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Executive Summary

At roughly 5000 acres, the Hampton-Seabrook Estuary is the largest contiguoussatea o
marsh and tidal flats in New Hampshire. It represents the northern one quan@xtérasive
complex of salt marshes stretching south to Cape Ann in Massachusetts, and known as the
“Great Marsh” in the latter state. Salt marshes worldwide have beentgioljernan impacts

for centuries, located as they are in narrow strips along densely inhabifssta&rcoastlines,
and they now face additional threats in the form of climate change and invasies spethe
same time these habitat are areas of exceptional biological produatidihoat a diverse array
of wildlife and plant species specialized for life in the often extreme savfgmoisture, salinity,
and temperature that characterize tidal ecosystems.

Although the Hampton-Seabrook Estuary is almost completely surrounded by develomehent, a
subject to extensive habitat alteration in the form of ditching and tidalctestriit retains
significant ecological value and supports a high diversity of wildlife spetresgoal of this

study was to undertake a comprehensive investigation of bird use of the esttlapgriicular

focus on migrating shorebirds and salt marsh breeding birds. Such data are daigetyfor
estuarine systems in New Hampshire, and can ideally be used to prioritizectutsegvation

efforts that benefit both birds and other wildlife. Key findings from the custendty are as

follows:

Roughly 3000-3500 shorebirds of over 20 species regularly pass through the estuary
during the southbound fall migration. Significantly fewer use the area in spring, and onl
a few hundred individuals remain here between November and April. This diversity and
abundance make the estuary New Hampshire’s most significant migratoryestgjie
for this group of birds.
Two thirds of these shorebirds are of only two species: Semipalmated Plover and
Semipalmated Sandpiper, with over 1000 individuals each. Populations of the former
approach 1% of global population estimates, potentially qualifying the sitectasion
in the Western Hemisphere Shorebird Reserve Network.
Shorebirds preferentially use two areas of the estuary for foraging:

o Extensive mudflats at the southern end of Hampton Harbor and at the mouths of

Mill Creek and Brown’s River.

o Freshwater or brackish pools along the northern edge of the estuary
The above areas appear to support higher prey densities than other portions of the
estuary.
At rising and high tides, the majority of shorebirds roost either at the aforemsohti
pools or within the marsh on slightly elevat&dartinabanks, including in a relatively
natural section of marsh below the state line in Salisbury, Massachusetts.
Saltmarsh Sharp-tailed Sparrows are not evenly distributed acrosbkevhdaitat. The
bulk of the estuary’s population occurs in the far northeastern corner of the mash, wi
lower numbers in the northwest. Both these areas are characterized by tive absear
absence of salt marsh ditching.
Breeding Willets occur primarily in either the northeast (as abovepogdhe lower
reaches of the tributaries in the southern portion of the estuary.
The only Common Tern breeding colony in the estuary is also in the northeastiem sect



When these data are taken as a whole, four focal areas can be identified withinaheas
priorities for bird conservation:

The extensive natural salt marsh in the northeast, including Henry’'s Pool, acamgnifi
shorebird foraging site,

A less extensive and only slightly ditched area of marsh in the northwest below
Drakeside Road,

The freshwater pool at Landing Road, which serves as an important shorebirdyroost
and foraging site, and

The complex of mudflats, creeks, and marshy banks at the southern edge of Hampton
Harbor. This area supports a large Willet breeding population and serves theganadi
roosting needs of significant numbers of migrant shorebirds.

Conservation strategies that would benefit birds in these areas and acrotsilyeassa whole
include:

Restoration of currently-ditched portions of salt marsh that have the potential totsuppor
increased populations of Saltmarsh Sharp-tailed Sparrows, and possibly serve as
shorebird roost sites.

Preservation of pools used by roosting or foraging shorebirds, including consitefati

the role of continued freshwater inputs. Restoration of pools that have apparently lost
function should also be considered.

Protection of both marsh and adjacent upland to maintain habitat connectivity, minimize
external impacts, and possibly allow for adaptation to sea level rise.

Reduction of human disturbance to roosting shorebirds through land protection or
education.

Increased public education and outreach on the ecological significance of tpeoHam
Seabrook Estuary, perhaps with a focus on its role in the hemispheric migrations of
shorebirds.

The next stage in this project is to develop a strong conservation plan and partioeriia
estuary that uses the best available science to guide decisions thatieljtinenefit birds, other
wildlife, and the habitat as a whole.



Project Overview

The Hampton-Seabrook Estuary is the second largest estuarine systamhtaidpshire after
Great Bay. While the overall area occupied by the Great Bay Estuagwifscantly larger,
Hampton-Seabrook contains a significantly large extent of salt marshtt{{&ba acres vs.
2230 acres, Figure 1), and this acreage is primarily in a single contiguousafaatgmck. This
landscape includes an interacting mosaic of communities characterigealsisgs, peat banks,
pools, pannes, creeks, mud flats, sand flats, wooded terrestrial buffers, and &estreams
that distinguish it qualitatively and quantitatively from the landscape d@btbat Bay Estuary.

In addition, the Hampton-Seabrook Estuary is functionally the northernmost point‘Giré&ae
Marsh” of northeastern Massachusetts, and in fact drains a significaof #nedatter in the
town of Salisbury. In this sense it shares a variety of ecological pescasd conservation
values with this important and comparatively well-protected ecosystem owsatbdine. Like
the Great Marsh, the contiguous landscape structure of Hampton-Seabrook and @sskalt m
offers ecological and conservation values that are disproportionatetgrgitean an equivalent,
but fragmented area of the same landscape composition.

Estuaries are often associated with high levels of primary production througbhyteplankton
and macrophyte communities. While the Hampton-Seabrook Estuary provides thstesnos
function, its unique contribution to the region’s ecological productivity is associdtedsv
landscape dominated by salt marsh, harbor flats, and creeks. Estuariesabtbbyraintiguous
blocks of salt marsh offer substrate, refuge, and food to breeding adults, andrdrpalenile
stages of many off-shore and near-shore marine vertebrates and intestedrd breeding and
migratory marsh birds, shorebirds, and passerines.

Salt marshes throughout their range face numerous threats, and those in Neshikéaare no
exception (see NH Wildlife Action Plan). Among the greatest threatagsnentation of marshes
by roads or other infrastructure, which often results in tidal restrictionvardual invasion of

the marsh by non-native plants suciPasagmitesand purple loosestrife. Although development
of salt marsh is prohibited by wetland regulations, extensive development arouimdjexis
marshes has the potential to degrade the remaining habitat through eithéoaltdrwater

quality (contaminants, sedimentation) or altered water flows from freshwgiuts to the marsh.
Continued development of adjacent upland habitats has the potential to impact the condition of
salt marsh that such buffers historically protected. Development of thesestaufteother
upstream areas also reduces the ability of salt marsh habitat to &higregsponse to potential
sea-level rise associated with global climate change. Finallprésence of large numbers of
people in estuarine systems such as Hampton-Seabrook can also have direcine$f@timarsh
wildlife, either through disturbance by recreational activity (e.g., bgakieach use) or

artificially high populations of predators such as feral cats, raccoons, and.skunks

Because of the estuary’s known value to both migratory shorebirds and salt marsigbreedi
birds, New Hampshire Audubon recognized the “Hampton-Seabrook Marsh and Dunes” as an
Important Bird Area in 2003. Salt marshes are also among the habitats cahaglbeing at
highest risk in the New Hampshire Wildlife Action Plan. However, despitettimsgde
importance and its central location in a landscape of salt-marsh-dominatgstecmsextending



from northeastern Massachusetts to southern Maine, relatively little camsemwark has been

done in the Hampton-Seabrook Estuary. Efficient conservation efforts depend upon knowledge
of an ecosystem’s strengths and weaknesses. To this end, New Hampshire Audabech aniti

two year conservation research program in the estuary designed to inforeréstioration and
conservation efforts.

The long-term goal of this project is to help New Hampshire’s largestafraeit-marsh-
dominated estuary remain ecologically viable into the future. Data cadllectee first two
years will help inform subsequent conservation actions in estuary; including laadtiomt
water quality and buffer strip policies in the watershed, habitat restoratidm\asive species
control. Successful and cost-effective conservation and restoration in thieg@ygtem will
require identification of the most ecologically valuable portions of salt mardigriféats, creek
flats, barrier beach, and associated upland buffers. Phase One of the studygnasl desi
systematically gather data on avian use of the varied habitats within they estahin the
process identify important ecological features associated with arbaghaise.

To this end, we focused efforts on two distinct components of the Hampton-Seabrook avian
community: 1) migratory shorebirds and 2) breeding species typically tegttecsalt marshes.
These two groups capture the full range of habitats within the marsh, from muadatsissel
beds to high marsh dominated by grasses and interspersed with pools. They alstovieflery
different ecological niches. Shorebirds use the area entirely as a stepewkiring their long
intercontinental migrations between breeding and wintering areas. Tinearpneed at such
sites is a combination of productive foraging habitat and nearby areas whecarthegt and
build up fat reserves prior to undertaking the next leg of their journey. In dpbir@sding
species arrive in spring, establish breeding territories, and spend the nexit\wee&s within
these territories building nests, laying and incubating eggs, and cariygufng. They are tied to
a location and its underlying ecological condition in ways that transient shorelginistaAs a
result, the two groups of birds are subject to slightly different conditions andsthaeet
investigation of both is important to gain a full understanding of the value of a gittenriee
system from the avian perspective. The migrant shorebird and breeding bomdsetthis

study have been separated into two distinct sections, each following the ébarstientific
paper. Following these parallel sub-reports, all parts of the study are sasuria a single
Conclusions and Recommendations section.
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Figure 1. Extent of salt marsh in southeastern New Hampshire. The Hamphrvoekdastuary
is indicated by the blue outline. Saltmarsh data from the New Hampshiref&#dtion Plan.



Shorebird Use of the Hampton-Seabrook Estuary: 2062007

Introduction

Shorebirds have long fascinated both ornithologists and amateur naturalists loétheise
exceptional migratory journeys (Matthiessen 1994). The majority of Nortlridamespecies

nest in the tundra and high latitude boreal forests of Canada and Alaska, and wintdaln coas
areas from the Caribbean to the extreme southern end of South America. lenbibisyepass
over or stop in a wide variety of wetland or grassland habitats to rest and feed, andeathge
this group of birds can truly be considered part of a hemispheric ecosystem.

Stopover habitats are a critical component of this migration system becayupeottide much-
needed sites where shorebirds can rest and refuel after non-stop fligbiisrigtly thousands

of miles. Good stopover sites are those that enable birds to replenish fatrstbeeleast

amount of time, especially during northbound migration when there is strong pressachto re
nesting areas and capitalize on the short but productive summer breeding season. Southbound
migration is more protracted, and adults often leave soon after young are indepétieint

parents. The juveniles remain on the breeding grounds for up to a month after thes lparent

left, resulting in separate peaks of the two age classes at fall stopeseBy late fall, the

majority of species have left the northeastern United States, leaving bahdful that spend the
winter at higher latitudes.

This reliance on often a few key stopover sites has resulted in shorebirds ¢ewengraque
conservation challenges (Brown et al. 2001). Historically, large numbeessivet for market at
sites such as Nantucket and the north coast of the Gulf of Mexico, and this market legnting |
the likely extinction of the Eskimo Curlew and severe population declines for setrezal
species (e.g., American Golden-Plover). While market hunting is a thing pasihemigratory
shorebirds now face numerous indirect threats relating to their habitat or food supppéetion
of a key food resource at a key site — horseshoe crab eggs in Delaware Bay — kyot@mm
interests is believed to be among the causes of significant recent declimegast coast
population of Red Knots (Niles et al. 2007). Filling or draining of coastal wetkamtls
development of high tide roosting areas also compromise shorebirds’ abiliyefie&tive use
of stopover sites. Finally, the extensive human presence in most coastal suttasreevitable
interactions between people and birds. For example, repeated disturbance of sbasébgds
has been shown to increase energy expenditures above energy gains (B. Harrisgton per
comm.), a discrepancy that reduces the birds’ ability to put on fat and subsequendyahees
of surviving migration (Pfister et al. 1998).

To begin to address threats to shorebird populations, the United States Shorebird Gamserva
Plan (Brown et al. 2001) identifies the following priorities for migrating sbiods in the
Northeast:
1) Begin region-wide coastal surveys conducted by individual state agencies and
coordinated by the USFWS throughout the region.
2) Work on-site at known important areas to reduce disturbance, identify and protesai crit
food resources, and control predation.



3) Significantly improve impoundment management, and coordinate habitat availabilit
throughout the region.

4) Create a strong emphasis on volunteer banding and wardening, as methods ® increas
awareness.

5) Develop coordinated state and federal satellite habitat mapping, delingatmgortant
shorebird habitats.

6) Establish a number of “all bird” Joint Venture projects.

7) Improve spill prevention and emergency response

Within the Northern Atlantic Region, the following specific strategies tmeoe shorebird
conservation in New Hampshire were reported by Clark and Niles (2000):

1) Assess existing data on known shorebird areas (breeding and migratory)

2) Conduct surveys of breeding shorebird (i.e., PIPL, UPSA, SPSA, WILL, COSN)

populations, habitat use, and productivity.

3) Document migratory shorebird populations, feeding areas, and roosting sites.

4) Develop and implement invertebrate monitoring in shorebird habitats.
In addition, the New Hampshire Wildlife Action plan identifies the need for cemsistfort to
guantify the seasonal and spatial distribution of New Hampshire’s shorebirds.

Because the Hampton-Seabrook Estuary is clearly the most important stofofaer s
shorebirds in New Hampshire, a key goal of this project was to address¢hgpstaific needs
outlined above. In particular, we focused on Strategy 3 (which overlaps with the Wafdg),
with initial efforts at Strategy 4 and Strategy 2 as pertains to Vidile=tding populations.

Study Area and Methods
Survey Sites

The importance of the Hampton-Seabrook Estuary to migrating shorebirds in Ngvghi@nis

well known, and thus the object of this study was to gather more detail on shorebird ese of th
marsh on both a temporal and spatial scale. To this end, an effort was made to systaeygberi
areas that were not necessarily visited by casual observers andhesdatéo patterns seen at
more traditional sites. As a result, the entire estuary can be considestddiz area, although
there was certainly more intensive effort at two categories af sitalitional feeding sites
exposed in Hampton Harbor at low tide and small pools scattered around the periphery of the
marsh that are used for both roosting and foraging. Special effort was madestigatgghe
several creeks that enter Hampton Harbor on the west and north and which ealtygene
inaccessible to casual observers. These areas were regularlyesubyesayak.

Foraging sites on tidal flats generally occur along a gradient from mudidtedito sand-
dominated. The former is typical of areas at the edges and mouths of snealks:;, evhile the
latter is found primarily in the main flats. The presence of sand at this locapartialy due to
dredge spoils. A mix of sand and mud dominates at the mouths of larger creeks. Argas of fla
the main harbor are also characterized by the presence of extensivelmadssehrticularly

along the western shore, north flats, and northern edge of the south flats (se@)Fi§ubstrate

in pools is almost entirely mud.
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Shorebird Monitoring

Migrant shorebirds were surveyed regularly from July 20 to November 1, 2006, and from May 2
to September 13, 2007. Intensive surveys took place on a total of 25 days in 2006, or on average
every 4 days, with less intensive surveys on an additional 10 days. In 2007, compguadde fi

are 29 intensive survey days, 4.7 days between surveys, and 16 less intensive suriey days
addition, six brief surveys were conducted from January to April 2007 to monitor birdyaictivi

the marsh during winter and early spring.

Most of the surveys in 2006 were conducted with multiple observers (2-4), with individuals
stationed at different sites in the estuary at which they recorded albstdaetivity observed.
Data collected included species, number of birds, time, location, behavior, and — if apprepriat
direction of movement. Observers were most frequently stationed at the follkypesyof sites:
major roosts, pools used for roosting and foraging, and the larger exposed flats @ .|dWhien
possible, 1-2 observers also kayaked into tributary channels to document shorebtgdadctivi
these otherwise inaccessible sites. Since times of observations wededetowvas possible to
estimate estuary-wide species counts by adding simultaneous observagaihsrt (unless
movement was noted, it is assumed that counts within 15 minutes of each other pertain to
different birds). In addition, when movement was noted, it was possible to reconstruct the
general paths taken by birds as they shifted between foraging and rodssngitbiin the
estuary. Timing of surveys was designed to capture behavior across the faly¢idablthough
in most cases only 3-5 hours were spent surveying on any given day.

Similar techniques were employed in the late summer and fall of 2007, when a &xcas w
understanding movements to and from a major evening roost located just south of tinestate |

in Salisbury, Massachusetts. In this study, one observer was genetailyestat the south end

of Hampton Harbor in a kayak, with a second at the Route 286 bridge over the Blackwater River
When a third observer was present, they were stationed at the northeast coaraptufrH

Harbor at the Hampton Marina. These roost movement surveys always occurredaghrisimg

tide of the day. During the spring and early summer of 2007, and on non-intensive days in 2007,
a single observer surveyed the marsh by systematically circumnavidegiagttiary and visiting

key roosting and feeding sites.

Invertebrate Sampling

Based on data collected on shorebird use during the fall of 2006, 11 sites werd $atecte
invertebrate sampling in 2007. One to eight samples were collected at eafdr aitetal of 35
sampling locations (Figure 3). All samples were collected within one hour dfdewAll 35
sites were sampled in late April and late July using a 7.6-cm diameter P¥@perted 20 cm
into the sediment. The resulting sediment core was placed in a sediment bag @hehphac
mixture of Rose Bengal and ethanol for staining. The sample was strained and washed wi
water in the laboratory, and remaining material sorted in an enamel teddition to the
sediment cores, sites at pools were sampled with by dip net in late July.nmaple sas
collected per site using a 15-cm diameter net inserted into sediment a@it¢éns wdge. These
samples were processed using a strainer in the field. In September 2006 a dutibegp@dl and

11



mudflat sites was also sampled by inserting a round-tipped shovel into therseainahe
scooping up a shovel-full of mud. As with the dip net samples, this sediment was processed in
the field using a strainer.

Results

Twenty-three species of shorebirds were detected in the estuary durstigdhéTable 1). Of
these, 10 occurred in high enough numbers or with sufficient regularity to allow an evefvie
their spatial and/or temporal use of the study area. One species, the d&idletific names in
Table B) breeds in the estuary and is discussed in a separate section of thi¥megdmuslk of
migrating shorebirds pass through coastal New Hampshire between mid-JudyeaBdptember,
with a much smaller peak from mid-May to early June (Figure 4). Daily t@alstow
considerable variation (e.g., Figure 5), largely a result of variation image®r shifts in
concentration areas in response to tides, human activity, or even prey denkjtiotBiai also
tend to show two peaks during a given fall migration, with the former reflettengulk of
adults and the second (roughly a month later) consisting primarily of juvenilepola@am
patterns of shorebird abundance across a season are generally well known (st@lHR2004),
and will not be discussed further in this document.

Shorebird Abundance

Peak shorebird counts on a given day or week provide only a snapshot of total shorebied use of
stopover site. An accurate assessment of the number of individuals actuallynuareg a

throughout a season requires knowledge of the length of time birds remairediefaié

continuing their migration. Estimates of this stopover period range from 4-Ffmyser and

Durbian 2006) to 10 days (Short-billed Dowitcher: Jehl et al. 2001) and 23 days (Semipalmated
Plover: Smith and Houghton 1984).

Our data (Figures 4 and 5) often show a gradual decline in numbers of a given afpecas
initial pulse (e.g., Black-bellied Plover and Greater Yellowlegs in Fi§ursuggesting a single
cohort of migrants departing from the stopover site at different times. Thisnpgeteerally

occurs over a period of 2-3 weeks, and we have thus chosen to use a conservativeoéstimate
three weeks for the stopover period in the estuary. Using this stopover lengthrensbleeo
estimate the total population of common species that passed through the studyiagesa dur
given season (Table 1). Note that these estimates are often lower in 2007 bétdarisarly

end to the field season. The estimates are also likely low for species syetlovakegs and Least
Sandpipers that spend significant amounts of time in the marsh where detection andtemumera
are more difficult. Taken together, we estimate that 3000-3500 shorebirds usertph®ht
Seabrook Estuary during the peak migration period between late July and latelf&epte

Based on both daily and seasonal population estimates, it is clear that thajoasy of

shorebirds using the estuary are of two species: Semipalmated Plover apdli@atad

Sandpiper, with at least 1000 individuals passing through the system in a given &dH. Bla
bellied Plovers, Greater and Lesser Yellowlegs, Least Sandpiper, and 8bdrBbwitcher

occupy a second tier. These species are common and widespread in the estuary, but never
approach the high numbers seen for the preceding two shorebirds. One other commsn specie
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the Dunlin, tends to arrive later in the fall, usually peaking after all otleetesphave left, and is
the primary species using the site during the winter. Among the rarer spatjethe Whimbrel
is detected with any frequency.

Shorebird Habitat Use

Shorebirds using the Hampton-Seabrook Estuary during migration have two primaay habit
needs: foraging areas and roosting areas. Because most foragingishabiyaexposed during
low phases of the tidal cycle, birds seek alternate sites to rest — wittdlifmitiging activity — at
or near high tide. Birds also use this resting period to metabolize food into storetutdtthe
next stage of their migration. In the course of this study, we identifiedaddwey foraging and
roosting sites, as illustrated in Figure 2 and described in Table 2.

By far the most important sites used for foraging are the flats locatedsoutieern portion of
Hampton Harbor. This complex consists of three distinct sites, from west td)eth&t mouth of

Mill Creek, 2) Knowle’s Island, and 3) the main harbor flats. Because ofetiffes in elevation,
these flats become available at different times during the tidal cycle, asgrthvide foraging
opportunities across a wider time span than if only a single flat was prAsenme point

during the study, all but two of the 23 species observed during this study (Piping Ptbver an
Purple Sandpiper, which use different habitats) were seen foraging in thiegoffipts at the
northern end of the harbor or at the mouth of the Hampton/Taylor River complex see rauch les
use and lower species diversity, and appear to be used either by larger(&lackebellied

Plover, Whimbrel) or later in the season (Dunlin).

Three sites not directly associated with the harbor flats were also fobadrtgportant foraging
areas. These were three freshwater or brackish pools in the northern portiostofiyharea: 1)
Meadow Pond, Landing Road pool, and Henry’s Pool. All three differ markedly in their
characteristics (Table 2), but consistently contained large concentratisegeoél shorebird
species at high tide or, in the case of Henry’s Pool, when the main flats wenrel drypesed.
These pools appear to provide an alternative foraging site when the main flaas aceessible,
and also serve as a daytime temporary roost for several species. Sieslat the western

(Depot Road pools) and southern (Route 286 pools) edges of the estuary are used fanJess of
by significantly fewer individuals, and by a limited number of species.

Selection of roost sites by shorebirds within the estuary is far more compéexidentified
during this study include freshwater or brackish pools, high points within thé nbarsier
beach, and in some cases human structures such as parking lots. Roost siteotsistmetly
occupied (e.g., Mill Creek mouth, Route 286 bridge) tend to be high banks at the edge of major
tributaries at the southern portion of the harbor. These are dominaBzhtiynaand include
substantial amounts of peat. While smaller species such as Semipalmateciriiover
Semipalmated Sandpiper will roost in or near pools, tBpsetinabanks are the primary roost
site for larger species such as Black-bellied Plover, Whimbrel, and Shodtbdlgitcher. Other
roosts within the system are used more opportunistically. A very large roodtssagered on a
grassy gravel area at the Fisherman’s Co-op in 2006, but its use was lamatecemely high
tides when presumably the normal roost sites of the smaller species were flomasthdRon
the outer beach at Seabrook, and flats near the mouth of Hampton Harbor, wasdihatiedit
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the season (September and October) when these areas were not regulanybyvpeople and
their pets. A final roost site discovered in 2007 is a high area of marsh south of therborder i
Massachusetts, which is discussed in more detail below.

Diurnal shorebird movement patterns

During the fall migration of 2006, shorebirds were observed flying south in large numbers t
yet unknown site at the southernmost area of the estuary in Massachusetts.tdliect de
observations of these movements were conducted in 2007 to elucidate the overall téaryopat
shorebird use of the entire system. From these observations, it appears that 5QF08aibyf
populations of Semipalmated Plover, Semipalmated Sandpiper, Least Sandpiper, and Short-
billed Dowicher migrate daily between foraging and roosting sites in fisb&g Marsh and
foraging sites in the vicinity of Hampton Harbor. The general pattern of thismemies

depicted in Figure 6. Roughly an hour after high tide, birds begin to leave Salisbury and work
their way north. Some fly directly to roost sites at the southern edge of etafatbor, while
others may detour via the outer beach, particularly later in the season.

Because they are exposed early in the tidal cycle, the south flats artheffest area used by
shorebirds on a falling tide. They congregate here and forage until the flats at the afdwil
Creek and Brown’s River are exposed, at which point most birds shift to #realiaas, and
work their way up creeks as more habitat becomes available. Up to two-thirds of local
populations of Semipalmated Plovers, Semipalmated Sandpipers, and Short-billech&switc
follow this pattern, with lesser numbers of Black-bellied Plovers and Gréellewlegs. The
former tend to remain longer on the south flats or those around Knowle’s Island,hather t
working their way up the creeks. Yellowlegs and Least Sandpipers tend to factisrdgeng
activity more on creek edges and pools rather than the main harbor flats. &staNtrimbrel
and Willet tend to remain on the north and south flats, with only limited foraginglggtive
other areas.

As flats in the southern portion of the estuary become more exposed and dried out, many
shorebirds continue north to the freshwater/brackish pools discussed previouslyeOf thes
locations, only Henry’s Pool is tidal, and because the outgoing tide is delayedditzesia
foraging opportunity when other tidal areas are less suitable. As substraeryisHPool also
dries out, birds often move to the Landing Road pool where water levels are staldatgidieg
tide operates in a similar fashion at the southern extreme of the estuagybBasireturn to
Salisbury Marsh as early as four hours before high tide to forage on reegmblyed tidal creeks
at the upper edge of the tidal range.

On arising tide, birds that have not already returned to Salisbury eithen i@ntfae northern

pools or gradually move to roosts in the southern portion of the estuary (e.g., Mill Creek, Rout
286 bridge). The larger species tend to remain at these roosts, while the smakseotesly
continue south into Salisbury Marsh, usually arriving 1-2 hours before high tide. Heredihe

until the next falling tide to begin the cycle again.
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Invertebrates

No invertebrates were detected in any sample collected in April 2007. The dominant
invertebrates found in summer (2007) and fall (2006) samples were marine worthasn(Phy
Annelida, Classes Polychaeta and Oligochaeta), Ostracods (Subplyluac€a,lass
Ostracoda), and water boatmen (Class Insecta, Order Hemiptera: Eamiglae). Polychaete
and Oligochaete worms were found primarily in two locations: Henry's Pdléatortheastern
corner of the marsh and near the mouth of Mill Creek in the southwest. Sites contanrmimg
were characterized by medium-grained sandy mud. Ostracods and watezrbdatmnated
samples from the Landing Road pool at the northern edge of the marsh. No investeferat
detected in any other samples from other portions of the estuary. It is galyiewdrth noting
that Henry’'s Pool and Landing Road Pool were the only pools regularly used by shomtbirds a
the only pools containing invertebrate prey.

Other Bird Species

During the course of regular monitoring, several other species of birds wereenbgsing the
marsh. These species, with brief notes on the nature of their use, are listed in ABpendi

Discussion

It can be hard to draw clear conclusions when faced with a data set as broad anx asmopée
involving the daily and seasonal movements and behaviors of thousands of birds of several
species across an area of 5000 acres. However, several patterns rpgeserly themselves, and
are worth summarizing more concisely. These statements pertain onlystuthbound fall
migration given the much larger amount of data available. Spring migration occues raueh
shorter period of time, and specifics of shorebird usage may be significafehglifthan

described in this report. More data from spring would be needed to make comparisons, but the
low densities of spring migrants make this action a low priority.

Based on the data collected in 2006 and 2007, 3000-3500 shorebirds use the estuary each fall,
two thirds of which are either Semipalmated Plovers or Semipalmated Sandpipss two
species show very similar patterns of habitat use. The majority roosishiBgiMarsh just

south of the state line, with smaller concentrations at the northern pools or banks imttye vic
of the Blackwater River. On a falling tide, birds shift north to the southernril&tampton
Harbor to feed, moving upstream along tributary creeks as more foraginat eoomes
available. At the lowest tides, most birds shift to the pools at the northern edgestiidey,
where prey appear to remain available either continuously of for a longenpafrthe tide

cycle. These same pools are also used as shorter-term resting aveas lfetaging bouts at any
point in the cycle. On the rising tide, most birds eventually return south to roost iouBalis
sometimes with stops at other roosts or foraging sites along the way.

Use of the estuary by these two species also appears clearly tied naiténd imount of data
available on food resources. Of 11 areas sampled for invertebrate prey during thipretyid
items were only detected in three: the mouth of Mill Creek, Landing Road pool, andsHenr
Pool. All three of these sites regularly supported over half the estuary&bskqvopulation at
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one or more points in a tidal cycle. This correspondence between shorebird use and known
invertebrate sites should not be interpreted as a suggestion that othesickedipiey entirely.
Such sites clearly support foraging shorebirds, and it is likely that theabvatets present are
either difficult to sample using our methods, occur in lower densities, or a corabinathe

two.

Other common shorebird species tend to show a similar overall behavioral pati@anfew
notable exceptions. The largest species (Black-bellied Plover, Willetmkvl, and godwits)
spend most of their time foraging at the mussel beds in or around the main harbarefletsly

if ever detected at the northern pools, and tend to roost much closer to the harbor rather tha
continuing south to Salisbury. Yellowlegs and Short-billed Dowitchers exhibithomy of a
mixed strategy. Some individuals clearly accompany the smaller spetiesSalisbury roost,
while others remain with the larger species or — in the case of Gyegit@vlegs — roost on their
own in the vicinity of pools (including those in the south and west). Yellowlegs of bothspecie
as well as Least Sandpipers — spend more time foraging dispersed acroassthéhan on either
creek or harbor flats, while dowitchers focus on the latter habitats and thermquloés.

While most species appear to roost predominantly within the marsh, under certaimesndit
other sites become important. At extreme high tides, even high marsh islands fieayled,

and smaller species shift to higher ground such as the Fisherman’s Co-op in Seabréamit. The
that shorebirds of several species begin using Seabrook Beach as a rogstgpasta after the
summer tourist season suggests that this area also has desirable, jeathaps also related to
extreme tides or proximity to foraging areas.

In summary, migrating shorebirds in the Hampton-Seabrook Estuary do not use habitat in
proportion to its availability, instead selecting a relatively small numblegyoforaging sites and
roost sites that are probably chosen based on some combination of prey avadaiditg} of
time available for foraging, and degree of inundation by high tides. The conservat
implications of such site selection are discussed in the final section ofgbrs. re

16



Table 1. Shorebirds recorded in the Hampton-Seabrook Estuary during 2006-2007, with notev@abeladance, seasonal
population size, and habitat affinities. Abundance categories as follows: A = ab(calants regularly exceed 100 birds), C =
common (counts between 20 and 100 birds), U = uncommon (5-20 birds), R = rare (less thaartige usaally involving only 1-2
individuals). Seasonal population estimates are provided only for the most common species

Common Name (species code) Scientific Name Relative Population Estimate General Habitat Affinities
Abundance 2006 2007

Black-bellied Plover (BBPL) Pluvialis squatarola C 165 135 Throughout
Semipalmated Plover (SEPL) Charadrius semipalmatus A 1200 1000 Throughout
Piping Plover Charadrius melodus R Beach and dunes
Killdeer Charadrius vociferus R Marsh edge and pools
Spotted Sandpiper Actitis macularius ) Creek edges
Greater Yellowlegs (GRYE) Tringa melanoleuca C 125 60 Marsh and pools
Willet (WILL) Tringa semipalmata C Throughout
Lesser Yellowlegs (LEYE) Tringa flavipes C 50 35 Marsh and pools
Whimbrel (WHIM) Numenius phaeopus ) 5-10 5-10 Marsh and flats
Hudsonian Godwit Limosa haemastica R Marsh and flats
Marbled Godwit Limosa fedoa R Marsh and flats
Ruddy Turnstone Arenaria interpres R Flats
Red Knot Calidris canutus R Marsh and flats
Sanderling Calidris alba ) Beach and flats
Semipalmated Sandpiper (SESA) Calidris pusilla A 2000 1500 Throughout
Least Sandpiper (LESA) Calidris minutilla ) 45 40 Marsh and pools
White-rumped Sandpiper Calidris fuscicollis R Throughout
Baird’s Sandpiper Calidris bairdii R Marsh and pools
Pectoral Sandpiper Calidris melanotos R Marsh
Purple Sandpiper Calidris maritima C Jetty
Dunlin* (DUNL) Calidris alpina C 360* Jetty, beach, flats
Stilt Sandpiper Calidris himantopus R Marsh and pools
Short-billed Dowitcher (SBDO) | Limnodromus griseus C 70 220 Throughout

* Unlike most other species, Dunlin spend the entire winter in or near the estuary, angldmwnsignificant temporal overlap with
other shorebirds during fall migration (see Figure G).
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Table 2. Significant landscape features used by shorebirds in the Hampton-Seakuaok Bites are arranged roughly from north to

south and west to east (see Figure 2 for specific locations). Species codbeiB.T

Patch

Use

Characteristics

Predominant Species

Meadow Pond

Provides high tide roosting and forggin
opportunity with consistent water levels

Wet mud and freshwater with no tidal influence.

Recharged by freshwater stream. Relatively freg¢

from human disturbance.

D

SEPL, SESA, and GRYE

Landing Road
pool

Provides high tide roosting and foraging
opportunity with consistent water levels

Wet mud and freshwater with no tidal influence.
Recharged by hardwood swamp. Only site
sampled with insect and crustacean prey.
Relatively free from human disturbance.

50-80% of SESA, SEPL, and SBDO
across the entire estuary routinely use
this area from 3 hours after low tide to
hour after high tide.

Henry’s Pool

Because of delayed exposure and
flooding relative to main harbor, provide
foraging opportunities when main flats
are dry and exposed

Wet mud and brackish water, affected by tides
swith daily flooding and exposure delayed from
main harbor by 90 minutes. Fed by continuous
freshwater or brackish water input from stream
draining meadow pond. Contains many annelid
worms.

40-60% of SESA and SEPL, and 909
of SBDO across the entire estuary
routinely use this area. Important
foraging area for GRYE and LEYE.

Taylor River

Roost and Foraging, generally low use

Creeks and abundant bank flats and mid-creek
flats.

SESA, LESA, GRYE, and Spotted
Sandpipers. Some foraging by SESA
and SEPL prior to or following use of
the Landing Road pool.

Depot Road poolg

Roost and foraging; highest use on
extreme hide tides

Mix of gravel, high marsh pools, creeks, and cre
banking.

eRESA, LESA, SEPL, and GRYE

Hampton River
Flats

Infrequent foraging when main flats wer
dry and exposed following low tide.

eLarge exposed flats

Greatest use is by BBPL duehg
some use by SEPL and DUNL

North Flats (west

Infrequent foraging when maatsiwere
dry and exposed following low tide.

Large exposed flats

Greatest use by DUNL durifigafed
winter

North Flats (east)

Foraging on mussel beds, rdosbe
northeast bank across from flats

Dark mud and mussel flats with adjoining bank
peat andSpartina

pfWHIM, SBDO, and WILL (forage);
BBPL, DUNL, SBDO (roost)

Mouths of
Brown’s River
and Mill Creek

Birds roosting here typically forage the
adjacent flats at the Mill Creek mouth a
pocket flats behind the marsh islands
nearby. Offers forage site at start of tide
dropping and after low tide on a rising
tide when main flats are exposed and d

Important complex of creeks, creek flats, pocket
ndlats and opportunistic roost sites, including a
Spartinabank roost south of the mouth of Mill
Creek. Diverse topography provides numerous
moist microsites and ample t&8partina
nalterniflora cover. Invertebrate sampling detecte
annelid worms.

Foraging by highest diversity of
shorebird species including SESA,
SEPL, Sanderling, DUNL, SBDO,
WILL, WHIM, and Hudsonian Godwit.
Roost also supports high diversity,
dincluding Hudsonian Godwit, WILL,
SESA, SBDO, WHIM, Ruddy
Turnstone, and White-rumped

Sandpiper.
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Knowle’s Island

Used by foraging birds in associati
with creek mouths at slightly lower tideg

Has greater proportion of mussels and varied
. micro-topography with numerous pools and
mounds of dark to light colored mud and sand.

Used by high diversity of shorebirds,
including SESA, SEPL, BBPL, WHIM,
SBDO, LESA, Ruddy Turnstone,
WILL, DUNL, and Sanderling among
others.

South Flats Use starts at the extreme southeriofend This is the main flat in Hampton Harbor, with Important foraging site for DUNL,
the flat as it is exposed first. Foraging usextensive mussel beds near the southern end. TB&SA, BBPL, SEPL, Hudsonian
tracks the receding water or is central and southeastern portions have been byilGodwit, and WHIM; particularly at the
concentrated around microtopography | up by dredge spoils and stabilized by a bulkheagmussel-dominated southern portions.
providing areas of pools. Toward low tideresulting in parts of this flat drying out earlibian
and several hours into the rising tide the in the past.
area is abandoned in favor of the mouth
of Mill Creek.

West side of | Occasional roost and foraging, also a | Spartinabank and associated river flats WHIM

Blackwater River
above mouth

post-foraging staging area on rising tide.

Fisherman’s
Co-op

Roost area during extreme high tides

Gravel angsgrarea at edge of parking lot

Occasionally liseentire estuary
population of SEPL and SESA

Seabrook Beach

and flats at mouth

of Hampton
Harbor

Used as a roost and for limited foraging
predominantly during tourist off-season
Also a staging area at start of dropping
tide prior to moving to South Flats and
the mouth of Mill Creek

, Outer barrier beach and flats. During most of th
migration season this area is heavily used by

area for shorebirds.

people and thus does not provide a secure roog

p 50-75% of BBPL, DUNL, Sanderling,
SEPL, and SESA in late fall.

tikgtensive use by Sanderling, Purple
Sandpiper, and DUNL in late fall and
winter.

Route 286 Bridge|

Primarily a roost site, with liedt
foraging at high tide. The water levels o
the Black River respond quickly to the
dropping tide and possibly serve as a c
to search the emerging flats. Birds
roosting here may head to Seabrook
Beach for short foraging bout prior to
heading in to the South Flats.

Mix of Spartinaand pools adjacent to east bank
f Blackwater River. Presence of restaurants and

fishing access makes this site highly susceptiblé
uduman disturbance.

oSecond highest roost diversity after
mouth of Mill Creek: entire population

2 bf BBPL typically roosted here, along

with SBDO, DUNL, SESA, and GRYE

Route 286 pools

Roost and foraging at high tide

|Poo

GRYE
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Figure 4. Seasonal abundance patterns of selected migrant shorebird spgbeiésampton-Seabrook Estuary. Numbers are the highest total
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Figure 5. Daily abundance patterns for five common shorebirds that used the Hangtimoke
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Salt Marsh Breeding Birds in the Hampton-Seabrook Btuary: 2007
Introduction

The northeastern coast of the United States is relatively unique amongrsaltsystems in that

it supports a high diversity of breeding birds, many of which have evolved adaptttideal

with the extreme conditions typical of such habitats (reviewed in Greenba&lt2606). Because
these species are usually restricted to narrows bands of habitat infuesé@lgped areas, they
have been recognized as priorities in both national and regional bird conservatioe jglans (
Rich et al. 2004). At the same time, because of difficulties associated watbsawy and

working in these habitats, there is limited information on the status, abundance, and egn biol
of many species, making additional research and monitoring a key strafegyering their
conservation.

In response to this need, considerable recent effort has been put into study alflttinmeess
obligate sparrows: Saltmarsh Sharp-tailed Sparfawnjodramuscaudacutul Nelson’s Sharp-
tailed SparrowA. nelsoni subvirgatysand Seaside Sparro.(maritimug, at least one species
of which occurs from Texas to the Gulf of St. Lawrence. All three species ao{acgalt
marshes from New Hampshire through central Maine, although the Seasidedpaare. In
New Hampshire, Saltmarsh and Nelson’s Sharp-tailed Sparrows may setpegates degree,
with the former in larger marshes and those with less freshwater influirtehe latter in
smaller marshes and those with generally less saline conditions (M. McElroy, .uitgtalpl This
pattern is consistent with observations that Nelson’s Sharp-tailed Sparromore aecent
colonist of the region’s salt marshes and appears less adapted to their serextierae
conditions (Shriver et al. 2007).

Research on the Saltmarsh Sharp-tailed Sparrow in New England hasddespécific
conservation issues. The species appears to be somewhat area-sengtiseiathe extent that
it is more likely to occur in marshes with other marshes nearby (Shriveriekeryw2001,

Benoit and Askins 2002). Numbers are also lower in areas with relatively high msty de
(Shriver and Vickery 2001). This species is extremely susceptible to nesillogsg extreme
high tides, and as a result a local population converges on synchronous breeding following the
first such tide of a season (Gjerdrum et al. 2005, Shriver et al. 2007). Tidalti@ssrthus have
the potential to affect breeding success in this species if the breeding subgect to higher
than normal flooding as a result. At the same time, because Salt Marsh SbdrBgarrows
tend to occur in areas of high marsh, loss of such habitat through intrusion by non-native
invasive plants (e.gRhragmite$. Such invasions are facilitated by tidal restriction, salt marsh
ditching, or other alterations that reduce the regular inundations by salt edtexduce survival
by invasive species. In addition to habitat-level threats, recent researaelsb documented
relatively high levels of methylmercury in sharp-tailed sparrowsi\(&het al. 2006), although
the biological effects of these levels remain unknown.

The overall effect of such threats on these species’ demographic processesatiygunknown.
There is some evidence that Saltmarsh Sharp-tailed Sparrows have declorad postions of
their range (Greenlaw and Rising 1994), but more systematic monitoreguisad to fully
understand population trends and the factors that influence them (Rich et al. 2004).
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Another breeding species restricted to salt marshes in the NortheasiMgleh€Tringa
semipalmata This shorebird, like the Saltmarsh Sharp-tailed Sparrow, appears areaeensit
(Shriver and Vickery 2001, Benoit and Askins 2002), although other habitat variables are
generally poorly known. Because Willets in the region are subject to the s@aus #s salt
marsh sparrows, the North Atlantic Regional Shorebird Plan (Clark and Niles 2@&0thia
species as “a species of high concern,” a higher ranking than it attains ondhalratel.
Because Willets are also long-distance migratory shorebirds, they rayeadsibject to threats
that operate on stopover habitat as discussed in the shorebird portion of this report.

As the largest area of salt marsh in New Hampshire, the Hampton-Seabroaly Esclearly a
critical site for the state’s breeding populations of Willet and Saltntainsirp-tailed Sparrow.
Some research has been conducted on habitat selection and productivity in salpaneyals s
in the state (M. McElroy, unpubl. data), but these data have yet to be analyzedutintltime
as those analyses are completed, an important intermediate step msdadgter understanding
of breeding species’ distributions within the estuary, which in turn can gutigie fconservation
or restoration efforts.

Study Area and Methods
Survey Sites

A total of 15 sites were selected for the purposes of breeding bird survey wor.sitees

(Table 3, Figure 7) were defined largely based on access points, as all pibims\site were
surveyed consecutively on the same day. Most sites were located in areas oSththatavere

not subject to daily flooding, since such locations cannot support nesting sparrevggl&ition

was further informed by data collected by a UNH graduate student in 2004-2005, Inethat t

2007 sites included a mix of previously surveyed areas and sections of the estuary that had not
been previously inventoried for salt marsh nesting birds. For the purposes of soreesarsilys
were further grouped into seven “zones” (Figure 7) which were defined by both positien in t
estuary and broad habitat characteristics. The six zones and their basitedsticacare

described below.

The Northwest zone includes two sites (Drakeside and Depot Road) located in theagpes r
of the Taylor and Hampton Falls Rivers. Both sites are at the upper elevatiuhaf kalt
marsh in the estuary. The Depot Road site has been moderately ditched, whileBraloes
closely approaches a natural system. Drakeside is also entirelyanpstira tidal restriction
resulting from a culvert under Route 1. The North Central zone includes three aitles (T
Trestle, Landing Road, and Tide Mill Creek) located in that portion of the estuamydrethe
Taylor River and Route 101. As with the Northwest sites, these sites are negpéene
elevational limit of salt marsh. Most are also heavily ditched, while the hgriribad site is an
isolated pool. The Northeast zone is a well defined area located between Rdusesl 101E
and drained by the upper reaches of Tide Mill Creek. Unlike other northerntagesea is
almost entirely natural, and the two sites here (Apartment Buildings #teldack’s) are
essentially without ditching. However, both sites are in close proximity to roads a
development.
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The Central zone is an area of marsh between the mouths of the Taylor and Brivers aR

the northwest edge of Hampton Harbor. This is an area of low marsh that is flooeled saes

a month. The Mill Creek zone includes two sites (Beckman’s Landing and CBioels) on

either side of Mill Creek where it enters the southwestern portion of HamptbortH&/ith the
exception of the upper portions of Caine’s Brook, this area is extensively ditched.tkrals to

be a lower section of marsh than those discussed previously. The Southwest zone imoludes t
sites (Walton’s Landing and Lower Collin’s Road) along the southweliege of the estuary

in Seabrook. Both sites are extensively ditched and located in high marsh. The $aotheéas

a loose collection of three sites (Route 286, Seabrook Condos, and River Road) associated with
the southern and eastern drainage of the Blackwater River. Of these si&=albhaok Condos

is heavily ditched, while the other two (with only a single point each) atvedl unaltered. All
three sites are in close proximity to roads and developed areas.

Bird Surveys

A total of 61 points at the above sites (see Table 3) were surveyed for SalBharp-tailed
Sparrows during the summer of 2007. 52 points were accessed on foot, while the nine points in
the Central zone were surveyed by kayak. Surveys were conducted from 28 June through 1
August, with one additional site (Route 286) also surveyed on 23 August. All points were
separated by at least 250 meters. At each point, an observer conducted a standaute10-m

point count, with the total count divided into three time periods: 0-3 minutes, 3-5 minutes, and 5-
10 minutes. For each time period, the observer recorded the total number of sparroed detect
within 50 meters of the point. Sparrows were also counted during transit betweeropuaihite
entering or exiting the site. For the purpose of analysis, we will use the oraxiomber of

sparrows recorded during any of the three intervals. Sparrows detectec diwd sitt on point
counts were used to estimate total site populations and rough distributions of birdsagitei

(e.g., if birds were detected between points 1 and 2 but not at either point, both points are
recorded as having sparrows in Figure 8).

In the process of conducting sparrow surveys, observers also noted the presenietscaniil
Common Terns. However, because both these species have larger home ranges then sparro
the point count technique was not an appropriate means of estimating populationteiad, Ins
Willet and tern locations noted in the course of sparrow surveys were compared with
observations taken during other monitoring activity in the estuary and used taestiena
distribution of these species on the marsh. For Willets, particular attentsopanhto display
flights and interactions between territorial birds. Later in the seasong ynas were noted as

an indirect means of assessing reproductive success or failure.

Habitat Characterization

Vegetation characteristics were measured at all sparrow surveyg psingj the methods of

Benoit and Askins (2002) and James-Pirri et al. (2002). At each point two 50-metectsans
were laid out perpendicular to each other, with one transect oriented toward theareake s\t
10-meter intervals along each transect, percent cover was edtivititen a meter-square plot.
Within each plot we estimated percent for each plant spegpest{na alterniflora divided into
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tall and short forms), thatch, pool, creek, and river. Individual points were charadtbyi the
mean percent cover of each cover type. For purposes of analysis, this setoidwarées
reduced to the following major vegetation or substrate typeartina alterniflora(tall form), S.
alterniflora (short form),S. patengDistichlis spicataTriglochin maritimum thatch, other
vegetation, and water (pool or creek).

Variables related to habitat condition were collected at the scale obsizteses from aerial
photographs or the New Hampshire Wildlife Acton Plan (WAP) habitat maps. Basedain a
photographs, sites were classified into three categories reflectingiéim efkditching: ditched,
minor ditching, or natural. The following patch-level variables were examinad\WWAP habitat
maps: percent invasive species, road density, and overall condition.

Results
Saltmarsh Sharp-tailed Sparrow

During the course of surveys in 2007, the oldlgmodramusparrow detected was the Saltmarsh
Sharp-tailed Sparrow, and all further mention of “sparrow” in this documenttoetieis species.
Sparrow densities were highest at the peripheries of the marsh (Table&), payticularly in

the Northeast zone (mean = 10.29 per point). Low or intermediate densities (nteadbsl-3)
occurred in the Northwest and Southwest. Sparrows were rare or absent irf Hreasarsh

closer to major creeks or in the vicinity of isolated pools. Not surprisingly viees completely
absent from the regularly flooded Central zone. This variation among zones was highly
significant (ANOVA: F = 25.67, p < 0.001).

Multivariate analysis of vegetation variables at sparrow points revealeahstent interactions
among variables that would allow simplification of the data into a smallebeuaf descriptive
variables. Across the study area as a wHgpayrtina patensvas the dominant species,

constituting an average of 40.5% of ground cover across all points. The short foparitia
alterniflora was the second most abundant cover at 22%, follow&ldtighlis spicataat 9.8%
andSpartina alterniflora(tall form) at 5.0%. Areas covered by water covered an average of

9.9% of the survey plots. When the four main vegetation types were compared across zones, the
Northeast differed significantly from all other zones in f8ilpatenandsS. alterniflora(short

form). Specifically, the average cover®fpatensn the Northeast was 20.5%, whereas in the

other zones it ranged from 33-49% (ANOVA: F = 2.755, p = 0.03). In contrast, the short form of
S. alternifloraoccupied 48.7% of plots in the Northeast, and only 13-23% in other zones
(ANOVA: F = 2.96, p = 0.02). Across all points, there was a significant negativeation

betweersS. alterniflora(short) and botls. patengr = -0.573, p = 0.0) an§. alterniflora(tall) (r
=-0.279, p = 0.045). These correlations are consistent with the typical distribuBpartiha

species within a salt marsh. T&ll alterniflorapredominates in the lowest areas proximate to

creek channels or larger open water areas, with the short form taking twecegst of the

banks.S. patengakes is most common in the highest sections of the marsh that are least subject
to flooding, as this species is less salt-tolerant than the other.

Based on both sparrow and plant distributions, it appears that Saltmarsh Sadrgarrows
reach their highest densities (mean per point) at sites dominated by theshmt$.
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alterniflora (r = 0.28, p = 0.041), with relatively low amountsSfpatengr = -0.24, p = 0.083).
However, this relationship is driven almost entirely by the seven points in the Netthane,
which were characterized by high sparrow density and a high proportion oSslattdrniflora

If the Northeast points are removed from the analysis, these relationshislanger evident.
The other underlying characteristic of the Northeast zone is the absentensivexditching.
While this feature may in turn be related to the dominance of Shaiterniflorg it may also be
an important habitat selection criterion for the sparrows. The other site wsslycipproaching
a natural condition was the marsh of Drakeside Road, and which had the highest sparrow
densities outside the Northeast zone. This observation supports the hypothesis thas sparr
avoid heavily ditched areas within the Hampton-Seabrook estuary.

When WAP habitat condition variables were compared among sites, there wezarmumatierns
related to either sparrow density or vegetation characteristicsifiSpiéy, all study sites had

high biological and landscape condition scores, and low cover in invasive plants (all < 4.5%)
Areas in the Northeast and Southeast had the highest road density and percentage of
development, and as a result also scored relatively low for human impacts (mkahingpacts
were moderate to high). Only in the Northwest is there a significant amouwmssreed land,
and as a result this zone scored the lowest for overall risk. To summarize, spatieve their
highest densities in the Northeast, despite high human impacts in that zone. Tmsgphkiely

a result of the marsh’s natural condition in this area, perhaps complimented bg\eglofc
shortS. alterniflora

Willet

The majority of Willets were found in two areas of the estuary: 1) the @astdra portion above
Route 101 and 2) around the mouth of the Blackwater River at the southern edge of Hampton
Harbor (Fig. 9). A few pairs were also located in the northwestern portion of teh,rapstream
along the Blackwater, and upstream along Mill Creek in Seabrook. None wertedétete
Central zone. The total minimum population size for the study area is 28 pairs, althisuglat
conservative estimate and the actual population may be in the 30-35 pair rangg sBiairin

marsh sparrow surveys conducted by UNH in 2004-2005, Willets were found in theseeasne ar
and at the same relative abundance. Numbers were highest in the northeast, Neith sma
numbers in the south and northwest. Breeding was confirmed in the northeast, off Drakeside
Road, and along the Hampton Falls River (M. McElroy, unpubl. data). Unlike the sparrows,
Willets were observed to move large distances within the estuary, withbiwdayeaving core
nesting areas to forage at the mouths or edges of major creeks. This behagilediEwmented

in eastern populations of the species (Lowther et al. 2001) and makes estimation cdrigene
size difficult. As a result, it is not currently possible to extrapolate ourtsesuh population
estimate for the estuary as a whole. Sites used by Willets were disjmogiatty located near
creeks, rivers, or the harbor, in direct contrast to the high marsh areasdsbiebteeding
sparrows. Other important habitat features for this species are strutaceas display posts,
including boulders, bird boxes, greenhead traps, and remnant pilings.
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Other Bird Species

During the course of regular monitoring, several other species of birds wereenbgsing the
marsh. Of these additional species, the Common Tern is of particular inteeasidéte
Hampton-Seabrook Estuary was traditionally the major breeding site in epgthire until the
species was restored to the Isles of Shoals in 1997. As the latter colomgvmaslidtle effort

has been expended monitoring the state’s remaining mainland sites, so receontrdtta fr
traditional site in Hampton are valuable. During the summer of 2007, Common Terngwete f
regularly in both the Northeast and the southern portion of the Harbor. Breeding evidsnce w
not noted in either location, but the regularity of sightings in the Northeast suggEst0-15
pairs were nesting there. Terns seen elsewhere in the estuary eleklypforaging birds from
colonies in either the Northeast or Isles of Shoals, and included large flocks ohlihrds i
southern portion of the harbor in early August. For more details on other speciesohsang
the estuary during this study, see Appendix B.

Discussion

Saltmarsh Sharp-tailed Sparrows were not evenly distributed acrossuidugy esibd reached

their highest densities in the northeastern section of the marsh that isativelyehatural

condition. This section also has a higher proportion of its surface dominated by tHershait

S. alterniflorg and lessS. patenshen the marsh as a whole. This relationship between sparrows
and vegetation type is different than that detected in other studies, Svhmatenss the

dominant species in areas occupied by Saltmarsh Sharp-tailed Sparrower (&fdiVickery

2001, Gjerdrum et al. 2005). However, there is significant regional variation in these
relationships, suggesting that at some scale other habitat features atpalhg important

habitat cues.

For example, in the Hampton-Seabrook Estuary, the presence of unditched marshrstioh as i
northeast may be more important than a particular vegetation composition. Datdsiearnere

in the estuary lend some support to this conclusion, in that the only other area to hatireetyrel
large sparrow population was the lightly ditched section near Drakeside Rbadiorthwest.

In all other areas the species was rare (southwest) or absent, with ntla@yattier areas clearly
subject to the regular flooding that sets the lower limits of sparrow nesitimig this habitat.
When sparrows were present away from the northeast or Drakeside Road, they tendediito o
areas of high marsh dominated®ypaten®r the short form 08. alterniflora

Although Willets also used the natural section of salt marsh in the northeagtettiessvas
also a common nester 8partinabanks in the vicinity of the major southern tributaries to the
harbor. These data would suggest that Willets may be less sensitive to ditchimgy or ot
alterations, although more detailed data — preferably including nest Iecatiwould be required
prior to making management recommendations. Willet breeding in the southern pottien of
estuary coincides with areas where the species usually feeds and roostshaulate breeding
season (see previous section of this report), which may also be an important faetiyingd
habitat selection.
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Both the above species are known to show some degree of area sensitivity ¢BltriVerkery

2001, Benoit and Askins 2002), and as such the Hampton-Seabrook Estuary is clearly the core of
their range in New Hampshire. While the sparrow occurs in smaller numbersrisathaarsh

patches both along the coast and in Great Bay, the only suspected breeding\sitetfoutside

those presented here is at Meadow Pond (see Figure 2). Although this is a &eslatland,

there are breeding season records from the site, and more research is neddediteede

whether these represent occasional breeding or use by non-breeding indiidedtagmer

would be noteworthy because the species generally avoids such habitats alatenticeoast
(Lowther et al. 2001).

Overall, data collected in 2007 on the primary breeding species of the HamptooeReabr
Estuary point to distinct areas of the marsh that support the majority fdtean’s — and
possibly the state’s — populations of Willet and Saltmarsh Sharp-tailed SpBotiwspecies
reach high densities in an unaltered section of marsh in the estuaries northeastctir
Willets also common around the southern fringe of Hampton Harbor. The conservation
implications of these findings are discussed in the final section of this report.
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Table 3. Areas of Hampton Marsh surveyed for Saltmarsh Sharp-tailed Sparrows in 2007.
Maximum site totals include birds detected between points. Site locationsedditat
parentheses as follows: H = Hampton, HF = Hampton Falls, S = Seabrook. Compaeatde me
for the same general survey zones in 2004-2005 are provided for comparison (M. McElroy,
unpubl. data). See also Figures 7 and 8.

, # # Sparrows| Maximum Mean 2004-05
Site . . ) , : .
points | visits | present*| site total | birds/point| comparison
Northwest
Drakeside Road (H) 5 3 Y 29 2.27 2.29
Depot Road (HF/H) 7 5 Y 14 0.69 A4
Overall Zone 1.23 1.25

North Central

Taylor River Trestle (H) 1.33

w
<

4 4
Landing Road (H) 1 1 N 0 0.0
3 3

Tide Mill Creek (H) 2 Y 0.33
Overall Zone 0.26 N/A
Northeast
Apartment Buildings (H) 4 2 Y 93 8.13
Little Jack’s (H) 3 2 Y 104 13.17
Overall Zone 10.29 6.25
Central (HF) 9 2 N 0 0.0 N/A
Mill Creek
Beckman’s Landing (S) 7 3 Y 2 0.0
Caine’s Brook (S) 6 4 Y 9 0.71
Overall Zone 0.21 0.11
Southwest
Walton’s Landing (S) 4 4 Y 16 1.0
Lower Collin’s Brook (S) 3 3 Y 8 0.0
Overall Zone 0.57 N/A
Southeast
River Road (S) 1 4 N 0 0.0
Seabrook Condos (S) 3 2 N 0 0.0
Route 286 (S) 1 2 Y 1 0.0
Overall Zone 0.0 0.0
(285)

* At some sites, sparrows were detected between points but not during actual pomt Toeise
sites are indicated as having sparrows present even though the mean per paint is zer
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Figure 7. Locations of salt marsh sparrow study sites and zones in the Hamgibooe8e

Estuary in 2007.
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Figure 8. Distribution and abundance of Saltmarsh Sharp-tailed Sparrows in thtohlam
Seabrook Estuary during 2007. Data are not displayed for the Central zone (no spaarows a
point) because GPS coordinates were unavailable.
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Figure 9. Approximate locations of Willet breeding concentrations in the Harget@ainrook
Estuary during 2007.
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Conclusions and Recommendations

This study is the first to systematically survey most areas of theptdanseabrook Estuary for
birds. Its goal is to identify those areas of the estuary that are mostamtdor both migrating
shorebirds and those species that breed in its extensive salt marshes. In thagfskbation we
summarize the key findings of this study, identify the most important focad an¢hin the
estuary, and make recommendations for future monitoring, management, conservation, and
restoration. It is our goal that these recommendations serve as theefirsivgard a larger
conservation plan for the estuary, one that will benefit not only birds but other orgamdrthe
habitat on which they all depend.

Based on our population estimates, a total of 3000-3500 shorebirds use the Hampton-Seabrook
Estuary in a given fall migration. This number is quite small by regioaatlatds. While such
numbers certainly make the estuary the most significant shorebird stopoveNste

Hampshire, they pale in comparison to concentrations recorded both to the north (e.g., Bay of
Fundy: Gratto-Trevor 1992) and south (Cape Cod: Veit and Peterson 1993) within the Gulf of
Maine. Shorebirds using the New Hampshire coastline should probably be consideoédnea
larger concentrations in the Newburyport Harbor/Plum Island marsh compilea {be south,
especially since they regularly roost in the upper reaches of the Blackaraer drainage across
the border in Salisbury. Although overall shorebird numbers in Hampton are relativetyulow
estimate of a passage population of 1000-1200 Semipalmated Plovers is close to 1% of the
estimated North American population estimate of 150,000 for this species. This woulg quali
the Hampton-Seabrook Estuary as a site of regional importance for the Westasphktre
Shorebird Reserve Network (www.whsrn.org), and more careful study is resmecto refine

this population estimate.

The estuary supports the majority of New Hampshire’s breeding populations efsvéiid
Saltmarsh Sharp-tailed Sparrows. The former is a species of high remioni&y, while the
latter — as an endemic to the Atlantic coastal plain — is considered not oniyreinatiority but
a global one as well. Both species reach high densities in the unditched northeasterport
the marsh, making this area a clear conservation priority. In addition, thibutien suggests
that restoration of currently degraded salt marsh has the potential to benefjidmés ©f
conservation concern.

Focal Areas within the Hampton-Seabrook Estuary

Although a system of this size and complexity cannot easily be broken into sméilemgptrat
function independently, there are four areas that warrant special attentiore (F0y, each of
which has its own set of challenges and opportunities.

1) The northeastern portion of the marsh above Route 101 is almost unique in the estuary in that
it remains in a largely natural condition, with ditching limited to small areds north-central

portion. This absence of ditching is almost certainly behind the high densitiesin§nest

Saltmarsh Sharp-tailed Sparrows in this area, and perhaps is also behind itaesegy

Willets and the only colony of Common Terns in the marsh. However, while thiseanems in

a natural condition, it is completely surrounded by roads and housing, and thus subject to poorly
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understood human impacts such as chemical contamination in run-off from roads and lawns. A
relatively small portion of this area is protected, and while development ttoestls marsh are
relatively low, additional conservation acreage would minimize future sféext perhaps allow

for habitat shifts in response to potential sea-level rise. This area shoutdiedntbe a priority

for further research into marsh biota in comparison to sections subject to morénitemsan
impacts.

2) In the far northwestern corner of the marsh is another area (Drakesuetiadnas

relatively little ditching, but that is also subject to tidal restrictiomlzylvert under Route 1.
Sparrow densities here are significantly lower than in the northeast, bhigétdr than any

other area of the estuary. The extent of tidal restriction by the Route 1 @ardeahy effects on
sparrow habitat are unknown, but bear additional investigation. Because theoeesagea of
conservation land here and a less developed upland buffer, the Drakeside Road marsh may
present an excellent opportunity for future restoration.

3) Pools at the periphery of the marsh — particularly in the north — appear to lad fonigiging

and roosting areas for most of the migrating shorebirds that use the estuasuch areas

(Henry's Pool and Landing Road pool) were the only pools where invertebrate prey were
detected, and — along with Meadow Pond to the north — are either entirely freshveatieject

to regular freshwater inputs. If their low salinity is related to preylaibty and the latter to

high shorebird use, these two pools may be among the most important sites in proportion to thei
area in the entire system. They occupy less than two acres of the 500&t@ang and yet

regularly support more than 50% of some shorebird populations. The hydrology of these pools is
a subject needing further research, and in any event restoration and camnsefagripheral
freshwater and brackish systems is an important goal.

4) At the southern edge of Hampton Harbor is a large area that encompasses themtioeiths
major southern tributaries (Brown’s, Mill, Blackwater), the south flats of ptamHarbor, and a
significant shorebird roost below the mouth of Mill Creek. The creek mouths and south flats
exhibit high topographic and substrate diversity, contain annelid worm prey, and support up to
75% of the daily shorebird population on at least one tide daily as soon as they abtedfeaila
foraging. Recent alteration to the south flats through the installation aiaimgtbulkhead has
resulted in these flats drying out relatively early in a tidal cyclecAoil reports suggest that
this alteration has also resulted in a decline in shorebird use, although treaeefktill an
important staging area as other flats are being exposed on falling tideklifion to the roost
below Mill Creek, this focal area could arguably include another significant upsgeam near
the Route 286 bridge, and ultimately the Salisbury Marsh roost in Massachusetddiiiba af
the latter two areas would effectively incorporate the majority of sites loxg the larger
shorebird species into a single functional unit. This area — not including theviatterast sites

— is also the other important Willet nesting area within the estuary.

Critical Threats and Strategies
Extensive areas of the marsh are still heavily ditched, and data on Saltmapstatécr

Sparrow distribution suggest that this priority species reaches its highsgtedein unditched
portions of the estuary, and is exceedingly rare or absent from heavily ditelasd\athile
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reasons for this pattern of habitat selection are unclear, consideration df ioy@@ement of
marsh condition would dictate that restoration of currently ditched areas waou loealsfit

sparrow populations. However, it should be noted that restoration can result in telynporari
reduced local populations of sparrows (e.g., DiQuinzio et al. 2002), and that seaesainay

be required before restoration effects on sparrows can be documented. The high sparrow
population in the unditched northeastern portion of the marsh would likely serve as a source of
colonists to restored areas in the event that local restoration activitedesushort-term
extirpations. One reason the Salisbury Marsh may be an important roost is theetineeaof
ditching has resulted in a number of pools on the marsh surface. Ditching in the rest of the
estuary may serve to drain such pools and reduce their value as roosting or fesding a

Restoration should also take into account the freshwater or brackish pools thaiaataritrio
roosting and foraging shorebirds. This might be achieved through restriatingrfoconstruction
in the wooded buffers around the freshwater and brackish streams feeding the Aking the
same lines, a better understanding of how such pools are maintained may alkstof@tion of
sites that are no longer extensively used by shorebirds, such as those at theegrud RioAd in
Hampton Falls.

Human disturbance has been shown to potentially reduce the capacity of shaoebirds
successfully complete their migrations. Because the coastal portions of mogitadaand
Seabrook are heavily used by people during the peak of the shorebird fall migratione#tis thr
deserves further research in the estuary. The fact that shorebirds begfilsaabrook Beach
only after the close of the tourist season is preliminary evidence that hunvity atteady

alters shorebird behavior in this system — with currently unknown effects. Bhadyor roost
sites near the Blackwater River are subject to disturbance by boiat tatf one of these — at
the Route 286 bridge — is also accessible to foot traffic. Protection of sensitivatesoshsuld

be a priority within the estuary, with public outreach being perhaps the most intipogans of
accomplishing this goal. We acknowledge the need for periodic dredgingrgdtéta Harbor,

and based on annual patterns of shorebird use recommend that such activity takevpdsce bet
November and June. During this period, non-breeding shorebird use is significantlynawaer t
July-September, and harbor maintenance outside of the peak fall migration woulthriesugr
overall disturbance to birds during this critical stage of their annual cycle.

Although state wetland regulations make direct loss of additional salt marsit ialikely,

there are still benefits to direct land conservation in the estuary. Such consestatild
particularly focus on high marsh or upland buffers around the periphery of the estuary, which
would serve the dual purpose of reducing external impacts to the marsh and pptditialfor
habitat migration in the event of sea level rise. Consideration of marsh cerpectd tidal
restriction in the latter context are also important considerations. Inagdirther

development that encroaches on important roost sites should be minimized through direct
conservation, regulation, or a combination of the two.

Next Steps

In addition to the conservation recommendations outlined above, there are stilhegsasy
further research in the estuary. These include more detailed study ofbniErfgopulations
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with respect to shorebird foraging patterns, the role of freshwater inputhenpools used by
shorebirds along the estuary’s northern edge, analysis of existing data atersedestion by
salt marsh sparrows, and a more accurate estimate of the area’sgwéldinand Common
Tern populations — including productivity measurements.

However, such research can take place in parallel with a concerted effatnot@the most
appropriate conservation strategies for the Hampton-Seabrook Estuarggitiaéhext step is
thus to move forward with development of a conservation plan, including consideration of other
plans already in existence for larger geographic areas (e.g., N&riEstProject 2000, Zankel et
al. 2006). Such a plan should begin by gathering the appropriate experts in thesestudogy
together and compiling a broader base of data to guide conservation decisioasandrédareats
in need of immediate conservation can be prioritized using the best availableesend the
more appropriate parties to implement conservation strategies can beadeKiy players in
any such effort include many of those listed in the Appendix to this report, andeffeety
should be made to cross state lines and involve partners in Massachusetts. Likesthedshor
that pass through here twice a year on their trans-hemispheric journegsugefacing this
estuary are not constrained by political boundaries, and neither should be out@ffopgsove
the system’s ecological condition.
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Figure 10. Sites of conservation priority for birds within the Hampton-Seabrook¥based
on occurrence of migrating shorebirds, breeding salt marsh sparrows, or bredtiigy Wi
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Appendix A: Overview of public outreach and partnership building component

Concurrent with the field component of this study, we initiated a process of conaging
informing numerous stakeholders in the Hampton-Seabrook Estuary. Stakeholdefsorange
state and federal agencies and organizations charged with management anctton®f the
landscape and its associated wildlife, to businesses and communities whose euatiobaing
is somehow tied to a functional and productive estuary, to members of the genecalvpobli
simply appreciate the opportunities to catch a glimpse of an egret staritliony thie marsh.

Such entities all have different reasons for being a stakeholder and plagndiftdes in the
process of developing and supporting policy. Reasons for being a stakeholder miglet incl
administrative or legislative decree as with state or federal aggecitarged with management
and maintenance of landscapes, open space, transportation systems, wateaqdddiofogical
diversity. A consulting firm might be a stakeholder via its client’s interasd based on the
firm’s own business plan and mission. A non-profit conservation group is often a stakeholde
based upon its mission statement, board of directors, members, and interestafof its s
Irrespective of institutional affiliation, professionals across statieré, and private agencies
and sectors are usually invested personally in environmental management andHiadcareer
works with their value sets.

Other stakeholders include businesses dependent upon tourism, recreationpmatfesting,
and commercial fishing. Such a list could even include the banks that hold notes on the
aforementioned businesses. Stakeholders include landowners from private residethee
edge of the marsh, to residences in the watershed, to large scale industrial oemasstee
Seabrook Power Station. Stakeholders include businesses located further upitsieedatell
away from the main commercial area in Hampton Beach. Buffer zone policies majuality
policies miles from the marsh and harbor center affect commercial addnsi development
old and new. While many stakeholders in the estuary are ready to participatsiond@aking,
many stakeholders do not even realize they might be a stakeholder.

The preliminary stages of stakeholder involvement in this project focused on publacbutre
Table 4 lists all talks, field trips, or interviews by the project coordinatevdsst July 2006 and
September 2007. The project coordinator’'s experiences during these eventsthagjgjesistory
of shorebird migration is a good way to get people interested in the estuary emasiervation.
Birds are often an excellent vehicle to inspire conservation, likely more so Htaisglon of
nutrient cycling and fish nurseries. The latter are obviously criticadosystem functioning,
and likely more important to human economic interests, but they are not somethingisibte
and capable of inspiring awe. Birds that travel thousands of miles a yearadthisacapacity,
and their potential role in raising awareness of estuarine issues should not lstatedler

At the same time, the project coordinator made professional contact with attedradters

active in the estuary or in the broader field of shorebird and marshbird conservatian. Thes
organizations or individuals are listed in Table 5. This combination of public outreach and
stakeholder involvement will be important to build upon when the Hampton-Seabrook Estuary
Conservation Project moves forward into Phase 2, the development of a Conservation Plan.
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Table 4. Public presentations, field trips, or publicly associated with Phaskellémpton-
Seabrook Estuary Conservation Project.

NH Coastal Watershed Weekend (with NH Coastal Program and SPNHF) (Qz266¢r

Hampton Falls Conservation Commission (Fall 2006)

Seabrook Conservation Commission (Fall 2006)

Great Bay Resource Protection Partnership (Fall 2006)

Osher Lifelong Learning Institute (Granite State College): Ingoesentation to 15 people
(Spring 2007)

NH Estuaries Program: meeting of partners with coastal intergsiadS007)

Seabrook Station: classroom session and four field trips to discuss shorebirds (JHeR@es)
(Spring 2007)

Hampton Rotary (Spring 2007)

Seacoast Chapter of NH Audubon (May 2007)

Hampton Public Library (May 2007)

Seabrook Women'’s Club (June 2007)

Osher Lifelong Learning Institute: two field trips with 37 and 20 attenflaesssummer 2007)

NH Public Radio interview on climate change (August 2007): http://www.nhpr.org/node/13575

Article in Seacoast Sun Journal (October 2007):
http://amykane.typepad.com/northhampton/2007/10/conservation-pl.html
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Table 5. Stakeholders contacted during Phase 1 of the Hampton-Seabrook Estuamatamser
Project.

New Hampshire Fish and Game: Nongame and Endangered Species Program

New Hampshire Coastal Program

Nature Conservancy: New Hampshire Chapter

New Hampshire Estuaries Project

University of New Hampshire

Florida Power and Light: Seabrook Nuclear Power Facility

Hampton Rotary Club

Normandeau Associates

Great Bay Association

Wells National Estuarine Research Reserve

Society for the Protection of New Hampshire Forests

Hampton Conservation Commission

Hampton Falls Conservation Commission

Seabrook Conservation Commission

Rockingham County Conservation Commission

Atlantic Cooperative Wildlife Ecology Research Network (Canadian Viél@ervice and
Maritime Universities)

Seabrook Fisherman’s Co-op

Western Hemisphere Shorebird Reserve Network

Manomet Center for Conservation Sciences

Massachusetts Audubon
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Appendix B: Other birds species using the Hampton-Seabrook Estuaryi2006-2007

During the course of regular surveys for both migrating and breeding prioritgspebservers noted all other
bird species, their relative abundance, and locations within the marsh. Whdtuthjsvas not designed to be a
complete avifaunal analysis and inventory, we present a summary of thesenatldjiecies as a measure of
the overall breadth of bird use of the area. This list does not include species believedifghkeapéo the
estuarine ecosystem, including birds only seen flying over or that wander intordfeadge from nearby
forested or residential areas.

Species Abundance and Season Use of Estuary

Black Duck Uncommon year-round Forage in high marsh creeks and pools
visitor and probable breeder

Common Uncommon winter resident Forages in main harboradrmieek mouths, especially at lower tides when
Goldeneye prey may be concentrated
Red-breasted Common winter resident Forages in main harbor amdek mouths, especially at lower tides wher
Merganser prey may be concentrated
Common Uncommon fall and winter | Forages in main harbor and at creek mouths, esfyeaidower tides when
Merganser visitor prey may be concentrated

Red-necked Grebe

Rare winter visitor

Single bireduarea in vicinity of Brown’s River mouth, presibhafor
foraging

Double Crested
Cormorant

Common to abundant visitor
spring through fall

Roosts in large numbers on north flats, foragdsaitor and larger creeks

American Bittern

Rare migrant, primarily in fall

¢rh and low marsh creeks with adequate cover, agturiarsh areas
associated with input of freshwater streams.

Great Blue Heron

Uncommon from early sprind-orages in high marsh creeks and creek flats, saodarge trees around

through late fall

marsh periphery

Great Egret

Uncommon to common
spring and summer visitor

Forages in creeks, pools, and edge of harbor. Manshce occasionally
serves as staging area for birds heading to roost

Snowy Egret

Common to abundant sprin
and summer visitor

grorages in creeks, pools, and edge of harbor. Mangace occasionally

serves as staging area for birds heading to roost

Little Blue Heron

Rare summer visitor

Associatedhvagrets in marsh

Green Heron

Uncommon in summer,
probably breeds

High marsh streams and wooded areas at perimeteash and free from
human traffic

Black-crowned

Uncommon summer visitor,

High and low marsh creeks with adequate coverhigid marsh areas

uncommon migrant

Night-Heron may breed near Meadow associated with input of freshwater streams
Pond
Glossy lbis Uncommon summer visitor High and lowshacreeks and pools
Osprey Two breeding sites, Nests on structures in marsh. Hunts over harbotamgeér tributaries

Northern Harrier

Rare migrant

Hunts over most acfamarsh

Coopers Hawk

Uncommon resident

Hunts shorebirds ftats or pools

Peregrine Falcon

Rare migrant

Hunts shorebirds fasror pools

Roseate Tern

Uncommon summer Visitor|

Foraging tieams Isles of Shoals use main harbor channel, atiigy terns
use harbor flats under shallow water cover

Ring-billed Gull Common year-round resident  Roastid feeds in main harbor
Herring Gull Common year-round resident  Roostsfeeds in main harbor
Great Black- Common year-round resident  Roosts and feeds in haatyor
backed Gull

Belted Kingfisher

Uncommon breeder and
migrant

High marsh pools, ponds, and freshwater streams

Tree Swallow

Common breeder and
abundant late summer
migrant

Nests in boxes scattered throughout marsh; in Auguge numbers
congregate in the southern portion of the estuahgre they roost in the
Seabrook Dunes or nearby areas of marsh, and forsgegrasses and pools

D

Nelson’s Sharp-
tailed Sparrow

Uncommon fall migrant

High marsh, particularly iartheast portion of estuary

Snow Bunting

Common, late fall and wintdr

Barriends.
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