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 Easygrants ID: 28438 
National Fish and Wildlife Foundation NFWF/Legacy Grant Project ID: 1401.11.028438 

LI Sound Futures Fund 2011 - Planning -  All Types - Submit Final Programmatic Report (Activities) 

Grantee Organization: Sacred Heart University, Inc. 

Project Title: Restoration of a Coastal Shoreline at Stratford Point (CT) 

 

Project Period 09/01/2011  - 12/31/2012 

Award Amount $54,854.00 

Matching Contributions $61,912.00 

Project Location Description (from Proposal) Stratford Point, Stratford, CT is located directly on Long Island Sound 

and consists of approximately 28 acres of upland and 12 acres of 

shallow intertidal zone.  N41° 9'14.68" W073° 6'17.60" 

 

Project Summary (from Proposal) Develop a management plan for the restoration of 23 acres of coastal 

habitat, including 20 acres of grassland, .5 acres of dunes, and 1.4 acres 

of  intertidal marsh at Stratford Point.  Project will be used to engage 

hands-on restoration of neighboring natural areas and help guide future 

restoration activities. 

 

Summary of Accomplishments We have completed the management plan for Stratford Point, Stratford, 

CT that includes both short term and long term goals within the 

framework of an adaptive management plan.  We have collected all of 

the baseline data from Stratford Point and Milford Point (reference site) 

following our EPA approved QAPP.  We have completed the data 

analysis at this time which will serve to guide our future restoration 

activities while providing an ability to compare past, present, and future 

conditions at the site with regards to abiotic and biotic factors.  The 

developed restoration plan will facilitate the long term project planning 

(next ten years) at Stratford Point. 

 

Lessons Learned We have learned that the restoration project at Stratford Point will be 

complex, not necessarily biologically or ecologically but politically as 

we are dealing with multiple state agencies who have jurisdiction over 

many ongoing activities on site including remediation and planned 

restoration activities in the intertidal zone.  We are currently in the 

process of obtaining necessary permits to move forward with the next 

phase of our restoration planning that will focus on construction of a 

living shoreline to abate ongoing coastal erosion. 

 

 

Conservation Activities   • Produce plan to restore degraded and eroding coastal dune habitat 

Progress Measures   # of management plans created 

Value at Grant Completion  1 

Conservation Activities   • Produce plan to restore and expand existing sub-optimal coastal 

grassland 

Progress Measures   # of management plans created 

Value at Grant Completion  1 

Conservation Activities   • Produce plan to protect remnant vegetated peat in low-energy 

intertidal zone and to restore salt marsh fringe in low-energy intertidal zone 

Progress Measures   # of management plans created 

Value at Grant Completion  1 

Conservation Activities   • Produce plan to improve habitat conditions for target fauna based on 

comparative studies carried out at Stratford Point and relevant reference sites 

Progress Measures   # of management plans created 

Value at Grant Completion  1 

Conservation Activities   • Produce plan to improve habitat conditions for target flora based on 

comparative studies carried out at Stratford Point and relevant reference sites 

Progress Measures   # of management plans created 

Value at Grant Completion  1 
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Conservation Activities   • Develop adaptive management plan to be used toward 

implementation of management and conservation goals over the long term (10 years). 

Progress Measures   # of management plans created 

Value at Grant Completion  1 

Conservation Activities   Restore coastal grassland 

Progress Measures   Acres of habitat restored or enhanced 

Value at Grant Completion  20 

Conservation Activities   Restore coastal dunes 

Progress Measures   Acres of habitat restored or enhanced 

Value at Grant Completion  0.5 

Conservation Activities   Restore intertidal marsh 

Progress Measures   Acres of habitat restored or enhanced 

Value at Grant Completion  1.4 

Conservation Activities   Purchase and install one educatonal kiosk 

Progress Measures   # of educational signs 

Value at Grant Completion  1 

Conservation Activities   Purchase and install interpretive trail signs 

Progress Measures   # of educational signs 

Value at Grant Completion  10 
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Photos for Stratford Point Restoration – Part 1 

 
Figure 1.  Location of Stratford Point.  (N41° 9'14.68" W073° 6'17.60"). 
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Figure 2.  Aerial overview of Stratford Point in 1934 and 2010. - Note the presence of a 

ditched salt marsh on the site in 1934. The habitat on the entire Lordship peninsula is of an early 

successional nature with sparsely vegetated sections and barrens. The 2010 photograph shows the 

current situation. Erosion and loss of shoreline habitat is most severe in the area that historically 

formed the main channel of the site’s tidal marsh. Bright green vegetation seen in 2010 aerial 

represents areas dominated by undesirable species such as Common Ragweed (Ambrosia 

artemisiifolia) or Common Reed (Phragmites australis), while the remainder of the vegetation 

on-site is heavily affected by human disturbance.  (Red line indicates approximate property 

boundary; yellow dashed line indicates approximate boundary between high wave-energy and 

low wave-energy sections of site).  
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Figure 3.  Historical and current views of intertidal area.  The left panel presents a view of the 

Spartina marsh prior to the lead shot remediation in 2001.  The right panel is view of the site in 

2011. 

 

 

Figure 4.  Erosion of shoreline due to unattenuated wave energy. 
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Figure 5.  Restoration of coastal dune in Fall 2011.  A dune was constructed using underlying 

soft erosion control structures (sediment filled Geotubes) to prevent further erosion of the upland 

area. 
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Figure 6.  Susceptibility of constructed dune to wave action from storms. 
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Photos for Stratford Point Restoration – Part 2 
 

 

 

Figure 7. Coastal Upland Prior to Prescribed Burn  
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Figure 8.  Prescribed burn taking place 
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Stratford Restoration Photos Part 3 

 

Figure 9.  Post prescribed burn. 
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Figure 10.  Planting of Upland Area 
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Abstract  

Coastal zone habitats exist in areas of high disturbance that vary both in cause, frequency and 
intensity. Disturbances, both natural and anthropogenic, can disrupt ecosystem functions in an 
area. Through our remediation efforts, we are working to restore ecosystem functions to 
Stratford Point, a degraded coastal property located at the junction of the west side of the 
Housatonic River and the Long Island Sound in Connecticut. Milford Point, on the east side of 
the Housatonic River, is a protected wildlife management area used as a reference site. Both sites 
are subject to disturbances (e.g. flooding from hurricanes and sea level rise, controlled burns, 
human trampling, invasive species, etc.). Baseline assessments of species richness and 
abundance of upland vegetation and terrestrial invertebrates, as well as upland soil characteristics 
were measured at both sites in 2011. Data was collected again in 2012 after a prescribed burn 
and restoration of native woody trees and shrubs. Our study reveals long-term monitoring and 
management is important for successful stabilization of the coastal zone and maintenance of 
coastal zone habitat function. 
 
Keywords: coastal zone, remediation, rehabilitation, revegetation. 
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Introduction  
Estuarine and coastal habitats are some of the most heavily utilized and most threatened 

natural systems across the globe (Lotze et al. 2006, Worm et al. 2006, Halpern et al. 2008).  The 
coastal zone, occurring at the land-water interface, includes a mix of wetland and upland habitats 
that provide tangible benefits such as buffering effects of storms, filtering out pollutants in 
runoff, opportunities for recreation and tourism, and vital habitat for spawning grounds, 
nurseries, shelter, and foraging (Barbier et al. 2011, Niedowski 2000) Coastal habitats are 
subjected to high levels of disturbance that vary both in frequency and intensity including 
hurricanes, runoff, sedimentation, sea level rise, as well as coastal development and other human 
uses including fishing/harvesting, aquaculture, marine trades, and access for recreational 
activities (Greipsson 2011). Long-term disturbance, historical loss and alteration of habitats, 
urbanization has increased the need for coastal habitat restoration (Madgwick & Jones 2002). 

Restoration of highly disturbed coastal habitats involves activities that include remediation 
(e.g. removal of contaminants), rehabilitation (e.g. dune construction and prescribed burning) 
and revegetation (e.g. planting of native beach grasses and upland woody species). 
Unfortunately, confidence levels are often low regarding the target goals of many restoration 
projects.  This is due to the uncertainty regarding natural variation in temporal and spatial 
conditions with respect to hydrology, weather, growth and reproduction of plants and animals, 
effects of natural predators and invasive species, and changes in the surrounding landscape due 
to human activity (Thom 2000). The development of successful restoration projects requires an 
understanding of the state of the system, the prognosis for further development, the measures 
needed to correct problems, and a long term commitment via monitoring and if needed, 
additional action. 

In Connecticut, development of coastal habitat has been extensive and has significantly 
impacted the Long Island Sound (LIS) and its coastal resources. Historic data indicate that an 
estimated 30% of all tidal marshes in Connecticut have been destroyed due to dredging and 
filling since colonial times (Niering and Bowers 1995). Many of the remaining wetland habitats 
are now degraded as a result of these earlier human actions combined with competition between 
native plants and invasive species, making coastal sand dune, upland and marsh habitat a high 
conservation priority in Connecticut (CT DEP 2005). Of conservation concern are two federally-
listed shorebirds, the Piping Plover (Charadrius melodus; Threatened) and the Least Tern 
(Sternula antillarum; Endangered), species that rely on coastal dune habitat as nesting sites 
(Endangered Species Act 1972). Restoration of coastal dune systems is no longer an option at 
many past dune locations around LIS due to current land development and usage. Long Island 
Sound lies within one of the most densely populated regions of the United States. More than 
eight million people live in the LIS watershed and millions more visit yearly for recreational 
activities. Long-term use of the Sound has resulted in significant impairments to the ecological 
integrity of the estuary including residential, commercial, and recreational development which 
have resulted in increased pollution, altered habitat, and restricted access.  Habitat alteration and 
destruction have harmed native wildlife populations including reducing the breeding grounds and 
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nursery habitat for a variety of species and have increased the incidences of hypoxia, toxin and 
pathogen contamination, and floatable debris (Long Island Sound Comprehensive Conservation 
and Management Plan 1994).Ultimately, the goal of restoring biodiversity and ecosystem 
services to coastal habitats is very important in the light of our history of coastal habitat 
alteration and the continued effects of climate change on these degraded coastlines. 

Here we report on the first stages of a long-term collaborative coastal habitat restoration 
project at Stratford Point that has already included a coastal dune construction, a prescribed burn, 
and upland planting of native woody tree and shrub species. Milford Point, part of the Stewart B. 
McKinney National Wildlife Refuge, is located across the Housatonic River from Stratford Point 
and is used as a reference site for our management plan. Both sites are subject to disturbances 
(e.g. flooding from hurricanes and sea level rise, controlled burns, human trampling, invasive 
species, etc.), but each have very different histories of intensity and duration of disturbance. 
These differences in disturbance regimes have led to ecological communities characterized by 
different flora and fauna. Characterization of the composition of the existing ecological 
community is imperative for developing a management plan for these sites and other coastal 
zones as it provides a baseline of information for use in future monitoring and documentation of 
changes affecting the area over time. Data-driven restoration efforts also allow for creation of 
goals or targets and a method to assess the successful completion of these goals throughout the 
long-term management of a site. It is our intent that this restoration project will serve as a model 
for restoration efforts in other degraded coastal zones, both in and out of the State. 

 
Site Descriptions 
 
Stratford Point: The Restoration Site  

Stratford Point is a peninsula in the Lordship section of Stratford, Connecticut located near 
the mouth of the Housatonic River (Figure 1) The site is situated between two subunits of the 
Stewart B. McKinney National Wildlife Refuge (Wheeler Marsh in Milford, CT and Great 
Meadows Marsh in Stratford, CT) and is surrounded by several additional natural areas (e.g. 
Long Beach/Pleasure Beach, Connecticut Audubon Society’s Coastal Center at Milford Point, 
Charles Island, and Silver Sands State Park). In the aggregate, these areas include a wide range 
of critical habitat types that support a significant number of Greatest Conservation Need species 
(per Connecticut Comprehensive Wildlife Conservation Strategy) as well as species listed in 
Connecticut’s Threatened and Endangered Species Act.  

The property itself consists of approximately 28 acres (11.3 ha) of upland and an additional 
12 acres (4.8 ha) of shallow intertidal zone. The southeast-‐facing section of Stratford Point’s 
shoreline (generally referred to as the ‘high energy’ section of the shoreline) borders the Long 
Island Sound and is exposed to more intense wave action and wind shear than the north-facing 
section of the site (the ‘low-‐energy’ section), which faces a relatively sheltered cove at the mouth 
of the Housatonic River. The upland section of the site supports a grassland habitat. 
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Due to its location, Stratford Point is an integral component in the interconnected matrix of 
coastal habitats located near the intersection of the Housatonic River and the Long Island Sound. 
In its current form, it is an important migratory stop-‐over site for a variety of birds, Lepidoptera 
and Odonata and provides valuable wintering habitat for waterfowl. However, restoration and 
data-‐driven management of the site’s coastal habitat can greatly improve its quality and 
functionality to a wider variety of native and at-‐risk species in the region. 

Central to the restoration of Stratford Point’s coastal habitat is the site’s historic use and 
impact of subsequent remediation efforts. Stratford Point is currently owned by Sporting Goods 
Properties, Inc., a subsidiary of E.I. du Pont de Nemours and Company (DuPont).  The property 
is the home of the former Remington Arms Gun Club, also referred to as the Lordship Gun Club, 
which operated as a trap and skeet shooting facility from 1926 to 1986. Lead shot and clay target 
fragments accumulated over decades of use in the upland and intertidal habitats of the site. 
Large-scale remediation in 2000-‐2001 removed the bulk of these contaminants, and subsequent 
small-‐scale clean-‐up efforts have removed remaining lead ‘hot spots.’ While cleaned of lead shot 
contamination, the coastal habitats of Stratford Point lost much of their ecological integrity 
throughout the remediation process that removed virtually all upland, shore and intertidal 
vegetation. 

During the 2000-2001 remediation, much of the upland habitat was used for dredge spoil 
staging and processing. After completion, the site’s upland area was backfilled with local sand, 
gravel and some fine-‐grained material from other parts of the site. The area was then re-‐graded, 
flattened and subsequently re-‐seeded in summer 2002 with a mixture of prairie grasses that were 
deemed tolerant to the prevailing environmental conditions.  Conditions today reflect the 
remediation efforts, with the present grassland composed of many of the seeded prairie grasses 
and other native and non-native herbaceous plants that have since colonized the site.  

The intertidal zone was also hard hit by the remediation. Upon completion of the 2000-2001 
cleanup, several thousand Spartina alterniflora plugs were planted along the low-energy portion 
of the site. However, complete removal of the peat matrix that formed the substrate for tidal 
marsh vegetation pre-‐remediation dramatically altered growing conditions. Many of the new 
Spartina plugs washed away soon after they were planted, along with the fine sediment that was 
returned to the currently unprotected low-‐energy beach. Surviving plant material in the intertidal 
region was removed soon after by large flocks of Canada geese (Branta canadensis) that 
descended on the property. Since then, Stratford Point has been largely devoid of tidal marsh 
vegetation with the exception of a few residual peat-‐based Spartina alterniflora stands that were 
left untouched during the past remediation projects.  

Currently, Stratford Point is undergoing ecological restoration and being managed through a 
collaborative effort of University researchers, the private landholder (DuPont) and a non-profit 
organization (Connecticut Audubon Society).  A 2001 conservation easement on the site now 
ensures that Stratford Point will remain undeveloped in perpetuity and that its habitat and 
conservation values are protected while remaining accessible to the general public for 
“ecologically responsible educational activities and recreational activities.” Thus far, restoration 
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efforts have included installation of an artificial dune system on the low-energy portion of the 
site, a prescribed burn of the upland area (Figure 5), and revegetation of the upland using native 
woody trees and shrubs.  

Artificial dune construction was completed in December 2011 by installing underlying soft 
erosion control structures (sediment-filled Geotubes) to prevent further loss of upland along the 
north shore (low-energy section). The dune was planted with dune grass plugs and treated with 
herbicides to control growth of herbaceous plants. Though the dune was fully vegetated by the 
end of the 2012 growing season, Hurricane Sandy (Nov. 2012) destroyed the entire dune area. 
Reconstruction of the dune is scheduled to take place in early spring 2013.  

A controlled burn of the upland area of the site in February 2012 was conducted with the 
goal of reducing the large amounts of thatch that had built up over a ten-year period while 
simultaneously allowing for new plant growth of native species and controlling for some 
invasive plant species.  

Revegetation of the upland at Stratford Point began in the spring of 2012 to (1) enhance 
migratory bird stop-over sites, (2) provide cover for winter resident wildlife, (3) increase seed 
rain (deposition) by birds, (4) speed natural succession in the upland area, (5) shade out invasive 
plant species, and (6) increase habitat complexity.  Ninety-six woody plants were installed in 
four habitat islands (groups).  Each grouping consisted of two Northern Hackberry (Celtis 
occidentalis,), two Eastern Red Cedar (Juniperus virginiana), four Beach Plum (Prunus 
maritime), four Shadbush (Amelanchier canadensis), four Northern Bayberry, (Myrica 
pensylvanica), four Staghorn Sumac (Rhus typhina), and five Red Bearberry (Arctostaphylos 
uva-ursi).  The growth and spread of these species will be measured and wildlife usage will be 
documented over the next 10 years as part of the management project.  

 
Milford Point: The Reference Site  

Milford Point is a barrier beach complex on the east side of the Housatonic River, separating 
the Charles Wheeler Marsh from the Long Island Sound (Figure 1) Much of Milford Point’s 
upland is developed and privately owned, but approximately 10 acres is owned by the State of 
Connecticut and leased to the Connecticut Audubon Society (CAS). This area, the Smith-‐
Hubbell Wildlife Refuge, located adjacent to the CAS Coastal Center, is managed by CAS and 
contains a coastal dune complex, upland early successional grassland and scrubland habitat and 
some stands of trees. Milford Point is surrounded by coastal habitat, with sandy beach on the 
Long Island Sound side and a tidal marsh fringe on the Wheeler Marsh side. In recent years, an 
extensive series of sand bars and a young tidal marsh have formed in the Long Island Sound, 
adjacent to the mouth of the Housatonic River, and have secondarily connected to Milford Point. 
Approximately 14 acres at the very tip of the peninsula are owned by the USFWS as part of the 
Stewart B. McKinney refuge complex. 

Milford Point supports a variety of state-listed plant species including Eastern Prickly Pear 
Cactus (Opuntia humifusa; Special Concern), Blazing Star (Liatris scariosa var. novae-angliae; 
Special Concern), Panic Grass (Panicum amarum; Threatened) and Sickle-leaved Golden Aster 
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(Pityopsis falcata; Endangered), and provides breeding habitat for state-endangered Horned Lark 
(Eremophila alpestris). Comparable, intact sandy beach and dune systems at Milford Point 
provide suitable breeding habitat for Piping Plovers (Charadrius melodus; Threatened), Least 
Terns (Sternula antillarum; Threatened), and other species of conservation concern such as 
Horseshoe Crabs (Limulus polyphemus) and Diamond-back Terrapins (Malaclemys terrapin). 

Currently, Milford Point is somewhat protected from further development but is susceptible 
to over-use by human recreational activities.  Very little is being done about the management of 
this site and its maintenance as a refuge for native wildlife, although piping plover (Charadrius 
melodus) nests are covered with protective fencing by volunteers every spring. 
 
Methods 
 
Upland sampling  

Baseline assessments of species composition and abundance of upland vegetation, and 
insects were measured at both sites in 2011 and repeated in 2012.  Stratford Point and Milford 
Point were surveyed from May through using a permanently marked line transect sampling 
strategy. Stratford Point, the larger property, was assigned three transects  ranging from 130 to 
160 meters and Milford Point assigned three transects ranging from 100 to 80 meters (Figures 2 
and 3). Every ten meters along the permanently marked transect lines, a one m2 quadrat was used 
to sample plant species percent cover in addition to percent cover of both bare ground and leaf 
litter. What we report here are the results from a combined sampling effort of 112 1m2 quadrats 
at Stratford Point in 2011 and 64 1m2 quadrats at Milford Point in 201. The sampling protocol 
remained the same from 2011 to 2012, and the same transect lines were used but with an 
increased sample size of 131 1m2quadrats at Stratford Point in 2012 and 116 quadrats at Milford 
Point in 2012.  

Pit traps were deployed along the permanently marked transect lines in 2011 and 2012 at 
both Milford and Stratford Point to sample the terrestrial invertebrate community of the coastal 
upland. Pit traps were designed to collect any invertebrates living on the soil surface and 
consisted of glass test tubes, 15cm in length and 3cm in diameter, which were filled halfway with 
soapy water and placed in a hole so that the top of the tube was just below ground level. Traps 
were deployed for five day intervals in July and August 2011 at both sites every 10 meters along 
the transect lines for a total of 20 traps at Milford Point and 20 traps at Stratford Point. In 2012, 
traps were deployed for five day intervals in the same locations in June, July and August for a 
total of 75 traps at Milford Point and 75 traps at Stratford Point. The contents of the pit traps 
were sorted, counted and the invertebrate species were all identified to order and approximately 
90% were identified to family. 

Upland sediments were collected prior to the prescribed burn in February 2012 and again 
after the summer growing season in August 2012 at Stratford Point. Upland sediment samples 
were collected once at the reference site, Milford Point, in February 2012. Since no restoration 
activities were conducted at Milford Point, an additional sampling was not conducted in August 
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2012.  At Stratford Point, samples were collected along the existing transect lines at 10m, 50m, 
90m, 130m, and 170m, beginning in the upland area of the site and progressing towards the 
shoreline. At Milford Point, samples were collected along the road, in the back dune area, middle 
dune area and along the edge of the dune closest the shore. Pre-burn samples from Stratford 
Point and baseline samples from Milford Point were analyzed for grain size, soil nitrate-nitrogen, 
soil orthophosphate, soil pH and percent organic content according to methods described in Burt 
(2009). Post-burn samples from Stratford Point were analyzed for all of the aforementioned 
characteristics, with the exception of grain size. Grain size was determined by drying the 
sediments at 105°C for 1 hour, sifting the sediments using a set of standard sieves (2.0, 1.4, 1.0, 
0.71, 0.50, 0.35, 0.25, 0.18, 0.125, 0.090, and 0.063mm), and analyzing the resulting data using 
the GRADISTAT program (Blott and Pye 2001). Soil pH was analyzed in the laboratory using a 
digital pH meter. Nutrient content of the samples was measured using a Hach DR/2400 
Spectrophotometer (mg/kg) and organic content measured by drying the samples at 105°C for 1 
hour, weighing, and subsequently igniting to 500°C in a muffle furnace for 24 hours and 
reweighing.  
 
Intertidal sampling  

All intertidal sampling was conducted in July 2012 and serves as baseline data. Intertidal 
macroinvertebrates were sampled utilizing 0.25m2 quadrats placed along extensions of existing 
transect lines (Figures 2 and 3).  Invertebrates were separated from the sediment utilizing a 5mm 
mesh screen. All samples were sorted, counted and 95% were identified to species in the 
laboratory.  

Intertidal sediments were collected from 0.25-m quadrats using a bucket auger along two of 
the transects lines at Stratford Point and two transect lines at Milford Point. The sediment was 
dried, sifted in a set of standard sieves (2.0, 1.4, 1.0, 0.71, 0.50, 0.35, 0.25, 0.18, 0.125, 0.090, 
and 0.063mm), and analyzed using GRADISTAT (Blott and Pye 2001). 
 
Statistical analyses  

Vegetation, terrestrial invertebrate and intertidal invertebrate data were analyzed using 
Primer 6, while soil characteristics were analyzed using JMP. Prior to analysis, Bray–Curtis 
similarities were calculated. Differences in the structure of vegetation, terrestrial invertebrate and 
intertidal invertebrate assemblages between sites were tested using a one-way analysis of 
similarities (ANOSIM). The contribution of each species or family to the average similarity 
within a site and the average dissimilarity between sites was determined using PRIMER’s 
similarity percentages (SIMPER) routine. Soil characteristics were compared using MANOVA 
analysis and GRADISTAT.  
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Results  
 
Intertidal  

ANOSIM analysis of the intertidal macrofaunal data revealed a significant (p < 0.001) 
difference in the macrobenthic community composition between Stratford Point and Milford 
Point (Global R: 0.856).  Stratford Point was numerically dominated by the eastern mud snail 
(Ilyanassa obsoleta) and the softshell clam (Mya arenaria) while Milford Point was numerically 
dominated by the Atlantic marsh fiddler crab (Uca pugnax) and the ribbed mussel (Geukensia 
demissus) (Figure 6, Table 1). Analysis of intertidal sediments further illustrates these site-to-site 
differences, with sediments at Stratford Point containing a higher proportion of coarse-grained 
material than sediments at Milford Point (Figure 7).  

 
Coastal Upland: Effects of the Prescribed Burn  
 
Vegetation  

ANOSIM analysis of the upland vegetation community data revealed a significant (p < 
0.001) difference in the vegetation community composition between the two sites, Stratford 
Point and Milford Point, and across the two sampling years, 2011 and 2012 (Global R: 0.317, 
Table 5).  The ten plant species accounting for 90% or more of the species percent cover sampled 
at Milford and Stratford Point over the two year sampling period differ dramatically (Figures 10, 
11, Table 2). At Milford Point, the dominant plant was American beach grass (Ammophila 
breviligulata), while at Stratford Point, Big Bluestem (Andropogon gerardii) and Common 
Mugwort (Artemisia vulgaris) were dominant.  

While a greater number of plant species were observed at Stratford Point, the majority of the 
species found were either non-native or native but not coastal dwelling. Milford Point had a 
higher percentage of native coastal species when compared to Stratford Point (Figure 8). Both 
Milford Point and Stratford Point are threatened by the presence of several non-native and 
aggressive plant species.  

ANOSIM analysis of the ground cover data revealed a significant (p < 0.001) difference in 
the composition of bare ground, leaf litter and green vegetation between the two sites and across 
the two sampling years (Global R: 0.112, Table 6).  After the prescribed burn in February 2012, 
the mean percent cover of leaf litter decreased while mean percent cover of bare ground 
increased (Figure 9).  Over the same time period, Milford Point, our reference site, remained 
relatively constant in the measured percentage of bare ground, leaf litter and green vegetation 
(Figure 9).  
 
Terrestrial invertebrates  

Milford Point and Stratford Point shared 4 of the 5 terrestrial invertebrate families 
comprising >90% of the organisms sampled (Figure 14, Table 7). The two sites had an 



Page 22 of 60

   9 
 

abundance of ants, elongate-bodied springtails, pillbugs, and soil mites, while Stratford Point had 
an additional abundance of globular springtails and Milford Point had spiders.  

 
Sediments 
 All data were tested for normality and homogeneity prior to analysis and transformed if 
necessary. For MANOVA analysis of baseline sediments between sites, percent organic content 
was fourth-root transformed, nitrate-nitrogen was log+1 transformed, and phosphate was raised 
to the fourth power to normalize the data. For MANOVA analysis of Stratford Point pre-burn 
versus post-burn sediment characteristics, % organic content was normalized by taking the 
square root. Outliers were excluded from both MANOVA tests.  

Analysis of mean pH, % organics and soil nutrient content of baseline data from Milford 
Point and Stratford Point indicated a significant difference between soil characteristics at the two 
sites (F4,26 = 6.9706, p = 0.0006). Average pH, % organic content, and nitrate nitrogen content 
were slightly higher at Stratford Point than at Milford Point, while average orthophosphate 
content was very similar between the two sites (Figure 12 ). Baseline data collected on soil grain 
size indicated that Milford Point has finer sediments than Stratford Point (Figure 13).  

Pre and post-burn comparison of Stratford Point samples indicated a significant difference in 
soil characteristics (F3, 32 = 10.4949, p <0.0001).  Post-burn at Stratford Point, mean % organic 
matter increased as well as pH, while nitrate-nitrogen content decreased. Post-burn 
orthophosphate was not measured.   
 
Discussion 
 
Intertidal  

The dominant species of Stratford Point, the eastern mud snail (Ilyanassa obsoleta) and the 
softshell clam (Mya arenaria), are both organisms typical of Long Island Sound tidal mud flats 
(Wahle and Balcom 2002). The Atlantic marsh fiddler crab (Uca pugnax) and the ribbed mussel 
(Geukensia demissus)that dominated at Milford Point are organisms commonly associated with 
Spartina alterniflora saltmarshes (Bertness 1984, Bertness 1985, Wahle and Balcom 2002). 
Historically, Stratford Point was fringed by Spartina marsh, however, removal of the peat matrix 
during past remediation efforts has altered the substrate, causing a shift in the intertidal 
community structure of this site (Figure 4). Milford Point, our reference site, has an existing and 
currently expanding Spartina marsh system. Vegetated shorelines like Milford Point are subject 
to lower erosion rates than unvegetated shorelines, and viable stands of Spartina alterniflora not 
only absorb substantial wave energy but can retain sediment and result in beach accretion 
(Barbier et al. 2011, Gedan et al. 2011). Spartina root masses can stabilize sediment in the 
intertidal zone, while aboveground plant parts help reduce wave energy prior to impact with the 
shoreline, resulting in decreased bank erosion (Barbier et al. 2011, Gedan et al. 2011). 

Sediment accretion and sediment stabilization are important factors in erosion control, 
making recreation of a Spartina marsh system a top priority for the restoration of Stratford 
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Point’s low-energy shoreline. Installation of an oyster berm in the intertidal zone of the low-
energy area at Stratford Point is now in the planning stages. Goals of the berm installation 
include: stabilizing the near shore environment, increasing sedimentation rates, and increasing 
recruitment and germination of Spartina beds and its associated invertebrate community.  

Our data suggest that sediment grain size is directly correlated with species of invertebrates 
found in the intertidal zone, however, further statistical analysis is required to draw more definite 
conclusions.  
 
Coastal Upland 

Our data suggest that the prescribed burn at Stratford Point had an effect on the vegetative 
community by decreasing percent cover of leaf litter and increasing percent cover of bare ground 
(Figure 9).  Decreased leaf litter and nutrient availability should alleviate the proliferation of 
invasive species while increasing the proliferation of native grass species (Schacht et al. 1996). 
We hope that the increase in bare ground provides opportunities for native vegetation (including 
endangered and threatened species such as Sickle Leaved Golden Aster and Eastern Prickly 
Pear) to germinate and establish populations. Over the same time period, Milford Point reflected 
what we would expect from a more resilient or stable site, with mean percent cover of bare 
ground, leaf litter and green vegetation remaining relatively constant over time, despite 
disturbances from natural storm events.  

Ideally, we would like the vegetation community at Stratford Point to mirror a combination 
of the community present at Milford Point and the coastal dune and sand plain communities 
described for Connecticut in the early 1900s (Nichols 1920, Olmstead 1937, Table 3 and 4). One 
of the challenges in ecological restoration is identifying the type of community to restore an area 
to. Historically, prior to ditching and development, what is now the upland area of Stratford 
Point was a tidal marsh. It is not feasible to recreate a marsh system throughout the entire upland 
area; however, we are aiming to create a thriving coastal grassland/dune system in addition to a 
fringing tidal marsh, providing increased habitat diversity.  

The prescribed burn (Feb. 2012) and the saltwater inundation from Hurricane Irene (Fall 
2011) appear to have caused shifts in the terrestrial invertebrate community composition and 
Stratford Point and Milford Point, respectively. A decrease in pillbugs (Armadillididae) at 
Stratford Point post-burn coincides with the removal of leaf litter, which pillbugs typically use as 
habitat and as a food source (David and Handa 2010).   

Soil characteristics were also altered after the prescribed burn. Data exhibited a decrease in 
average nitrate-nitrogen content post-burn, which could be partially due to volatization during 
burning (Knicker et al. 1996). We did not measure total nitrogen, making it possible that an 
increase in total nitrogen occurred but in forms not available to plants and was not examined. 
Other studies have observed a decrease in total N while others have reported no difference in 
post-fire burning (Schacht et al. 1996).  
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We observed an increase in percent organic matter after the prescribed burn at Stratford 
Point, which may be explained by the accumulation of charred dead plant material after the burn 
(Knicker et al. 1996).  

The observed increase in basicity of soil pH has been observed in other studies (Uecker et al. 
1978) and Schacht et al. suggests this may be due to a “reduction in organic acids and the 
increase in bases after release of salts of calcium, potassium, magnesium, and sodium” (1996).  

Many studies have found that any changes in soil physical or chemical properties that occur 
after a prescribed burn event are temporary, returning to post-burn levels after only a few years 
(Schacht et al. 1996). In a similar study on a grassland with grass species composition 
comparable to the seed mix that was sown at Stratford Point in 2000-2001 (including big 
bluestem Andropogon gerardii, indiangrass Sorghastum nutans, switchgrass (Panicum 
virgatum), sideoats grama Bouteloua curtipendula and sand lovegrass Eragrostis trichoides), soil 
pH, EC, total N content, and organic matter content of the top 30 cm of the soil profile were 
generally not affected by burning treatments (Schacht et al. 1996). This is important to consider 
from a management perspective and may support the continued use of prescribed burns at 
Stratford Point every few years. 

 Additionally, though the soil characteristics were statistically significant, it is unlikely that 
this difference is biologically relevant because of the closeness of the values. Orthophosphate 
analysis was not included in the pre-burn/post-burn MANOVA because of multiple values 
reading “under-range” by the sampling equipment. Though we cannot state the statistical 
significance of these results, values reading “under-range” are quite different from the pre-burn 
orthophosphate readings, suggesting that there is a difference between orthophosphate content 
pre-burn and post-burn at Stratford Point. Overall, this data is preliminary and represents only 
one growing season after the prescribed burn. Future analysis will provide more insight into the 
benefits of using this restoration technique at Stratford Point.  
 
Conclusion 

The development of successful restoration projects clearly requires an understanding of 
the state of the system, the prognosis for further development, the measures needed to correct 
problems, and a long term commitment via monitoring.  Establishing baseline data is an 
important step in understanding the state of the system.  These initial data provide reference 
points for restoration actions and allow managers to gauge the success of various actions along 
the long-term restoration management plan.  For instance, baseline data at Stratford Point 
allowed us to compare pre and post-prescribed burn vegetation and terrestrial invertebrate 
communities. This comparison indicated that the prescribed burn was effective in increasing 
open space, reducing leaf litter, and altering the invertebrate community. Analysis of pre and 
post-burn sediments revealed changes in the soil characteristics as well. Long term monitoring of 
the upland area will allow managers to assess whether additional prescribed burns are necessary 
and if the upland plantings will result in increased recruitment of native plants while helping 
shade out invasive species such as Common Mugwort (A. vulgaris). 
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The continued collection of data over the long term will allow restoration project 
managers to increase the predictability of success in the face of uncertainty due to variation in 
natural phenomena such as hurricanes and other temporal events.  While year-to-year variation in 
plant population sizes (evenness) and species composition may occur, sites with fewer 
disturbances tend to be stable over the long term (Chapin et al. 2000).  Currently, the highly 
disturbed coastal zone habitat at Stratford Point does not have much resilience or resistance to 
environmental change (Chapin et al. 2000). Both Stratford Point and Milford Point have a 
proliferation of invasive plant species, however, Milford Point has a higher percentage of native 
coastal vegetation, suggesting that Milford is more resilient and resistant as the disturbance 
regime than Stratford Point.  

Collaborative efforts involving multiple stakeholders leads to a dynamic coastal 
management plan allowing for re-establishment of ecosystem services and varied uses. The 
Stratford Point coastal habitat restoration project can be used as a model for future restoration 
efforts in other degraded coastal zones. This project demonstrates how restoration efforts can 
promote the cooperation and participation of State, non-profit organizations and businesses in 
preservation and management of valuable coastal habitat.  Combining the efforts of university 
researchers, conservation biologists from a non-profit organizations, habitat restoration 
companies, responsible landowners, and state and local authorities allows for effective and 
successful development of restoration strategies.   

This is a unique project that has already integrated numerous management tools across a 
degraded coastal community including: controlled burn for invasive plant eradication and thatch 
reduction, Geotube installation for dune and shore stabilization, and upland native woody plant 
installation for soil stabilization, invasive species control, and enhancement as a migratory bird 
stop-over site. These best practices for restoration projects can be applied to similarly degraded 
coastal areas around Long Island Sound. 
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Table Legends 
 

Table 1. Species accounting for >1% of total individuals at either Milford Point or Stratford 
Point, and average abundance per meter squared at each site.  

 
Table 2.   A combined list of the top ten most abundant upland plant species, both common 
and Latin names, identified in the quadrat samples from Milford Point and Stratford Point in 
2011 and 2012.  A complete list of species found is available upon request. 
 
Table 3. Common Plants of Coastal Dunes and Beaches found in Connecticut in the early 
1900s. 
 
Table 4. Common Plants Sand Plains found in CT in the early 1900s.  
 
Table 5. Results of a one-way crossed analysis of similarities (ANOSIM) test (R values) of 
differences in structure of the upland plant community assemblages between Stratford Point 
and Milford Point across all sampling dates. Abbreviations are M for Milford Point and S for 
Stratford Point, followed by the month and year (MM11 = Milford Point May 2011, SA12 = 
Stratford Point August 2012). *p<0.0001 
 
Table 6. Results of a one-way crossed analysis of similarities (ANOSIM) test (R values) of 
differences in ground cover percentages (% bare ground, % leaf litter, % green vegetation) at 
Stratford Point and Milford Point across all sampling dates. Abbreviations are M for Milford 
Point and S for Stratford Point, followed by the month and year (MM11 = Milford Point May 
2011, SA12 = Stratford Point August 2012). *p<0.0001 

 
Table 7.  A combined list of the top five most abundant terrestrial invertebrates found in pit 
traps Milford Point and Stratford Point in 2011 and 2012.  The common names and Latin 
family names are listed. Unknowns were identified to order.  A complete list of invertebrates 
is available upon request. 
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Table 1. Species accounting for >1% of total individuals at either Milford Point or Stratford Point, and average abundance per meter squared at each 
site.  
  Stratford Point Milford Point 
Annelida    
   Nereis succinea  4.33 4.68 
   Nereis virens  3.67 0.43 
   Pectinaria gouldii  5.00 - 
Arthropoda    
   Amphipod, unknown spp.  - 3.40 
   Uca pugnax  - 22.13 
Mollusca    
   Ilyanassa obsoleta   169.00 11.91 
   Mya arenaria  114.00 4.26 
   Geukensia demissus  - 42.13 
   Mytilus edulus  27.00 - 
Macoma balthica  - 3.40 
Melampus bidentatus   - 4.26 
Nemertea    
Cerebratulus lacteus  4.00 - 
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Table 2. Upland Plant Species 
 
Common Name Scientific Name Common Name Scientific Name 
American Dune Grass Ammophila breviligulata Sickle-leaved Golden Aster Chrysopsis falcata 
Beach Pea Lathyrus japonicus Spotted Knapweed* Centaurea maculosa 
Big Bluestem Andropogon gerardii Tall Dropseed Sporobolus asper 
Black Locust Robinia pseudoacacia Tall Wormwood Artemisia campestris 
Bladder Campion* Silene vulgaris White Sweet Clover* Meiliotus alba 
Canada Bluegrass* Poa compressa   
Common Evening Primrose Oenothera biennis   
Common Mugwort* Artemisia vulgaris   
Field Pennycress* Thlapsi arvense   
Horseweed Erigeron canadensis    
Little Bluestem Schizachyrium scoparium   
Low Hop Clover* Trifoilium campestre   
Redtop* Agrostis alba   
Seaside Goldenrod Solidago sempervirens   
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Table 3. Common Plants of Coastal Dunes and Beaches, 1900s 
 
Common Name Scientific Name Common Name Scientific Name 
American Sea Rocket Cakile edentula Indian Posy Gnaphalium polycephalum 
Annual Ragweed Ambrosia artemisifolia Lambsquarters Chenopodium album 
Beach Pea Lathyrus japonicus Northern Blazing Star Liatris scariosa  
Beach Pinweed Lechea maritima Panic Grass Panicum amarum 
Beach Plum Prunus maritima Poison Ivy Rhus radicans 
Beach Sedge Carex silicea Prostrate Knotweed* Polygonum aviculare 
Black Cherry Prunus serotina Purple Sandgrass Triplasis purpurea 
Butter & Eggs Toadflax* Linaria vulgaris Rabbit-foot Clover Trifolium arvense 
Canada Bluegrass* Poa compressa Russian Thistle* Salosa kali 
Canada Cocklebur Xanthium strumarium var. canadense Sandwort Arenaria peploides  
Canada Germander Tecurium canadense littorale Seaside Goldenrod Solidago sempervirens 
Coastal Jointweed Polygonella articulata Sedge Cyperus filiculmis 
Common Dandelion Taraxacum officinale Small Bayberry Myrica caroliniensis 
Common Mullein* Verbascum thapsus Sumac Rhus spp. 
Common Yarrow Achillea millefolium Tall Wormwood Artemisia campestris caudata  
Eastern Red Cedar Juniperus virginiana Trailing Wild Bean Strophostyles helova 
European Beach Grass* Ammophila arenaria Triangle Orache Atriplex patula hastata 
Evening Primrose Oenothera spp. Tufted Lovegrass Eragrostis pectinacea 
Forked Bluecurls Trichostema dichotomium Wild Rose Rosa virginiana  
Horseweed Erigeron canadensis    
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Table 4. Common Plants Sand Plains found in CT in the early 1900s 
 
Common Name Scientific Name Common Name Scientific Name 
Big Cordgrass Spartina cynosuroides  Poverty Dropseed Sporobolus vaginiflorus 
Black Bindweed Polygonum convolvulus  Red Sheep Sorrel* Rumex acetosella 
Black Cherry Prunus serotina Round-headed Bush Clover Lespedeza capitata 
Clasping Milkweed Asclepias amplexicaulis Slender Crabgrass Digitaria filiformis  
Coastal Jointweed Polygonella articulata Smooth Blackberry Rubus canadensis  
Canada Bluegrass* Poa compressa  Soapwort Saponaria officinalis  
Common Juniper Juniperus communis  Starved Rosette-Panicgrass Panicum depauperatum 
Common Milkweed Asclepias syriaca Sweetfern Comptonia peregrina  
Eastern Red Cedar Juniperus virginiana Tall Wormwood Artemisia campestris caudata  
Forked Bluecurls Trichostema dichotomium Tufted Hair-Sedge Stenophyllus capillaris 
Hairy Crabgrass Digitaria sanguinalis  Whorled Milkweed Asclepias verticillata  
Hoary Frostweed Crocanthemum majus Yellow Wild Indigo Baptisia tinctoria 
Little Bluestem Schizachyrium scoparium   
Orange-grass St. John's-wort Hypericum gentianoides   
Polytrichum Moss Polytrichum piliferum   
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Table 5. Pairwise ANOSIM Analysis, Vegetation  
 
 MM 

11 MJ11   MA11    SM 11   SJ 11   SA11   MM 
12   MJ 12   MJul 

12   MA 
12   SM 12   SJ 12   SJul 12   SA 12  

MM 

11 
 -0.036  0.054  0.584*  0.536*  0.436*  -0.004  0.016   0.036   0.027   0.634*   0.586*   0.653*   0.529* 

MJ 

11 
   0.082  0.586*  0.509*  0.441*  0.027   0.051   0.064   0.042   0.611*   *0.567   0.627*   0.501* 

MA 

11 
     0.651*  0.595*  0.472*  0.02   0.023   0.026   0   0.653*   0.644*   0.672*   0.575* 

SM 

11 
       0.086  0.088  0.612*  0.619*  0.603*   0.605*   0.107*   0.166*   0.177*   0.185* 

SJ 

11 
         0.023  0.545*  0.555*  0.545*  0.551*  0.054  0.077  0.084  0.069 

SA 

11 
           0.464*  0.462*  0.44*  0.463*  0.006  0.028  0.044  0.051 

MM 

12 
             -0.034  -0.024  -0.006  0.612*  0.555*  0.626*  0.533* 

MJ 

12 
               -0.026   -0.004   0.622*   0.566*   0.633*   0.542* 

MJul 

12 
                 -0.012   0.616*   0.57*   0.627*   0.533* 

MA 

12 
                   0.614*   0.585*   0.624*   0.531* 

SM 

12 
                     -0.005   0.03   0.041 

SJ12                        0.009   0.015 

SJul 

12 
                         -0.023 

SA12                            
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Table 6. Pairwise ANOSIM Analysis, Ground Cover  
 
 MM 

11 MJ11   MA11    SM 11   SJ 11   SA11   MM 
12   MJ 12   MJul 

12   MA 
12   SM 12   SJ 12   SJul 12   SA 12 

MM 

11 
 -0.029  -0.029  -0.012  0.066  0.112*  -0.025  0.018  0.073  0.055  0.223*  0.274*  

 
0.292*  0.318* 

MJ 

11 
   -0.029  -0.004  0.045  0.11*  0.003  0.02  0.091  0.062  0.168*  0.213*  

 
0.241*  0.26* 

MA 

11 
     -0.005  0.02  0.015  -0.022  -0.002  -0.013  -0.005  0.174*  0.229*  

 
0.263*  0.284* 

SM 

11 
       0.039  0.054  -0.009  -0.027  0.001  -0.012  0.213*  0.264*  0.299*  0.316* 

SJ 

11 
         0.001  0.03  0.018  0.003  0.029  0.104*  0.133*  0.159*  0.149* 

SA 

11 
           0.049  0.021  -0.023  0.011  0.135*  0.17*  0.199*  0.196* 

MM 

12 
             -0.004  0.003  0.005   .229*  0.284*  0.312*  0.322* 

MJ 

12 
               -0.002  -0.004  0.184*  0.229*  0.268*  0.279* 

MJul 

12 
                 -0.014  0.175*  0.226*  0.258*  0.275* 

MA 

12 
                   0.211*  0.256*  0.289*  0.314* 

SM 

12 
                     -0.02  -0.012  -0.007 

SJ12                        -0.007  -0.007 

S 

Jul12 
                         -0.024 

SA12                            
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Table 7.  Terrestrial Insect Families and Orders 
 
Common Name Order or Family Name 
Ant Formicidae 
Collembola Entomobryomorpha 
Pillbug Armadillidiidae 
Soil Mite Euzetidae 
Spider Araneida  
Springtail Symphypleona 
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Figure Legends 
 

Figure 1.  Aerial view of the mouth of the Housatonic River.  A satellite map of the 
mouth of the Housatonic River, Connecticut; the outlined areas include Milford Point and 
Stratford Point. 
 
Figure 2.  Aerial View of Stratford Point.  A satellite map of Stratford Point with the 
approximate location of the line transects shown in white that were used for the vegetation 
and terrestrial invertebrate analysis.  This site was a former gun club and is currently under 
habitat restoration. 
 
Figure 3.  Aerial View of Milford Point.  This satellite map of Milford Point depicts the 
approximate location of the line transects used for vegetation and invertebrate analysis. 
 
Figure 4. Low-Energy Shoreline at Stratford Point. Low-energy shoreline at Stratford 
Point prior to 2001 (left) and in 2001 (right). 
 
Figure 5. Prescribed Burn at Stratford Point. The coastal upland grassland area a) 
during and b) immediately following the prescribed burn in February 2012.  

 
Figure 6. Intertidal Invertebrates. Baseline data of the species comprising >90% of the 
intertidal invertebrate species sampled at both Milford Point and Stratford Point in July 
2012.  
 
Figure. 7 Intertidal Sediment. Particle diameter and cumulative mass retained of 
intertidal sediment samples from Stratford Point and Milford Point, July 2012. 
 
Figure 8. Total Number of Plant Species Observed. Total number of plant species 
observed in all quadrats sampled at Milford Point and Stratford Point, with numbers of 
native (coastal and non-coastal) species, non-native species. Plants that were not identified 
to the species level are labeled as unknown. 
 
Figure 9. Ground Cover. Percentage of bare ground, leaf litter, and green vegetation in all 
quadrats sampled at (a) Milford Point and (b) Stratford Point. Vertical line in (b) represents 
execution of the prescribed burn in February 2012. 
 
Figure 10. Milford Point Vegetation. The top 10 plant species at Milford Point compared 
to the mean percent cover of those same species at Stratford Point over the 2011-2012 
sampling dates.  
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 Figure 11. Stratford Point Vegetation. a The top ten plant species at Stratford Point from 
2011-2012.   
 
Figure 12. Upland Soil Characteristics. Baseline data from Milford Point, Stratford Point 
(pre burn) and Stratford Point post-burn average soil pH, % organic content, soil nitrate-
nitrogen and soil orthophosphate. 
 
Figure 13. Upland Soil Grain Size.  
 
Figure 14. Terrestrial Invertebrate Abundance. The top species comprising >90% of the 
families sampled at both Milford Point and Stratford Point from 2011-2012.  
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Figure 2. 
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Figure 4.  
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a)  

b)  
 
Figure 5.   
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Figure 6.  
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Figure 7.   
 

 
Figure 8.  
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Figure 9.  
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Figure 10.  
 
  



Page 47 of 60

   34 
 

 
 
 
 
 
 

 
 
Figure 11.  
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Figure 12.  
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 Final Programmatic Report Narrative  

 

Instructions:  Save this document on your computer and complete the narrative in the format provided.  The 

final narrative should not exceed ten (10) pages; do not delete the text provided below.  Once complete, upload 

this document into the on-line final programmatic report task as instructed. 

 

 

1. Summary of Accomplishments 
In four to five sentences, provide a brief summary of the project’s key accomplishments and outcomes that were 

observed or measured.  

 

We have completed the management plan for Stratford Point, Stratford, CT that includes both short term and 

long term goals within the framework of an adaptive management plan.  We have collected all of the baseline 

data from Stratford Point and Milford Point (reference site) following our EPA approved QAPP.  We have 

completed the data analysis at this time which will serve to guide our future restoration activities while 

providing an ability to compare past, present, and future conditions at the site with regards to abiotic and biotic 

factors.  The developed restoration plan will facilitate the long-term project planning (next ten years) at 

Stratford Point. 

 

2. Project Activities & Outcomes 
 

Activities 
Describe and quantify the primary activities conducted under this grant (underline indicates metric) 

1. Collect and analyze data collected from Stratford Point and relevant references sites (Milford Point and 

Long Beach) following an EPA approved Quality Assurance Project Plan (QAPP) to align and guide 

restoration activities that will ultimately to improve habitat conditions for target fauna based on 

comparative studies carried out at Stratford Point and relevant reference sites. 

 

2. Produce restoration plan that a) coordinates and guides the a) restoration of degraded and eroding 

coastal dune habitat, b) restores and expands existing sub-optimal coastal grassland and c) protects 

remnant vegetated peat in the low-energy intertidal zone and restores the salt marsh fringe in low-energy 

intertidal zone at Stratford Point. 

3. Develop and implement an integrated planning and adaptive management program to facilitate the long-

term (10 years) restoration, protection, maintenance, and sustainable use of Stratford Point. 

 

4. Restores 20 acres of coastal grassland, 0.5 acres of coastal dunes, and 1.4 acres of intertidal marsh 

 

5. Install one educational kiosk and ten interpretive trail signs 

Briefly explain discrepancies between the activities conducted during the grant and the activities agreed upon 

in your grant agreement. 

All activities with the exception of the restoration of 1.4 acres of intertidal marsh have been completed or 

are in the process of completion due to ongoing activities at the site (see outcomes).  The restoration of the 

1.4 acres of intertidal marsh is dependent upon obtaining a permit from CTDEEP to install a living 
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shoreline.  Installation of a living shoreline will require additional data collection (currents, wave action, 

fetch, recruitment of invertebrates and fish) to guide the engineering plans for the design of the living 

shoreline so that we can maximize Spartina growth and minimize coastal erosion. 

 

Outcomes 

Describe and quantify progress towards achieving the project outcomes described in your grant agreement. 

(Quantify using the approved metrics referenced in your grant agreement or by using more relevant metrics not 

included in the application.)  

1. Collect and analyze data collected from Stratford Point and relevant references sites (Milford Point and 

Long Beach) following an EPA approved Quality Assurance Project Plan (QAPP) to align and guide 

restoration activities that will ultimately to improve habitat conditions for target fauna based on 

comparative studies carried out at Stratford Point and relevant reference sites. 

o A Quality Assurance Project Plan for collecting and storing data was completed and approved by the 

EPA and NFWF.  

o We collected soil samples as specified in the grant and have completed the soil and sediment 

analyses (organic content, soil profiles, temperature, moisture, nutrient analysis, grain size) at this 

time. 

o We have completed all of the plant habitat assessments (species diversity, density, spatial patterns) 

for upland grassland and intertidal habitats as specified in the grant. 

o We have completed the characterization of habitat use by vertebrates and invertebrates (surveys of 

species diversity, density and spatial patterns for avian species; other terrestrial and aquatic 

vertebrates; and terrestrial and aquatic invertebrates). 

o Searches of primary literature and existing databases have been conducted to identify additional 

baseline information to make informed decisions concerning the restoration of upland coastal 

grasslands and dune systems 

2. Produce restoration plan that a) coordinates and guides the a) restoration of degraded and eroding 

coastal dune habitat, b) restores and expands existing sub-optimal coastal grassland and c) protects 

remnant vegetated peat in the low-energy intertidal zone and restores the salt marsh fringe in low-energy 

intertidal zone at Stratford Point. 

o We have completed the assessment of the current status of Stratford Point by analyzing baseline data 

to determine existing patterns with respect to topography, soil and sediment characteristics, and 

habitat usage by organisms at Stratford Point and our reference site at Milford Point. 

o We have completed the restoration plan that will utilize benchmark data from Milford Point and 

Long Beach to set specific targets for restoration activities in each habitat with respect to 

topography, soil and sediment characteristics, and habitat usage by organisms. 

o A monitoring protocol has been designed to determine the effectiveness of restoration actions in 

meeting target objectives. 
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o We have established evaluation criterion to compare actual outcomes to desired goals of restoration 

activities. 

o A restoration plan has been created and published online that outlines the problems surrounding 

Stratford Point and presents our overall plan for restoration activities to addresses: a)the degraded 

and eroding coastal dune habitat, b) the restoration of the sub-optimal coastal grassland, and c) 

protects remnant Spartina patches and restores the salt marsh fringe at the low energy intertidal 

zone.  The Restoration plan can be accessed via the Connecticut Audubon URL:  

http://www.ctaudubon.org/wp-content/uploads/2012/02/Stratford-Point-coastal-restoration-plan-

final-draft.pdf 

o We have distributed the management plan to NFWF and The Nature Conservancy.  We have made 

the link available to CTDEEP and the Housatonic River Estuary Commission so that they can 

download the management plan for their review. 

3. Develop and implement an integrated planning and adaptive management program to facilitate the long-

term (10 years) restoration, protection, maintenance, and sustainable use of Stratford Point. 

o We are planning to invite all stakeholders of Stratford Point including researchers, and 

representatives from DuPont, Town of Stratford, The Nature Conservancy, National Audubon 

Society, Connecticut Department of Environmental Protection, Long Island Sound Study, US Fish 

and Wildlife Service, Environmental Protection Agency, Coast Guard, and adjacent private 

landowners to a management strategy workshop to review the management plan once we have some 

remediation issues resolved between DuPont and CTDEEP.  The meeting will discuss the current 

management plan and the next step of installing a living shoreline 

o The community surrounding Stratford Point has been informed of the restoration plans via popular 

press articles and posts on CT Audubon’s website.  Comments from stakeholders (public, town, 

state, agencies) are being evaluated and incorporated into the Long Term Management Plan as they 

are presented to us. 

o Once the installation of the living shoreline is resolved, the Long Term Management Plan will be 

published on the website of CAS, SHU, and disseminated to relevant local, state, and federal 

agencies. 

4. Restore 20 acres of coastal grassland, 0.5 acres of coastal dunes, and 1.4 acres of intertidal marsh 

o A controlled burn was conducted on the 20 acres of coastal grassland area of the site in February 

2012 was conducted with the goal of reducing the large amounts of thatch that had built up over a 

ten-year period while simultaneously allowing for new plant growth of native species and 

controlling for some invasive plant species.  

o Revegetation of the coastal grassland at Stratford Point began in the spring of 2012 to (1) enhance 

migratory bird stop-over sites, (2) provide cover for winter resident wildlife, (3) increase seed rain 

(deposition) by birds, (4) speed natural succession in the upland area, (5) shade out invasive plant 

species, and (6) increase habitat complexity.  Ninety-six woody plants were installed in four habitat 

islands (groups).  Each grouping consisted of two Northern Hackberry (Celtis occidentalis,), two 
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Eastern Red Cedar (Juniperus virginiana), four Beach Plum (Prunus maritime), four Shadbush 

(Amelanchier canadensis), four Northern Bayberry, (Myrica pensylvanica), four Staghorn Sumac 

(Rhus typhina), and five Red Bearberry (Arctostaphylos uva-ursi).  The growth and spread of these 

species will be measured and wildlife usage will be documented over the next 10 years as part of the 

management project. 

o 0.5 acres of artificial dune construction was completed in December 2011 by installing underlying 

soft erosion control structures (sediment-filled Geotubes) to prevent further loss of upland along the 

north shore (low-energy section). The dune was planted with dune grass plugs and treated with 

herbicides to control growth of herbaceous plants. Though the dune was fully vegetated by the end 

of the 2012 growing season, Hurricane Sandy (Nov. 2012) destroyed the entire dune area. 

Reconstruction of the dune is scheduled to take place in early spring 2013.  

5. Install one educational kiosk and ten interpretive trail signs 

o The educational kiosk has been purchased and is awaiting installation.  DuPont is currently 

undertaking some site remediation work near the parking lot where the Kiosk will be located and 

have asked us to delay installation until their work is completed.  We anticipate the actual 

installation of the Kiosk by July 2013.  Announcement of the Kiosk installation will be made via the 

CT Audubon’s website 

o Hurricane Sandy removed a number of interpretive signs due to high winds.  Due to site damage, we 

are waiting to repost the signs until the artificial dune is repaired as heavy equipment and machinery 

needed to repair the dune will be moving around the area where the signs are to be posted. 

 

Briefly explain discrepancies between what actually happened compared to what was anticipated to happen.  

While the management plan (http://www.ctaudubon.org/wp-content/uploads/2012/02/Stratford-Point-coastal-

restoration-plan-final-draft.pdf) calls for the installation of a living shoreline to stabilize the intertidal zone and 

prevent further coastal erosion, actual installation of this feature is delayed for two primary reasons: 

(1) Baseline data collection, current monitoring efforts, and the resulting restoration plan indicate that 

restoration of the 1.4 acres of Spartina marsh will require an additional engineered solution to mitigate 

the effects of unattenuated wave action and subtidal/intertidal erosion.  Our initial thought was that we 

could simply plant Spartina plugs in the 1.4 acre area.  However, based on the data we have come to the 

conclusion that the restoration of the 1.4 acres of Spartina fringe marsh will require the installation of 

green infrastructure also known as a living shoreline.  We have applied for funding to plan this 

installation through the Long Island Sound Futures Fund (LISFF) 2013 RFP.  Additional data are 

needed to prepare engineering plans for the living shoreline so that we can properly design the 

installation to attenuate wave action during peak high tides and storms.  We are currently collecting 

baseline data on wave height, suspended sediments, and currents. 

(2) The actual installation of this living shoreline will require permitting from the Office of Long Island 

Sound Programs.  While we have received support from Brian Thompson, Director of OLISP, we are 

encountering some resistance from other divisions within CTDEEP.  We are currently negotiating a 

meeting with Commissioner Esty to discuss the permitting of this project as a pilot project to collect 

scientific data that is needed not only for the ongoing restoration of Stratford Point but also to be used 
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by the State of Connecticut to develop a guidebook to alternative coastal protection measures that can be 

utilized instead of shoreline armoring. 

Provide any further information (such as unexpected outcomes) important for understanding project activities 

and outcome results. 

Dealing with a hurricane and significant nor’easter over the course of the past year has certainly strained our 

restoration efforts with respect to the habitat itself as well as financially.  Given the current forecast for ongoing 

climate change and weather patterns, restoration efforts MUST take climate change into account and plan for 

more severe weather events, sea-level rise, and extreme temperatures. 

3. Lessons Learned 

Describe the key lessons learned from this project, such as the least and most effective conservation practices 

or notable aspects of the project’s methods, monitoring, or results. How could other conservation organizations 

adapt their projects to build upon some of these key lessons about what worked best and what did not? 

Collaborative efforts involving multiple stakeholders can lead to a dynamic coastal management plan allowing 

for re-establishment of ecosystem services and varied uses. The Stratford Point coastal habitat restoration 

project can be used as a model for future restoration efforts in other degraded coastal zones. This project 

demonstrates how restoration efforts can promote the cooperation and participation of State, non-profit 

organizations and businesses in preservation and management of valuable coastal habitat.  Combining the 

efforts of university researchers, conservation biologists from a non-profit organizations, habitat restoration 

companies, responsible landowners, and state and local authorities allows for effective and successful 

development of restoration strategies.  These best practices for restoration projects can be applied to similarly 

degraded coastal areas around Long Island Sound. 

We have learned that the restoration project at Stratford Point will be complex, not necessarily biologically or 

ecologically but more of an issue with regulatory agencies and potentially political issues as we are dealing with 

multiple state agencies who have jurisdiction over many ongoing activities on site including remediation and 

planned restoration activities in the intertidal zone.  In addition, current legislation is under consideration that 

will affect the construction of living shorelines and potentially affect coastal habitat restoration activities with 

regards to sea level rise.  We are currently in the process of obtaining necessary permits to move forward with 

the next phase of our restoration planning that will focus on construction of a living shoreline to abate ongoing 

coastal erosion. 

4. Dissemination 

 
Briefly identify any dissemination of lessons learned or other project results to external audiences, such as the 

public or other conservation organizations.  

 

1.  We intended on making the data available on the web-based environmental indicator database operated by 

Connecticut Audubon Society (http://ctaudubon.dev.dmtprogramming.net/).  However, this database is 

currently inoperable and CT Audubon is working to reestablish the database.  All of the data will be uploaded to 

the database upon its return to operational status. 

 

2.  We will be presenting the GIS data gathered over the course of the project to the Long Island Sound Study 

Stewardship Work Group for inclusion in the GIS Stewardship Initiative Site Selection Tool being developed 
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by Fountains Spatial”.  The spring meeting of the Long Island Sound Study Stewardship Work Group will be 

held on May 16
th

 at the Connecticut Audubon’s Milford Point Coastal Center from 10am-1:30pm.  During this 

meeting the GIS data files will be made available to the workgroup for inclusion in the Stewardship Initiative 

Site Selection Tool.  While Stratford Point is not an officially designated Stewardship Site, it is our hope that 

the array of GIS files we have collected will be used as a model for setting up GIS data layers for current and 

future Stewardship Sites.  Below is a list of the GIS files we have available for dissemination: 

 Shapefiles, Stratford Point 

 1934 Beach 

 1934 Channel 

 1934 Coastal Uplands 

 1934 Developed Uplands 

 1934 Dunes 

 1934 Map and Elevation Changes 

 1934 Marsh 

 1934 Roads 

 1934 Channel  

 1934 Aerial Image, black and white 

 Energy boundary high low  beaches ST 

 Beach Plum pre dune 

 Cedar pre dune 

 Eastern Cottonwood pre dune 

 Elevation Stratford Point 

 Elev_Greater than Pos 2 

 Elev_Less than Neg 2 

 Elev_Neg .25 to Pos 

 Elev_Neg 1 to Neg 

 Elev_Neg 2 to Neg 1 

 Elev_Pos 

 Elev_Pos 1 to Pos 2 

 Energy boundary high low beaches ST 

 Low Tide Line ST 

 Pre-2000 Spartina (ST) 

 Salicornia_ST_beach (locations of Salicornia on low energy beach, June 2011) 

 ST Old Fence Line (2011) 

 ST_TransectB 

 ST_TransectB_6-7-11 

 Stratford Point Outline (polyline) 

 Stratford Point Polygon 

 Stratford_PT_Buildings 

 ST_Plot 1-4 

 ST_Point_TransectA 2012 

 ST Transect A 2012 (line)  

 Elevation changes 2005-2010 ST  

 Shapefiles, Milford Point 

 MP_Transects_A_and_B 

 ArcMap Files 

 August 2010 Spartina coordinates 

 GPS 6-7-11 (GPS track of area surrounding MP and ST) 

 Open Space  

 Shoreline Trees and Beach Plant Counts 6-28-11 (ST) 
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 Spartina coordinates 6-13-11 

 Spartina  Database 

 Spartina map 6-13-11 

 Spartina map 

 Stratford Point Basemap  

 Vegetation quadrat locations 2 

 Vegetation Transects  

 Stratford plant plots 5-24-2012 

 Stratford Elevation  

 Excel Files 

 August 2010 Spartina coordinates (August 10
th

 and August 30
th

) 

 Shoreline trees and beach plant counts 

 Spartina 6-28-2011 UTM  

 Spartina coordinaets 

 6-13-11 

 7-7-11 

 8-1-11 

 8-2-11 

 8-8-11 

 Vegetation quadrat locations  

 JPEG Files 

 Elevation Change Map 2 

 Elevation Change Map 

 Elevation Change map 8-1-11 

 Elevation Change Map 8-2-11  

 1934 image 

 Elevation Change Stratford Point Shore 2000-2008 (and in PDF – best version)  

 Spartina map 7-7-11 

 Spartina map 7-18-11 

 Spartina map 8-1-11 

 Spartina map 8-8-11 

 Stratford Elevation 8-4-11 

 

3. The restoration planning project, data, and restoration plan have been heavily utilized as part of an interactive 

teaching tool in various graduate courses associated with Sacred Heart University’s new Environmental 

Systems Analysis and Management program.   

o Two ESAM graduate students, Jennifer Gazerro and Caitlin Timoney, were primarily responsible for 

data collection with respect to plant, invertebrate, sediment sampling in the upland and intertidal 

areas.  Jennifer and Caitlin compiled pictures of every species encountered and have created 

guidebooks to organisms at Stratford Point which will be available in the main building at Stratford 

Point.  The pictures are also available for dissemination upon request through a secure dropbox 

folder. 

o ESAM graduate students taking a Restoration Ecology course developed restoration planning grant 

proposals specific to Stratford Point.  Three restoration planning grants were written focusing on the 

installation of the artificial dune, installation of upland woody plants to control invasive species, and 

installation of a living shoreline to control shoreline erosion. 
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o ESAM graduate students designed and installed upland woody plants in an experimental design so 

that they could measure seed rain, bird diversity, growth, and effectiveness on shading out invasive 

species. 

o ESAM graduate students taking a Sedimentology and Hydrology Course utilized the site to learn 

how to collect and analyze sediment samples, examine groundwater flow, learn how to sample 

suspended sediments, and examine soil stratigraphy. 

o Ongoing restoration activities are being monitored by ESAM students to teach them how restoration 

projects are managed and implemented. 

o ESAM students taking a GIS course utilized the data layers collected by Jennifer Gazerro and Twan 

Leenders to model elevation data, nutrient concentrations in sediment, and create simple GIS 

shapefiles containing mixed data. 

o ESAM graduate student Jennifer Gazerro (graduating May 2013) made this project her Research 

Project and presented the research to all the ESAM students on April 8
th

, 2013 as well as wrote a 

scientific paper outlining her findings (uploaded to NFWF Easy Grants). 

4.  We have presented talks on the ongoing restoration project to various professional science organizations via 

research conferences including:  

o 2013 - M. Beekey*, J. Mattei, A. Leenders, J. Gazerro. The Restoration of the Mouth of the 

Housatonic River, CT: One Point at a Time. Long Island Sound Research Conference, Port Jefferson 

o 2013 – Beekey, MA.  The Restoration of the Mouth of the Housatonic River, CT: One Point at a 

Time. The Center for Coastal and Marine Studies, The Tenth Annual Long Island, Sound Seminar 

Series, Southern Connecticut State University, New Haven, CT 

o 2013 - J. Mattei* and M. Beekey.  Stratford Point Restoration: From Gun Club to Coastal Dune 

Habitat.  New England Estuarine Research Society Conference, Portland, ME 

o 2013 - Mattei, J*, M. Beekey, A. Leenders, and J. Gazerro.  2012.  The Restoration of the 

Housatonic River, CT: One Point at a Time. The Coastal Society Conference; Miami, Florida 

o 2013 - R. Parcell*, M. Beekey, J. Mattei, A. Leenders, J. Gazerro.  The Restoration of the Mouth of 

the Housatonic River, CT: Intertidal Zone.  Long Island Sound Biennial Research Conference, Port 

Jefferson, NY. 

o 2013 - J. Gazerro*, J. Mattei, M. Beekey, A. Leenders.  The Restoration of the Mouth of the 

Housatonic River, CT: A Reference Site.  Long Island Sound Biennial Research Conference, Port 

Jefferson, NY. 

o 2012 - J.H. Mattei*, M.A. Beekey, A. Leenders and Gazerro, J. 2012. The restoration of the mouth 

of the Housatonic River, CT: One point at a time. Ecosummit: 4
th

 International Conference:  

Ecological Sustainability, Columbus, OH 

o 2012 - Gazerro, J*,  J.H. Mattei, M.A. Beekey, and A. Leenders.  2012. The restoration of the mouth 

of the Housatonic River, CT: A reference site. Ecosummit: 4
th

 International Conference:  Ecological 

Sustainability, Columbus, Ohio. 
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o 2012 - Parcell, R.*,  J.H. Mattei, and M.A. Beekey.  2012. The restoration of the mouth of the 

Housatonic River, CT: The intertidal zone. Ecosummit: 4
th

 International Conference:  Ecological 

Sustainability, Columbus, Ohio. 

o We will be presenting additional talks and posters at the annual Coastal and Estuarine Research 

Federation (CERF) Meeting in San Diego, California in November, 2013. 

5.  We have had the following press articles published about the project: 

o http://stratford.patch.com/articles/the-restoration-of-stratford-point 

o http://environmentalheadlines.com/ct/section/stratford/ 

o http://boatinglocal.com/news/biologists-receive-grant-to-restore-stratford-point-ct.html 

o http://stratford.patch.com/articles/smoke-on-the-water 

o http://www.ctpost.com/local/article/Conservationists-set-fire-for-a-cause-3368335.php 

o http://environmentalheadlines.com/ct/2011/10/20/sacred-heart-ct-audubon-to-restore-stratford-point-

coastal-habitat-with-lis-futures-fund-grant/sacred-heart-ct-audubon/ 

o http://www.thehrec.org/news.htm 

o http://www.theday.com/article/20120528/USR04/120529705 

o http://blog.ctnews.com/education/2012/10/29/sandy-being-studied-by-shu-professor/ 

o http://environmentalheadlines.com/ct/2011/10/20/sacred-heart-ct-audubon-to-restore-stratford-point-

coastal-habitat-with-lis-futures-fund-grant/ 

o http://www.ctpost.com/local/article/Man-made-dunes-installed-at-Stratford-Point-2420168.php 

o http://newsblaze.com/story/20120526044903zzzz.nb/topstory.html 

 

6.  Connecticut Audubon has posted the following information on its website: 

o http://www.ctaudubon.org/2012/11/dunes-prevented-sandy-from-causing-severe-erosion-at-

stratford-point/ 

o http://ctaudubon.blogspot.com/2012/03/controlled-burn-at-stratford-point.html 

o http://ctaudubon.blogspot.com/2012/11/sandyfrankenstorm-aftermath-2-stratford.html 

o http://ctaudubon.blogspot.com/2012/05/coastal-habitat-restoration-at.html 

o http://ctaudubon.blogspot.com/2013/04/brown-creeper-creeping-up-pole.html 

o http://ctaudubon.blogspot.com/2011/10/connecticut-audubon-society-and-sacred.html 

o http://www.ctaudubon.org/2012/05/planting-96-trees-at-stratford-point/ 

o http://ctaudubon.blogspot.com/2012/09/clay-colored-sparrow-at-stratford-point.html 

o http://ctaudubon.blogspot.com/2011_06_01_archive.html 

o http://www.ctaudubon.org/2011/12/connecticut-audubon-societys-dune-construction-project-at-

stratford-point-is-a-first-for-connecticut/ 

o http://www.ctaudubon.org/2012/02/controlled-brush-fire-helps-restore-habitat-at-stratford-point-2/ 

o http://ctaudubon.blogspot.com/2012/10/the-great-stratford-bird-festival-2012.html 

 

7.  There is some limited online video available of the prescribed burn: 

o http://vimeo.com/37691171 

o http://vimeo.com/37766109 

 

 

5. Project Documents 
Include in your final programmatic report, via the Uploads section of this task, the following: 
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 2-10 representative photos from the project. Photos need to have a minimum resolution of 300 dpi 

and must be accompanied with a legend or caption describing the file name and content of the 

photos;  

 report publications, GIS data, brochures, videos, outreach tools, press releases, media coverage;  

 any project deliverables per the terms of your grant agreement.   

 

POSTING OF FINAL REPORT:  This report and attached project documents may be shared by the 

Foundation and any Funding Source for the Project via their respective websites.  In the event that the 

Recipient intends to claim that its final report or project documents contains material that does not have to be 

posted on such websites because it is protected from disclosure by statutory or regulatory provisions, the 

Recipient shall clearly mark all such potentially protected materials as “PROTECTED” and provide an 

explanation and complete citation to the statutory or regulatory source for such protection. 
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