e.g., Sarah Island).  Great blue herons were recorded during the fall surveys only.   A black-crowned night heron was reported during the July survey and was observed roosting in a cedar tree behind the ranger shack on September 13.   
Shorebirds, including greater yellowlegs and semi-palmated sandpipers, were most frequently recorded during the late summer and early fall at Damde Meadows.  Suitable feeding and resting habitat exists during low tide along exposed intertidal flats of Damde Meadows.  Broader tidal flats free of emergent vegetation along the northeast shore of the salt pond are especially attractive to migrant shorebirds.  Herring gulls were generally common during the surveys.  Ring-billed gull, Bonaparte’s gull, and least tern were also recorded at various times during the year.  
Among the waterbirds recorded at Damde Meadows during the surveys were five “Watch-list” species,
 including great blue heron, great egret, snowy egret, little blue heron, and least tern.  While some of these birds are migrants or transients, others may be from breeding populations in Boston Harbor or along the South Shore of Massachusetts Bay (e.g., snowy egret, great egret).  Coastal bird species not recorded during the surveys but observed at other times during 2006 include: green heron, spotted sandpiper, and osprey.
3.3 Fish and other Marine Fauna

Methods

Three fish surveys were conducted at Damde Meadows in 2006 (June 1, July 25, and August 9).  Eight minnow traps were deployed over a full tidal cycle in areas that remain at least partially submerged during low tide.  Three traps were placed in the area between the dikes (edge of tidal channel) and five traps were placed in the salt pond (Fig. 1).  The substrate in the vicinity of the three traps located between the dikes is gravelly muddy sand.  Traps in the salt pond are located on soft, muddy substrates with little, if any submerged vegetation.  Only trap locations 2, 3, 4, and 7 were set during the July and August surveys.  Fish samples were analyzed relative to species composition, average standard length (and max. and min. standard length), and total weight of each species.  Other marine species were identified and recorded.  

Findings

Mummichogs (Fundulus heteroclitus) vastly outnumbered all other fish captured during the 2006 survey, ranging from 50% to 100% of all fish caught in the traps (Table 3).  American eel and Atlantic silverside were also caught during the surveys, although in much fewer numbers.  The relatively low diversity of fish species is likely due to limited sampling, and possibly the timing of the surveys.  The relative abundance of mummichogs suggests this species is the most numerous of the small "estuarine" fish species at Damde Meadows, and highlights its important role in supporting the many waterbirds that utilize this coastal system.
Other marine species caught in the minnow traps included: shrimp (Palaemontes sp.), mud snail, green crab, and hermit crab.  Horseshoe crabs are also present in the salt pond.  Significant aggregations of blue mussels (Mytilus edulis) now occur in the vicinity of the tidal channel area between the dikes (these mussel beds contribute to sediment stabilization which may be impeding tidal exchange).  Other marine species, including slipper limpets (Crepidula sp.), common periwinkle (Littorina littorea), and marine algal species (Fucus sp. and Ascophyllum sp.) are common in areas with firmer substrates.
3.4 Salinity

Methods

Four salinity wells are located at Damde Meadows to collect salinity data from soil water at various depths (Fig. 1).  Salinity well S1 is located between the dikes in an area of patchy salt marsh (Transect 1).  Salinity wells S2 and S3 are located on Transect 2, adjacent to plots 4 and 5, respectively.  Well S2 is located on an unvegetated tidal flat on the shore side of a Phragmites marsh, while well S3 is located in Phragmites marsh.  Salinity well S4 is located on a tidal flat in the northeast corner of salt pond near a patch of Phragmites. 

Each salinity well station consists of a cluster of three (nested) wells, constructed with ½ inch PVC pipe, that extend 6" (six inches), 18", and 30" into the substrate.  The lower eight inches of each well is perforated with four pairs of holes (1/8" diam.) spaced two inches apart to allow soil water to be sampled at depths of 0-6", 12"-18" and 24"-30".  The wells are capped with two PVC elbows that form a U-shape (to prevent surface water from entering the well).  Salinity (ppt) was recorded for pore water samples taken from each nested well using a hand-held salinity meter (YSI Model 85).  
Pore water salinity was recorded on July 17, 2006 (except S4 on August 2, 2006).  Surface water salinity was measured at each of the four stations on August 2, 2006.
Findings

Soil water salinities were relatively uniform with depth at stations S1 and S2 (20-27 ppt), and exhibit a range similar to previous years measurements.  The salinity gradient with depth at station S4 may reflect surface tidal water associated with a low range neap tide on August 2.  The salinity distribution at station S3 is somewhat anomalous and may represent a measurement error.  Surface water salinities at each of the stations on August 2 range from 28.6 ppt to 31.7 ppt, indicating good mixing of tidal water within the salt pond.
3.5 Hydrology

No tide staff data was collected in 2006.  Periodic observations during 2006, however, indicate that low tide drainage at Damde Meadows has not changed appreciably since October 2004 when minor tidal channel clearing succeeded in dropping low water levels approximately six inches (tidal channel sediments were cleared again on August 29, 2005, but with little effect).  Tidal exchange between the Damde Meadows and Hingham Bay may be hindered by accumulating sediments.  Although strong tidal currents have scoured channels adjacent to the culverts, gravelly sediment deposited where tidal flows diminish have created a shoal in the middle section of the tidal channel between the two culverts.  Just north of the inner culvert, blue mussels have colonized gravelly sediments, which, in turn, are possibly impeding low-tide drainage from the salt pond (see photo 8). 

3.6 Photo Monitoring

Photographs were taken on September 25, 2006 at several fixed locations to visually record existing conditions at Damde Meadows, including vegetation characteristics, water levels, and existing structures (Attachment 1).  

�  A detailed description of the Damde Meadows Salt Marsh Restoration project is provided in the Notice of Intent by ENSR International (September 2001) and Environmental Notification Form by ENSR International (February 2002).


� Daubenmire, R.F., 1968.  Plant Communities: A Textbook of Plant Synecology.  Harper and Row, New York.


� Tiner, Ralph W., 1987.  A Field Guide to Coastal Wetland Plants of the Northeastern United States;  University of Massachusetts Press.


� The lack of surveys during the summer skews results toward those birds using the study area during the winter, spring and fall (e.g., black ducks), while migrants common during the summer months (e.g., herons) are underrepresented.


� Watch-list species are those plant and animal species that are potentially vulnerable to becoming Threatened or Endangered.
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