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Chapter 6
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6.1 Introduction

Long Island Sound (LIS) supports a wide variety of organisms whose distributions and
abundances are controlled by processes operating at many spatial and temporal scales, from local
habitat characteristics to long-distance transport of larvae. Ecological processes in LIS have
been affected by natural and anthropogenic factors, including interannual variations in weather,
commercial and recreational harvesting, eutrophication, nutrient-driven hypoxia, habitat
degradation, and colonization by non-native species. Many of the most compelling management

issues in LIS focus on how organisms respond to such stresses. In order to address these
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complex problems, we must first understand the factors controlling biological processes and how
organisms interact ecologically. This chapter provides an overview of the major groups of
organisms occupying the dominant habitats of LIS.

This chapter begins by describing the biota inhabiting the intertidal and shallow subtidal
regions of LIS, including tidal marshes and submerged aquatic vegetation such as seagrasses,
seaweeds, and benthic fauna. Next the subtidal and more open water reaches of LIS are
discussed; separate sections on plankton, benthos, nekton, and other wildlife (birds, reptiles, and
mammals) are included. We end this chapter by focusing on several ecological challenges to the

biota of LIS, including hypoxia, introduction of non-native species, and climate change.

6.2 Littoral Zone: Habitats and Benthic
Ecology

6.2.1 Intertidal Zone

Tidal amplitude ranges in LIS vary with time and location, ranging from ~0.75 to 2.2 m.
LIS has a variety of littoral or intertidal habitats. These include rocky areas, cobble and sand
beaches, sand and mud flats, and tidal marshes. Because of the interplay between the
physiological stresses imposed by periodic aerial exposure and biological interactions related to
competition and predation, many of these habitats are characterized by zones or bands in species
distributions.

Physical factors play critical roles in structuring intertidal communities. Substrate type
largely defines the dominant functional groups in the community. On consolidated substrates

such as rock and large cobble, the substrate is stable enough to support attached organisms;
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epiflora and epifauna tend to dominate. These include a variety of encrusting algae and
seaweeds, sponges, mussels, snails, barnacles, and crabs. On mobile, unconsolidated sands and
muds, the dominant organisms are inflora and infauna. Microalgae, various polychaetes, clams,
and amphipods are typical of these habitats. Substrate stability is the critical factor, and for
example, sand and mud occurring in protected, depositional environments can have substantial
macroalgal cover.

The other physical factor is episodic disturbances created by ice, waves, sediment
resuspension and transport, and burial under mats of wrack. Disturbances severe enough to kill
organisms renew space and resources and permit species that are poor competitors to colonize
(Rhoads et al. 1978). Recovery from the disturbance can occur by vegetative regrowth, seed
germination, lateral growth or migration, and recruitment by seeds, spores, or larvae (Sousa
2001). The mode and rate of reestablishment depends on the disturbance characteristics, with
low to moderate damage events tending to recover by vegetative regrowth and severe damage
events by recruitment (Sousa 2001).

The most common intertidal habitats bordering LIS (including bays, harbors, and other
sheltered areas) are salt marshes and shallow sloping intertidal flats (Fig. 1). Each represents
about 31% of the LIS coastline. These are followed in importance by cobble, gravel, or riprap
areas (19%), rocky intertidal (14%), and finally sand beaches (5%). The distribution of these
habitats varies with region. Salt marshes (37%) are the most common habitat on the north shore
of LIS while intertidal flats (51%) dominate the south shore of LIS. Both coasts have sizable
amounts of exposed gravel, cobble, and riprap, but this habitat represents a large fraction (52%)
of the eastern half of the Long Island shoreline. Overall, the south shore of LIS has about twice

the amount of this habitat type as compared to the north shore. Although both shores have rocky
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areas, the natural areas tend to be exposed bedrock on the north shore and glacial erratics on the

south shore.

6.2.2 Rocky Intertidal

The rocky intertidal (Fig. 2) has the most noticeable biotic zonation of all the intertidal
habitats (Peterson 1991). This region is dominated by epiflora and epifauna living on the rock
surfaces. Rock surfaces provide attachment sites, shelter in the form of crevices, and an attached
source of microbial food. Physical factors such as desiccation, exposure to extreme winter and
summer air temperatures, wave stress, and salinity stress are the strongest determinants of the
upper limits of the distribution of organisms in this habitat, while biological factors tend to
control the lower limits of their distribution (Berrill and Berrill 1981; Bertness et al. 2001).

Zonation in the rocky intertidal of LIS follows a pattern typical of the north Atlantic coast
(Berrill and Berrill 1981; Bertness 1999; Nybakken 2001). At the highest level is the spray or
splash zone; it lies above the spring high tide line and is dominated by lichens. Below that, in
the region where only spring tides reach, is a zone where the rocks are black in color because of
the presence of cyanobacteria. The most abundant animal in this zone is the rough periwinkle
Littorina saxatilus. Within the high intertidal zone, which is inundated even during neap tides,
the dominant animals are the northern rock barnacle Semibalanus balanoides and the common
periwinkle Littorina littorea. Dominant species in the next intertidal zone are determined by the
degree of wave action. On wave-exposed shores, the blue mussel Mytilus edulis is the most
successful competitor in the mid-intertidal zone. On wave-protected coastlines, knotted wrack,
Ascophyllum nodosum, and rockweeds Fucus spp., become the competitive dominants. Irish

moss (Chondrus crispus) is the most abundant species in the low intertidal zone, generally below
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mean low water; this red alga is restricted to this zone because it can tolerate only short exposure
times. Other common species include green algae such as sea lettuce, Ulva lactuca, and hollow
green weeds, Enteromorpha spp., along with L. littorea. In the shallow subtidal, kelp such as
Laminaria saccharina, and a variety of red seaweeds become abundant. On the surfaces of some
of these, it is common to find the chink shell, Lacuna vincta. Throughout the intertidal zone,
mobile predators such as the long-clawed hermit crab, Pagurus longicarpus, the rock crab,
Cancer irroratus, the green crab, Cancinus maenas, the mud crab, Dyspanopeus sayi, and the
Asian shore crab, Hemigrapsus sanguineus, play critical roles in regulating community structure.
The character of the rocky intertidal has changed over time as many key species have
been introduced. These include, along with their approximate year of introduction, H.
sanguineus (1992), C. maenas (1820s), L. littorea (1840s), and green fleece, Codium fragile
(1950s) (Gerard et al. 1999, Steneck and Carlton 2001). It is likely that the rocky intertidal

community during the 18" century bore little resemblance to that found in LIS today.

6.2.3 Gravel, Cobble, and Riprap

Organisms associated with unconsolidated, coarse-grained intertidal areas are regulated
by the mobility of the substrate (Fig. 3) (Osman 1977; Sousa 1979). Large cobbles and riprap
are resistant to movement and areas dominated by this substrate tend to resemble the rocky
intertidal, with mid-tidal surfaces covered by Semibalanus balanoides), Littorina littorea, Fucus
spp., and algal crusts (Ralfsia spp., Hildenbrandtia prototypus). As in the rocky intertidal,
Hemigrapsus sanguineus has become a dominant predator in this habitat (Lohrer and Whitlatch
1997). Below this zone Chondrus crispus and Codium fragile are common (Hammerson 2004).

Small cobbles and even smaller gravel particles are frequently overturned and shifted,;
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consequently, beaches with this substrate tend to resemble sandy beaches and have few species

present.

6.2.4 Sand beaches

Sand beaches are common on the north shore of LIS (Fig. 4). They often appear barren
but are populated by low numbers of large animals. Infauna predominate since the sand layer
creates a buffer from temperature extremes and desiccation, and the substrate is too mobile to
support attached plants and animals (Peterson 1991). Beach characteristics such as slope and
particle size result from an interaction between wave action and source material (Nybakken
2001). In general, beaches that are coarser grained and more steeply sloped tend to drain once
the tide recedes, while finer grained, gently sloping beaches retain water for longer periods of
time after the tides withdraw. On a beach, sand grain size tends to be coarsest where waves
break and becomes finer both towards the water and with increased elevation shoreward (Komar
1998). These grain-size variations contribute to biotic zonation (Peterson 1991), and generally
more organisms are found on fine-grained beaches (Nybakken 2001).

The only primary producers on sand beaches are microflora such as benthic diatoms,
since the sediments are too mobile for attachment of macrophytes (Nybakken 2001). The
dominant fauna include suspension feeders, detritus feeders, and scavengers. Semi-terrestrial
talitrid amphipods (e.g., Orchestia grillus and Talorchestria spp.) are found at or above the high
tide level (Steinback 1999). Further down, the most common species include the isopods
Politolana spp. and Chiridotea spp. at mid-tidal level, and haustoriid amphipods such as
Haustorius virginiana and Amphiporeia virginiana and the spionid polychaete Scolelepis

squamata in the swash or surf zone (Croker 1970; Weiss 1995). Some of the fauna, such as the
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talitrid amphipods, undergo fortnightly tidal migrations in order to maintain their positions
relative to the wrack, (eelgrass, cordgrass, and macroalgae detritus) as it progressively moves up
the beach (Steinback 1999). Wrack provides food, refuge, insulation against temperature
extremes and desiccation, and breeding grounds for a variety of organisms, especially insects
(Steinback 1999). Competition for space is not as intense as on rocky shores. In contrast to the
slow predators in the rocky intertidal, the main predators on sand flats tend to be highly mobile
fish, crabs, and shore birds (Peterson 1991). Characteristic birds include piping plovers
(Charadriud melodus), least terns (Sterna antillarum), sandpipers (Calidris alba), ring-billed
gulls (Larus delawarensis), and herring gulls (Larus argentatus) (Hammerson 2004; Weiss

1995). These birds feed on amphipods, polychaetes, and other invertebrates (Hammerson 2004).

6.2.5 Sand and Mud Flats

Sand and mud flats are found in depositional environments, in sheltered areas such as
embayments and behind spits (Fig. 5) (Whitlatch 1982). These areas are often bordered by
beaches and marshes landward and by eelgrass seaward. The principal producers are microalgae
present as films or mats composed of diatoms, euglenoids, dinoflagellates, and cyanobacteria
(Whitlatch 1982). Microalgae are often found in the upper intertidal but excluded from lower
tidal levels by grazers like the mud snail Ilyanassa obsoleta (Whitlatch 1982). Macroalgae are
generally rare because of the unstable nature of the sediments, but short-lived, highly productive
macroalgae such as Ulva lactuca and Enteromorpha spp. sometimes become established for
short periods of time (Whitlatch 1982).

Mud flats have similar dominant processes and tend to share fauna with fine-grained

subtidal areas. The fine-grained sediments on mud flats retain water, have poor exchange with
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the overlying water, accumulate organic matter, and have high bacterial decomposition rates
(Nybakken 2001). As a result, dissolved oxygen is usually only present in the first few mm of
the sediment. Below that, pore waters are anoxic and rich in sulfides. Because mud flats are low
energy areas, permanent burrows are possible (Nybakken 2001), so tube building invertebrates
are common at mid-tidal levels. These include the surface deposit-feeding polychaetes Polydora
ligni and Streblospio benedicti and the amphipod Corophium spp. (Whitlatch 1982). Other
common surface deposit feeders include Ilyanassa obsoleta, the bivalve Macoma balthica, and
the snail Hydrobia truncata (Whitlatch 1982). The principal suspension feeder at mid-tidal level
is the soft shell clam Mya arenaria. This species forms an important commercial and
recreational fishery in LIS. Burrowing fauna include the polychaetes Lumbrineris tenuis and
Heteromastus filiformis. An important carnivore associated with mud flats is the polychaete
Nereis virens (Whitlatch 1982).

Species zonation patterns are not very distinct but do occur on tidal sand flats, mainly
due to physiological stresses associated with limited feeding and respiration times and biotic
interactions such as predation and competition (Peterson 1991; Whitlatch 1982). Common
molluscs include the predatory moon snail Neverita duplicata (=Polinices) and the small,
suspension-feeding bivalve Gemma gemma. These tend to occur from the mid- to low-tide level
(Whitlatch 1982). In the low intertidal zone, larger, suspension-feeding bivalves such as the
common razor clam Ensis directus and the hard clam Mercenaria mercenaria occur. Spiophanes
bombyx and Arenicola marina are representative deposit feeding polychaetes on sand flats. Both
tend to be found at or above the mid-tide level (Anderson 1972; Whitlatch 1982). The former is
a surface deposit feeder, and the latter builds a U-shaped burrow, funneling sediments to the

mouth at one end of the burrow and defecating at the other. Horseshoe crabs (Limulus
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polyphemus) are a seasonal predator that digs pits on sand flats during high tide searching for
invertebrate prey. They also spawn here in the high intertidal. Other predators utilizing sand
flats include fish such as scup (Stenotomus chrysops), sand lance (Ammodytes americanus), and
flounder (e.g., summer flounder Paralichthys dentatus) and a variety of birds, including
sandpipers, least terns and gulls (Whitlatch 1982).

Reid et al. (1979) described a sand community distributed in shallow areas along the
eastern two-thirds of Long Island, including the nearshore region in Smithtown Bay and from
Port Jefferson to Mattituck Inlet. The molluscan fauna in this community was dominated by
three suspension-feeding bivalves, Ensis directus, Pandora gouldiana, and Spisula solidissima, a
surface deposit feeder Tellina agilis, and two gastropods, the suspension-feeding Crepidula
fornicata and the scavenging Ilyanassa trivittata. Also abundant were two
carnivores/omnivores, the painted worm Nepthys picta and Pagurus longicarpus, and a
tubiculous, deposit-feeding amphipod Ampelisca vadorum. All stations with this faunal
assemblage occurred at water depths less than 10 meters. This geographic region consists of a
series of shoals whose major source of sand is from erosion of adjacent bluffs (Bokuniewicz and
Tanski 1983). An accumulation of mollusc shells is generally present at the base of the shoals,
and further seaward, the sediments become finer grained. Commercial harvesting of S.
solidissima occurs on the shoals east of Mount Sinai Harbor.

In harbor areas, sand and mud faunal assemblages are affected by many of the same
physical and biotic processes and are similar to assemblages found in the deeper subtidal areas of
LIS. As a result, no separate discussion of these assemblages is necessary here. It is notable,
however, that studies examining the structure of benthic communities in harbor areas tend to

clearly identify community characteristics that suggest frequent natural and/or anthropogenic
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disturbances. For example, Ocean Surveys, Inc. (2010) found that a number of opportunistic
species were abundant in Sheffield Harbor, Norwalk, CT. Cuomo and Zinn (1997) characterized
the benthic community at most sites in the lower West River in New Haven and West Haven, CT
as early to mid-successional (Stage I-Stage Il, sensu Rhoads and Germano 1982) and suggested
they were being maintained at that level by frequent disturbances. Cerrato and Lee (2008), in an
investigation of Oyster Bay/Cold Spring Harbor, Huntington/Northport Bay, and Port Jefferson
Harbor, found that portions of each area had benthic community characteristics that suggested
the presence of stress. These included lower than expected species richness, anomalously low
abundances, and dominance by low successional, opportunistic species. For example, in Oyster
Bay/Cold Spring Harbor and Huntington/Northport Bay, more that 60% of all individuals
collected belonged to one of five early successional species. Similarly stressed assemblages
were found in Bowery Bay and Flushing Bay in the East River (Cerrato and Bokuniewicz

(1986).

6.2.6 Tidal Marshes

Three broad classes of tidal marshes are present in LIS, salt marsh (polyhaline), brackish
marsh (mesohaline & oligohaline) and fresh-tidal marsh (fresh). Salt marshes are the most
common class near the shores of LIS. Each of these marsh types has characteristic plant and
animal communities. Nichols (1920) describes the vegetation of the fresh, brackish and salt
marsh “series”. For geological reasons, there are no extensive shallow waters, sheltered from
wave action in LIS and so tidal marshes are small and the largest tidal marsh only 800 acres.
Marsh acreage is estimated at 20,895 acres of tidal marsh with 84% in Connecticut. Prior to the

passage of the CT tidal wetlands act in 1969, 30% of all tidal marshes were lost to unregulated
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activities such as filling, dredging and hydrological modifications (e.qg., activities changing the
natural ebb and flow of the tides, such as millpond dams and tide gates). Losses were greatest
and least in the urban versus rural towns respectively. Passage of regulatory programs in 1969 in
CT and 1973 in NY has largely arrested the loss of tidal marshes. A more complete description
of the LIS marshes is found in the synthesis document entitled Tidal Marsh of Long Island
Sound (Dreyer and Niering 1995).

Salt marshes (Fig. 6) are the most productive intertidal habitats in LIS. Two major
trophic pathways occur in marshes. One is autotrophic, with phytoplankton and benthic algae at
the base and suspension feeders and surface deposit feeders, respectively, at the second level.
The other is detrital. The dominant salt marsh plants Spartina spp. are perennial, and during the
fall they withdraw nutrients from the leaves and store them in roots and rhizomes. Leaves die
back and over the winter are dislodged by ice and transported to the high intertidal. Mats of this
decaying wrack can smother existing vegetation and eventually bare patches are opened up to
new colonization (Bertness 2007). Once in the high intertidal zone, the plant detritus begins the
long process of decay aided by physical fragmentation and microbial decomposition. This
material represents the major food source for deposit feeders. Niering and Warren (1980)
estimated that the production of above ground vegetation in the marshes of Long Island and
Connecticut was about 93,000 metric tons per year.

Zonation in intertidal salt marshes is controlled by a combination of tidal flooding, salt
stress, physical disturbances (ice damage, burial by wrack), competition, and predation (Bertness
2007). The low marsh, located between mean low and mean high water, is dominated by
cordgrass (Spartina alterniflora). This salt tolerant plant forms a belt along the seaward edges of

the marsh, with the tallest forms nearest the banks. The seaward colonization of cordgrass is
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limited by the degree of tidal flooding and its landward extent by competition with other plants.
The high marsh extends from about mean high water to the highest spring tide level; this zone is
only submerged during spring tides. The dominant plant is salt hay (Spartina patens), and it is
joined by spike grass (Distichlis spicata), black grass (Juncus gerardii), and glasswort
(Salicornia spp.). These high marsh plants generally outcompete cordgrass, but they are unable
to successfully invade low marsh areas because they cannot tolerate the waterlogged soil there
(Bertness 2007). Above the high marsh is an upland area that is exposed to seawater only
during major storms. Major species in this zone include the marsh elder, lva frutescens, and the
red cedar (Juniperus virginiana). Recently, Phragmites australis has been displacing Spartina in
salt marshes. Reasons for this are not completely understood but are probably connected to
anthropogenic changes in the hydrologic cycle and nutrient inputs and the invasion of an
aggressive subspecies (Chambers et al. 1999).

Prominent animals in salt marshes include ribbed mussels (Geukensia demissa),
Ilyanassa obsoleta, and fiddler crabs (Uca pugilator and Uca pugnax). G. demissa is a
suspension feeder found in the low marsh at the roots of S. alterniflora. I. obsoleta is a deposit-
feeding snail that tends to occur in the low marsh and in mud flats adjacent to the marsh. The
two species of fiddler crabs are deposit feeders and usually occur in the low marsh. U. pugilator
is usually associated with sandy sediments and U. pugnax with muds. In addition, marshes are
important areas for a variety of fish (e.g., the killifish Fundulus heteroclitus) and provide food,
shelter, and nesting sites for birds such as herons and egrets (e.g., black-crowned night heron
(Nycticorax nycticorax) and the snowy egret Egretta thula) (Bertness 2007).

The most familiar tidal marshes are the salt marshes with their characteristic short grassy

meadows; the Wequetequock-Pawcatuck marshes of Stonington, CT have served as the
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paradigm for southern New England salt marshes (Miller and Egler 1950). Less common are the
brackish meadows and brackish reed and fresh-tidal tall reed marshes. Nearly 30% of the
Sound’s tidal wetlands are the fresh-tidal and brackish marshes of the Connecticut River and
they constitute the best examples of in the northeast and were designated as Wetlands of
International Importance under the Ramsar Convention in 1994. Details about these marshes are

described in and are described Living Resources and Habitats of the Lower Connecticut River

(Rozsa et al. 2001). Other small but noteworthy brackish marshes are the Quinnipiac,
Housatonic (CT), Stratford (CT) and Nissequoque Rivers (NY). Plant (and rare plant) diversity
is lowest in the salt marsh and highest in the fresh tidal marshes.

Tidal marshes provide extensive ecological services. Killifish (Fundulus spp.) consume
marsh invertebrates such as amphipods, isopods and snails, foraging in the marshes during high
tide and retreating to tidal creeks on the ebbing tide where they become prey for estuarine
species such as bluefish, stripers and summer flounder. Marshes are habitat for birds, including
the saltmarsh sparrow, which is considered globally vulnerable, and the seaside sparrow, which
is also a nationally-ranked conservation priority. Both species inhabit the low grassy meadows of
coastal tidal marshes. In the tall reed marshes will be found the secretive Least and American
Bitterns. On the Connecticut River, the spring freshet floods the upstream freshwater tidal
wetlands, which become natural impoundments at a time of waterfowl migration. The exemplary
submerged aquatic vegetation of the tidal creeks and coves of brackish and fresh tidal marshes

provide a refuge for migrating juvenile alewife and shad.
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6.2.7 Science Gaps and Management Implications

Surprisingly little quantitative data are available on the spatial and temporal features of
the intertidal flora and fauna, and the only shallow water data available are a small part of larger
Sound-wide studies (e.g., Reid et al. 1979). As a result, most descriptions in this section relied
on generic and/or decades old sources. It is safe to say that data and knowledge gaps on
intertidal and shallow water biotic resources are so large that an accurate, reliable
characterization cannot be made at this time. Even so, anthropogenic impacts are still clearly
evident using simple measures such as the number of invasive species present, the fraction of
marsh area lost, the amount of hardened shoreline present, or the obvious dominance of species
that are advantaged by anthropogenic disturbances. The management implications of our current
state of knowledge is that while the habitats can be identified and measured in extent, and while
we have seen human-mediated change, what we have lost, whether we can recover any of it, and
how we should proceed is largely unknown.

Virtually all of the tidal marshes have been ditched for mosquito control. Ditching in the
early part of the last century was funded by coastal municipalities. Small unditched marshes
occur but the two largest marshes are the Wheeler Wildlife Management Area in Milford, CT,
and Great Meadows in Stratford, CT. The Connecticut Department of Health Services
abandoned maintenance ditching in 1984 in favor of selective implementation of the more
environmentally sound technique known as open marsh water management. This began a coast-
wide experiment to determine how marshes might restore pool habitat and meandering tidal
creeks. The unditched tidal marsh had extensive areas of shallow pools, which were an

important habitat for shorebirds, wading birds and waterfowl.
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The Connecticut Coastal Management Act of 1980 included a policy encouraging the
restoration of degraded tidal wetlands and the Coastal Area Management Program began the
systematic restoration of degraded tidal marshes. The primary restoration technique is to restore
tidal flow by removing undersized culverts, tides gates and fill. Over 1100 acres have been
restored in CT at more than 70 locations. Tidal marsh restoration in New York was delayed for
the lack of a restoration policy. The most remarkable restoration site is Fletchers Creek at Silver
Sands State Park, Milford, CT, where tidal flow of an old municipal landfill was restored and
several elevated areas were excavated.

Long-term studies of tidal marsh restoration have shown that tidal flow restoration causes
a return of the pre-disturbance plant and animal communities. So salt marsh vegetation returns
to former salt marshes but the elevation of degraded tidal marshes is typically lower than natural
marshes. The dominant vegetation is therefore tall Spartina alterniflora and is thus a low marsh
habitat. Hurricane Carol in 1954 destroyed the tide gates (which promote drainage and peat
decomposition) at the Great Harbor Marsh (Guilford, CT), drowned the subsided marsh and
created extensive peat flats. Over the next nearly 60 years, S. alterniflora had gradually
colonized the peat flat in a downstream to upstream direction. The marsh above Great Harbor,
known as Lost Lake, is still devoid of vegetation but the culvert under State Route 146 is
undersized and impounds water in the tidal lake. High marsh has yet to return here. Elsewnhere it
has been shown (Warren et al. 2002) that marsh invertebrates return at various rates with the
slowest being the salt marsh snail (Melampus bidentatus). It took 20 years for this snail to return
to densities present at nearby natural reference marshes.

There are several non-native plant species in tidal marshes but the most notorious invader

is the tall, woody common reed (Phragmites australis). This species does not invade salt marshes
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where the soil salinity is too high. However, upland salt marsh borders in contact with
groundwater (i.e., brackish marsh communities) are a common place to find this invader. This is
also the location of a natural disturbance where the highest spring tides deposit flotsam including
the seeds and rhizome fragments of this grass. In contract, common reed colonizes the seaward
edges of brackish reed marshes for the flotsam cannot penetrate the tall vegetation. Metzler and
Rozsa (1987) surmised that common reed might be a non-native variety and that the diffuse form
found at Great Meadows in Essex, CT, was the native form. Saltonstall (2002) used DNA analysis
to demonstrate that the invasive form was from Europe and historic herbarium collections
contained several native varieties to the U.S. The variety present at the Great Meadows in Essex
has been determined to be the native variety and this may be the largest population in the
northeast.

Tidal marshes are subject to loss due to several mechanisms. In the late 1980s, the
Connecticut Coastal Management Program investigated a complaint of a dying marsh on the
Five-mile River in Darien. It is was determined that the low marshes west of New Haven
Harbor, on the north and south shore of the Sound are gradually subsiding and drowning. Over
the course of two to three decades Spartina alterniflora undergoes a gradual but progressive
stunting with the resulting habitat becoming an intertidal flat. Aerial photo and historic map
analyses by Dr. Scott Warren at Connecticut College concluded that submergence began before
the beginning of the last century. The cause of subsidence is unknown. Anisfeld and Hill
(2011) dismissed nitrogen enrichment as a cause. Subsidence may have been due to the
combination of tidal range and the acceleration of sea level rise in the mid-1800s. The most

extensive submergence marsh in the LIS region is the brackish low marsh habitat of the
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Quinnipiac River dominated by Typha latifolia (cat-tail). Several hundred acres have been lost
since the early 1970s.

A rapid loss of Spartina alterniflora along creeks and mosquito ditch banks occurred in
CT marshes beginning as late as 1999. This phenomenon has been termed sudden vegetation
dieback and is found along the seaboard of the East and Gulf Coast states (Alber et al. 2008).
The dieback is rapid, occurring in a single growing season and it is occurs simultaneously at
multiple sites. The characteristics of this dieback suggest a pathogen, and the fungus Fusarium
has been demonstrated to cause dieback in laboratory studies (EImer and Marra 2011). The
strain present in southern U.S. areas most closely matches a species from Africa and the northern
species appears to be undescribed. Studies in the Caribbean have shown that various pathogens
have been transported to the US in African dust. Dr. Wade Elmer at the Connecticut
Agricultural Experiment Station continues to investigate this phenomenon. In CT, dieback is
only associated with banks that are subject to daily tidal flooding and drainage at low tide. The
stunted Spartina on ditch plugs is an indicator of the lack of drainage and these areas are
unaffected by dieback. The discovery of root knot nematodes on Spartina is the likely cause of
stress that triggers mortality when Fusarium is present. The combination of these two organisms
is usually lethal for terrestrial crops.

The eroded edge (Miller and Egler 1950) is confined to the upland border of the salt
marsh complex and impacts the high marsh community dominated by black grass (Juncus
gerardii) and the rare coastal fen community dominated by switchgrass (Panicum virgatum). The
edge resembles a pedestrian trail but forms on a 20-year cycle, which likely coincides with the
lunar nodal or metonic cycle. Changes in the moon’s position cause the tidal range to

predictably expand and contract which lead to peat building and then peat decomposition
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407  (‘erosion’). Following erosion, “forbs” colonize the barren areas and then are replaced by
408  blackgrass (Juncus geradii) and then the erosion cycle begins. The next erosion cycle should
409  occur around 2025.

410

a1 6.3 Seagrasses and Seaweeds

412

413 6.3.1 Seagrasses

414

415 The two fully submerged estuarine vascular plants found in LIS are eelgrass (Zostera

416  marina L.) and widgeon grass (Ruppia maritima L.). Eelgrass, the dominant seagrass in LIS, was
417  once prevalent throughout the shallow coastal areas of LIS. Their Atlantic-wide die off in the
418  1930s resulted in the loss of eelgrass from much of the local area, but healthy populations were
419  reestablished in eastern LIS by the 1950s. The recovery of eelgrass in western LIS was less
420  successful and today those populations have all but vanished. Since the 1950s, eelgrass

421  populations along the Connecticut coast have suffered additional losses thought to be linked to
422  the effect of nitrogen loading on the coastal ecosystem. Additional losses are predicted to occur
423  inresponse to rising sea levels, increases in storm activity, and increasing temperatures at

424 temperate latitudes, all of which are predicted responses to climate change. Management of
425  watershed activities and use of the coastal waters have the potential to mitigate the factors

426  contributing to eelgrass decline. In addition, seagrass restoration efforts in the eastern LIS have
427  been successful, indicating improving water quality in these areas.

428
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6.3.1.1 Seagrass Ecosystem Services

Seagrass communities provide a range of ecosystem services (Hemminga and Duarte
2000; Orth et al. 2006). These communities provide foraging ground, shelter and act as a nursery
to certain species of crustaceans, fish and mollusks (Beck et al. 2001; Heck Jr. et al. 2003; Orth
et al. 2006). Seagrasses are considered ecosystem engineers; they change their environment,
often to their own benefit (Bouma et al. 2005; Boer 2007). These changes include trapping of
sediment resulting in increased water clarity (Bos et al. 2007). Additionally, these communities
are effective at nutrient transformation, including substantial carbon sequestration in the
sediment (Duarte et al. 2005; Romero et al. 2005; McGlathery et al. 2007). The major threats to
seagrass communities are from human modification of the environment, specifically cultural
eutrophication of coastal waters due to increased anthropogenic nutrient inputs (Short and
Burdick 1996; Hauxwell et al. 2003; Orth et al. 2006; McGlathery et al. 2007; Waycott et al.
2009). Additional stressors to seagrasses include physical disturbance (boating, commercial
fishing), disease and global climate change (Rasmussen 1977; Short et al. 1987; Walker et al.
1989; Short and Neckles 1999; Neckles et al. 2005). Seagrass communities are considered by
some to be one of the most threatened habitats on the planet, but are often overlooked by the

general public (Orth et al. 2006; Waycott et al. 2009).

6.3.1.2 Overview of Habitat Requirements

While many factors affect the success of seagrasses in the environment, light, nutrients
and temperature influence these plants the most (Dennison et al. 1993; Lee et al. 2007). The

distribution of Zostera marina and Ruppia maritima in coastal waters is also influenced by
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salinity, with Z. marina occurring in a more characteristically marine environment and R.
maritima found in estuarine and freshwater areas (McRoy and McMillan 1977; Short et al.
2007).

Light is generally recognized as the limiting factor to which Zostera marina is most
sensitive, having a high light requirement relative to macroalgae and phytoplankton (Dennison et
al. 1993; Duarte 1995; Longstaff and Dennison 1999; Moore and Wetzel 2000; Hauxwell et al.
2003; Lee et al. 2007). Minimum light requirements of Z. marina range from 4% to 44% of
surface irradiance, as amassed from review articles (Duarte 1991; Dennison et al. 1993; Batiuk et
al. 2000) and experimental results (Dennison and Alberte 1985; Orth and Moore 1988; Olesen
and Sand-Jensen 1993; Koch and Beer 1996). Minimum requirements determined for USA east
coast populations range between 15% and 35% of surface irradiance, with studies specific to LIS
and Massachusetts also falling within this same range (Dennison and Alberte 1985; Moore 1991,
Koch and Beer 1996). The minimum light requirement is influenced by local conditions,
including temperature, sediment and water column oxygen concentration, and sedimentary
conditions (organic matter content and sulfide concentration). Under adverse conditions, the
plants require more light. For example, temperature increases result in greater increases in
respiratory rates relative to the concomitant increases in photosynthetic rates (Dennison 1987;
Lee et al. 2007). In turn, the minimum light requirement is greater under higher temperatures to
support productivity sufficient to meet the respiratory demands (Staehr and Borum 2011).

While the minimum light requirement varies with habitat conditions, a conservative
estimate can be used to define a maximum depth limit for seagrass beds, based on the light
attenuation coefficient (Ky) of the water. For areas with a relatively clear water column, eelgrass

will colonize to deeper depths, while more turbid waters will restrict the eelgrass to shallower
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areas, which have sufficient light reaching the bottom to maintain the plants. The maximum
depth limit under relatively ideal light conditions was calculated for LIS using the Lambert-Beer
equation, following the method of Batiuk et al. (2000) for Chesapeake Bay. The maximum depth
(z) was calculated using a minimum light requirement of 22% of surface irradiance (I./lp) and a

Kqof 0.7 m™:

In G_z) _ In(022)

= 2.16
= 07 2.16m

zZ =

Under current water quality conditions, the maximum depth limit for eelgrass in western LIS will
be considerably shallower, given the greater light attenuation coefficients in the west. Values for
Kgq in eastern LIS are typically around 0.5 m™, yielding a predicted maximum depth of 3.1 m. In
western LIS, Kgq is closer to 1 m™, yielding a predicted maximum depth of 1.5 m, with an
extreme of K4 reaching 4.4 m™ (Koch and Beer 1996). The maximum distribution depth is
further influenced by the tidal range (Koch and Beer 1996). In areas with higher tidal ranges, the
light available at the bottom will be reduced at high tide relative to areas with lower tidal ranges,
due to the greater amount of water through which the light must travel. Tidal ranges in LIS
increase to the west, ranging from ~0.6 m in the east to ~2.5 m in the west. So, in reality, the
maximum depth will be shallower in western LIS, given the greater tidal range and increased Kg.
Geographic distribution of eelgrass is also constrained by a minimum depth requirement
and an apparent requirement for a minimum depth span between the shallow and deep edge of
the bed. While some eelgrass is found in intertidal areas, eelgrass in LIS seems to require a
minimum depth equivalent to half of the spring tidal range (Koch and Beer 1996), ranging from
0.5 m in eastern LIS to 1.25 m in western LIS. In addition to the minimum and maximum depth

restrictions, modeling of depth distributions in LIS indicates these populations requirea 1 m
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498  depth difference between the shallow and deep edge of the bed (Koch and Beer 1996). This

499  vertical depth distribution requirement protects a bed from storm scour. Theoretically, the deep
500 edge of the bed will be more resistant to storm scour, as the wave energy is attenuated with

501 depth, thus providing a source population for recolonization of damaged areas. Under current Kq4
502 conditions, which serve to restrict the deep edge of the distribution, eelgrass is unlikely to

503  survive in western LIS and is marginal in central LIS. These predictions match the current

504  distribution of eelgrass (Fig. 7).

505 Nutrient limitation of eelgrass in natural environments is unlikely to occur as the plants
506  have relatively low N and P requirements and have access to the nutrients in sediments via their
507  root and rhizome network (Zimmerman et al. 1987; Lee et al. 2007). While sediment contains
508  considerably richer concentrations of nutrients, assimilation of nutrients by leaves and roots can
509 be nearly equal, with slightly more nutrients being assimilated by the roots (Lee et al. 2007).
510  However, excess nutrients stimulate the growth of phytoplankton and macroalgae, both of which
511  require considerably more nutrients than seagrass (Bintz et al. 2003; Hauxwell et al. 2003). Both
512  phytoplankton and macroalgae have faster uptake rates of dissolved inorganic nitrogen and faster
513  growth rates than seagrass (Duarte 1995). Thus the requirement for high light by seagrass also
514  necessitates low nutrients in the water, or phytoplankton and macroalgae would flourish and

515  shade the seagrass.

516 Zostera marina exhibits an optimal temperature range for growth with a worldwide

517  average of 15.3°C + 1.6°C and an optimal range for photosynthesis of 23.3°C + 2.5°C (Lee et al.
518 2007). Above these ranges, the growth and photosynthetic capacity of Z. marina is reduced. In
519 the shallow sub-embayments of LIS, summer temperatures often exceed 25°C and may be

520  detrimental to its success, inhibiting growth and possibly photosynthesis. Inhibition may result
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from thermal disruption of metabolic processes or from an increase in the minimum light
requirement necessary to compensate for increasing respiratory demands (Staehr and Borum
2011). The higher mid-summer temperatures in LIS and its embayments lead to a bimodal
growth pattern during the growing season of most years, with best growth in the spring and fall
and inhibition in the warm summer months (Olesen and Sand-Jensen 1993; Moore et al. 1996;
Bintz et al. 2003; Keser et al. 2003; Yarish et al. 2006). During the winter, production is almost

nonexistent for Z. marina in LIS (Yarish et al. 2006).

6.3.1.3 Historical and Current Distribution

Zostera marina was common throughout LIS, within appropriate habitats, prior to 1930s.
By the summer of 1931, most of the Z. marina ranging from North Carolina to New England and
in much of the Atlantic had been wiped out by the wasting disease, attributed to the slime mold
Labyrinthula zosterae (Short et al. 1987). Only an estimated 1% of the North Atlantic population
remained, occurring primarily in the low salinity waters of upper estuarine areas (Cottam 1933).
The eastern portion of LIS experienced a recovery by the 1950s, while recovery in western LIS
was spotty and eventually failed (see references cited in: Rozsa 1994; Keser et al. 2003; Yarish
et al. 2006; Johnson et al. 2007). In the 1990s, Clinton Harbor was the western-most location
supporting Z. marina (Yarish et al. 2006).

As part of the U.S. Fish and Wildlife Service’s National Wetland Inventory Program,
aerial surveys of eelgrass extent in LIS were conducted in 2002, 2006, and 2009 (Tiner et al.
2003, 2007; Tiner et al. 2010). These surveys were initiated with support from the Long Island
Sound Study of the U. S. Environmental Protection Agency (EPA) and The State of

Connecticut’s Office of Long Island Sound Programs within the CT Department of Energy and
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the Environmental Protection (CTDEEP) (2002 and 2006 surveys). Continued support comes
primarily from the Long Island Sound Study (2009 survey). These surveys indicate the majority
of eelgrass acreage is found east of Rocky Neck State Park in Connecticut, and around Fisher’s
Island and Orient Point in New York (Fig. 7; Tiner et al. 2010, Pickerell unpublished data). A
few beds still exist west of these locales. As of 2011, two small beds (2.6 ha total) of eelgrass
were extant in the bight between Clinton Harbor and Westbrook Harbor associated with the
Duck Island breakwater and a very small patch near the mouth of Clinton Harbor (Tiner et al.
2010; Vaudrey and Yarish unpublished data). Three beds (10 ha total) were identified along the
North Shore of Long Island, but both the naturally occurring small patches and the restored areas
at two locations were not identified as part of the aerial survey (Tiner et al. 2010; Pickerell
unpublished data).

Aerial surveys of LIS are a critical tool for evaluating the long-term stability of eelgrass
beds. Tiner et al. (2010) provide an analysis of the change in coverage of eelgrass among the
three aerial surveys. At this point, the variability in bed area among the three surveys likely
reflects interannual variability, a response to climatic and physical factors. The time series is not
yet sufficiently long enough to detect long-term trends in eelgrass expansion or contraction. For
example, the loss noted by the aerial surveys of 4.45 ha in Mumford Cove (Groton, CT) between
2002 and 2006 reflects the shifting of a sand bar in 20086, just prior to the survey. This shift
resulted in the smothering of eelgrass in the southeastern portion of Mumford Cove. By the
following year, eelgrass was once again growing in the denuded area (J. Vaudrey, unpublished
data) and was reflected in the 2.8 ha increase noted between 2006 and 2009 surveys (Tiner et al.
2010). These small variations are in contrast to the longer history of eelgrass in Mumford Cove.

Beginning in 1946, a wastewater treatment facility discharged effluent into the head of the Cove,
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from Fort Hill Brook (Vaudrey et al. 2010). Nutrient inputs increased until the outflow was
relocated to the Thames River in October 1987. Water column nutrient concentrations decreased
rapidly and by the following year, the recurring massive blooms of the green macroalga Ulva
lactuca L. had disappeared. Recolonization of the Cove by eelgrass occurred slowly over the
subsequent 15 years and has been relatively stable at ~20 ha since 2002 (Tiner et al. 2010;

Vaudrey et al. 2010).

6.3.1.4 Linking Water Quality Parameters and Watershed Activities to
Seagrass Distribution

Much of the research defining habitat requirement criteria for Zostera marina was
conducted in the Chesapeake Bay area. Adequate light availability was identified as the most
important criterion for seagrass with a number of secondary criteria and habitat constraints also
playing a role in the presence or absence of Z. marina in a given area (Batiuk et al. 1992;
Dennison et al. 1993). In the mid-1990s, Yarish et al. (2006) conducted a two-year study, in part
to examine the habitat requirements for Z. marina in LIS. Ten years later, their suggested
guidelines were applied to three case study sites to further evaluate suitability of the defined
criteria in seagrass management along the Connecticut coastline (Vaudrey 2008a, 2008b).
Results of these analyses suggest LIS seagrass requires more conservative standards, erring
towards clearer water with less nutrient input relative to Chesapeake Bay (Table 1). Even more
conservative standards are required when trying to establish a new bed in a site without eelgrass.

These studies verified the choice of habitat criteria limits by comparing field data for the
parameters to the extant populations. For example, light attenuation coefficients in three eelgrass

sites were compared to suggested criteria (Fig. 8). Eelgrass populations in Niantic River and at
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Bushy Point are still viable, while the bed surveyed in Clinton Harbor between 1993 and 1995
has now disappeared (Yarish et al. 2006; Kremer et al. 2008). While the Clinton Harbor bed
surveyed in the 1990s is gone, a small bed of eelgrass has been located in an area < 0.5 km away
(Vaudrey and Yarish, unpublished data). Higher light attenuation coefficients, as seen in the

Clinton site, may indicate eelgrass populations existing under stressful conditions (Fig. 8).

6.2.1.5 Current Trends in Seagrass Management

Management strategies in recent history have been shifting towards establishing criteria
that are protective of key indicator species such as seagrass (Lewis 111 et al. 1998; Orth et al.
2002; Greening and Janicki 2006; Steward and Green 2007; Wazniak et al. 2007). Seagrass
ecosystems have been described as “coastal canaries”, with the implication that loss of seagrass
is a sign of degradation with associated loss of important ecosystem services (Orth et al. 2006).
The benefit of managing for an indicator species (or habitats) versus setting a goal for a single
parameter is the possibility of the inclusion of many factors that influence coastal waters, thus
reflecting the diverse and complex interactions of these coastal communities. While many factors
contribute to the success of seagrass, anthropogenic nitrogen delivered from watersheds has been
identified as detrimental to seagrass. Latimer and Rego (2010) evaluated nitrogen load in relation
to eelgrass extent in 62 Southern New England embayments, six in LIS. Results matched similar
approaches applied to various seagrass species in embayments in CT, MA, FL, Australia and
England (Short and Burdick 1996; Valiela and Cole 2002; Hauxwell et al. 2003; Steward and
Green 2007; Vaudrey 2008b). Nitrogen loads below 50 kg N ha™ y™* were considered protective

of eelgrass habitats, with variability in eelgrass extent attributable to other influencing factors.
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Above 50 kg N ha™* y?, eelgrass coverage was reduced and a complete loss of seagrass typically
occurs above N loadings of 100 kg N ha™ y™* (Latimer and Rego 2010).

Connecticut’s coastal management act (1980) does identify eelgrass as a coastal resource.
Since the act provides protections to coastal resources and eelgrass is defined as a coastal
resource, eelgrass is protected under that category. DEEP does consider eelgrass when
reviewing and authorizing activities, such as dredging and construction of piers and docks.
However, water quality criteria specific to eelgrass have not been adopted. While protections
specific to seagrasses have not been adopted in Connecticut, but the potential adverse effect of
land-derived nutrients on eelgrass communities has been recognized. Connecticut’s management
of nutrients in estuaries focuses on nitrogen reductions through the Long Island Sound Total
Maximum Daily Load Analysis for dissolved oxygen (CTDEP / NYSDEC 2000). CTDEEP
manages a number of nonpoint and point source programs designed to reduce nitrogen loadings
to LIS. In addition to these programs and in order to more cost effectively achieve nitrogen
reductions at wastewater treatment facilities, Connecticut implemented a nitrogen credit
exchange (NCE) in 2002 (www.ct.gov/dep/nitrogencontrol). This approach has resulted in
attainment of an aggregate nitrogen reduction limit from 79 wastewater treatment facilities
located throughout the State. Further site-specific nitrogen reductions may be warranted to
protect eelgrass via the restoration and maintenance of eelgrass habitat. CTDEEP continues to
support the collection of information to further the scientific understanding regarding eelgrass
habitat requirements and the impact of watershed loading on such requirements. CTDEEP will
consider guidelines or standards as appropriate information becomes available.

As in Connecticut, protection of seagrasses in New York is somewhat limited in that

there are no explicit protections afforded to eelgrass or widgeon grass. In order to address this
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deficiency, The New York State Legislature passed a law supporting creation of a Seagrass,
Research, Monitoring and Restoration Task Force in 2006. The Task Force was charged with
developing recommendations on elements of a seagrass management plan with the goal of
preserving, restoring and mapping the native seagrass populations on Long Island. Additionally,
the group was charged with recommending means of action that would bring about a lasting
restoration of finfish, shellfish, crustaceans and waterfowl compatible with an improved quality
of life and economic growth for the region (NYS Seagrass Task Force, 2009).

In response to the findings of the Seagrass Task Force (NYS Seagrass Task Force, 2009),
members of the New York State Legislature drafted a bill to protect seagrasses in New York
State waters in 2010. In June of 2010, the New York State Senate and Assembly passed the
“Seagrass Protection Act”. Although there was no specific language as to how to achieve the
proposed goals set forth in this bill, in principle it called for: (1) restrictions in the types of
mechanically powered fishing gear used in seagrass meadows, (2) identifying pesticides and
chemicals harmful to seagrasses and restricting their use near seagrasses, (3) restrictions on
applying fertilizer containing phosphorus after November first and before April, and (4)
development and adoption of seagrass management protective of both selected seagrass beds and
traditional recreational activities. Some constituent communities expressed concerns about
language within the bill and for this reason, the Governor did not sign the original bill and the
law was never enacted. In 2011, a revised version of the bill was submitted to the House and

Senate for a vote. As of July 2011, deliberation and voting on the bill had not yet commenced.
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6.2.1.6 Restoration Efforts

The first documented eelgrass restoration attempts in the region were conducted in
response to the catastrophic losses witnessed following the wasting disease outbreak of 1931 and
1932 (Cottam 1933). In what may be the first attempt to restore seagrass in the USA, eelgrass
was transplanted at sites along the north mid Atlantic coast from Virginia to Massachusetts by
the US Department of Agriculture, Bureau of Biological Survey and others during 1935 and
1936 (Lynch and Cottam 1937). As part of this effort “Pacific broad-leaved plants” collected in
Friday Harbor, Washington and “Atlantic eelgrass” from Pungoteague Creek, Virginia and
Mecox Bay, New York, were planted near Jones Beach, New York and in Great South Bay, New
York in approximately 1 m? plots (Lynch and Cottam 1937). Additional work, although not well
described in the available references, also involved the first documented use of seeds as a
planting method for eelgrass. It appears that most of this work was unsuccessful, but it points to
the fact that as early as the mid 1930s restoration was considered a worthwhile management tool.

Addy and Johnson (1947) reported on the results of several transplant attempts in
Connecticut using eelgrass collected from a meadow in Niantic Harbor. Of the sites planted,
Black Hall River (Old Lyme) and Hotchkiss Grove Beach (Branford) were reported as being
“successful” while the Patagausett Cove (East Lyme) and Norwalk River (Norwalk) were not
checked and failed, respectively. The only attempt made on Long Island, within Huntington
Harbor, also failed. It was reported that wasting disease might have played a part in the demise
of the Huntington Harbor transplants. By 1953 only the Hotchkiss Grove site still supported
eelgrass and there is reason to believe that this same planting may have survived at least until
~1955. In 1955 and 1956 an additional planting was undertaken at the same site to either

supplement what was already there or replace what had been lost. Anecdotal information
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indicates the planting of eelgrass in the Hotchkiss Grove site may have continued annually for
thirty years (Rozsa 1994). The presence of this bed was confirmed in 1982 by staff of the
National Marine Fisheries Service (Rozsa 1994). A subsequent survey by Yarish et al. (2006)
from 1993 through 1995 did not locate this bed. However, the existence of live eelgrass at this
site during 2010, and the lack of any proof of recent plantings, leads the authors to believe the
plantings from the late 1940s, or at least the mid 1950s, may have persisted to this day (Vaudrey,
pers. obs.).

Although there were several attempts to plant and restore eelgrass to NY waters in Peconic
Estuary (PE) and the South Shore Estuary Reserve (SSER) beginning in the late 1970s and
continuing in the 1990s, work in LIS did not begin until after 2000 (Churchill et al. 1978,
Pickerell et al. 2007). In 2003, Cornell Cooperative Extension of Suffolk County (CCE) began
test plantings in LIS near East Marion, NY. This work followed soon after discovery of healthy
eelgrass meadows along the high-energy open coast on the east end of Long Island near Petty’s
Bight (East Marion, NY) and Orient Point (Orient, NY). Detailed observations of these meadows
lead to a better understanding of the type of habitats that were suited for the growth of eelgrass in
LIS. Unexpectedly, these meadows appear to thrive in wave-swept and often high current areas
in very coarse sediment composed of sand and gravel with large numbers of rocks and boulders.
This extreme physical environment was a complete shift from the meadows known to exist
historically throughout the PE and SSER, most of which occurred in fine-sediment dominated
bottoms of protected bays, harbors and creeks. With this information, CCE staff set out to locate
and screen suitable sites for eelgrass restoration potential along Long Island’s North Fork from

Mattituck Inlet east to East Marion.
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Using the reference meadows as a cue, the first pilot planting sites were chosen based on
the conditions described above as well as their proximity to the eastern side of north facing
points along the north fork: Terry’s Point (Orient) and St. Thomas Point (Southold). This
leeward location provided partial protection from northwest winds, the direction from which the
most consistent and extreme fall and winter winds typically originate. This was important given
that plantings were undertaken in the fall and shoots would not have time to root before the
windy season began. Pilot-scale (i.e., several hundred shoots) plantings at both sites in 2003
resulted in healthy and expanding patches. Following this success, additional plantings were
added during the second and third years at St. Thomas Point to create a very large and stable
meadow (Fig. 9).

Additional projects were initiated to continue plantings further into LIS as far west as
Lloyd’s Neck (Huntington) and as far east as Plum Island (Southold) and Great Gull Island
(Southold). The western plantings were intended to push the limits of eelgrass survival in the
Sound and to test the interaction of planting depth, water clarity and tidal amplitude described by
Koch and Beer (1996). Plantings at Lloyd’s Neck were only partially successful and survival
was limited to a very narrow band ~1m below MLLW. During the second growing season these
otherwise healthy shoots were lost to erosion and it is not clear whether eelgrass can survive this
far west in LIS based on water quality and tidal ranges.

At the time of this writing, the oldest restoration site on the north shore of Long Island
has persisted for eight years. In total, eight successful planting sites run from Horton’s Point
(Southold) in the west to Great Gull Island (Southold) in the east and more work is underway to
identify new planting sites and expand on the patches that have been created. Shoot densities at

the oldest restoration sites compare favorably with reference sites and in fact, densities in
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portions of the restored meadows exceed the mean densities in the densest parts of the reference
sites (Pickerell, pers. obs.) In July of 2011, within patch shoot densities at the Petty’s Bight
(East Marion) reference meadow were 513 + 22 m™ (mean + standard error) while those at St.
Thomas and Terry’s Point were 401 + 20 m™ and 811m™ + 60 m™, respectively. In an attempt to
apply the experience gained in NY to the CT coast, the latest round of restoration work applies

methods used in NY waters to similar areas along the CT coast (Pickerell and Vaudrey 2010).

6.2.1.7 Science Gaps and Management Implications

In order to address the lack of estuary specific habitat criteria data for eelgrass in LIS, the
New England Interstate Water Pollution Control Commission (NEIWPCC), with funding
provided by US EPA is sponsoring a new research effort to develop a GIS-based model that will
include those factors generally considered to be limiting to the growth of eelgrass in LIS
(Pickerell et al. 2011). This project will: identify and map areas where eelgrass natural
recruitment and/or restoration is possible; identify areas where restoration may be possible if
water quality or other parameters improve; identify parameters limiting to eelgrass natural
recruitment and/or restoration in areas determined to be unsuitable by the GIS model; and
identity areas where eelgrass may colonize in response to sea level rise. This work is a
collaborative effort between Cornell Cooperative Extension of Suffolk County, University of
Connecticut and National Oceanic and Atmospheric Administration scientists and involves
several of the authors of this chapter (Pickerell et al. 2011).

Seagrass beds constitute a vibrant and important community in LIS, providing habitat and
food to a host of commercially and ecologically important species and serving as sinks for

nutrients and suspended solids. Their presence indicates a desirable state of water quality, as the
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plants are adversely affected by high nutrient concentrations in the water column and the
resulting issues often associated with high nitrogen inputs (e.g. algae blooms, hypoxia). The
greatest threats to seagrasses in LIS have anthropogenic sources: cultural eutrophication and
climate change. Continued monitoring of seagrass areal extent, density and metabolic parameters
is key to understanding and predicting the response of seagrasses to a changing environment.
Critical gaps in knowledge include an assessment of the current responses of LIS seagrass
communities to locally occurring stresses (e.g. nutrients, temperature), and widespread data from
LIS on the suitability of habitats for the support of eelgrass. An identification of seagrass
communities exhibiting signs of stress would aid in focusing attention on locales most in need of
management actions (e.g. nutrient load reductions, sediment load reductions, etc.). Habitat
assessments could identify areas of LIS suitable for eelgrass restoration efforts. A combination of
further research into metabolic responses of seagrass to stressors, appropriate management
actions in coastal waters and watersheds, and continued restoration efforts will serve to preserve

and perhaps expand the extent of eelgrass in LIS.

6.3.2 Seaweeds

LIS supports a very rich and diverse algal flora, with an estimated 250 species (Van
Patten 2006; Schneider et al. 1979; J. Foertch, pers. comm. 2005). With a few exceptions, they
are benthic, sessile species during the adult life stages, and inhabit the supralittoral, upper littoral,
eulittoral, sublittoral, and subtidal zones on rocky shores of LIS. These algae have many diverse
shapes and sizes; while some are perennial year-round residents, others may be annual or
ephemeral. As is the case with most algae, species tend to have a highly “plastic morphology”,

readily changing shape and color in response to environmental conditions such as light,
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776  temperature, photoperiod, substrate, wave action, and other parameters (Lobban and Harrison
777 1994; Lining 1990).

778

779  6.3.2.1 Seasonal Cycles — Abundance and Biomass
780

781 The geographic location and orientation of LIS is such that it hosts an interesting and
782  possibly unique assemblage of both cold- and warm-temperature tolerant species. Some of the
783  Arctic-cold-to-temperate Atlantic assemblage includes species that originated in the Pacific and
784  traveled to the Atlantic during Paleo-migration (Lining 1990). There are also cold species that
785  migrated south from Labrador and Greenland via the North Atlantic Boreal Current. These

786  species tend to thrive in late fall, winter, and early spring. Using genetic analysis, Hu et al.

787  (2010) postulated a trans-Atlantic repopulation of Chondrus crispus from localized refugia in
788  Europe to North America following the Pleistocene glacial maximum, noting that its southern
789  range seems to coincide with the 17°C isotherm described in Liining (1990).

790 Saccharina latissima and Saccharina longicruris (kelp) are among the largest macroalgae
791  species in the North Atlantic, and are key species supporting benthic communities. They are

792  good examples of cold-water species at or near the southern limit of their biogeographic range.
793  While these species are perennial in more northern locales, they are biennial in LIS. Late fall,
794  winter, and spring are the best growth seasons; spring and fall are optimal for reproduction; and
795 in the summer, abundance decreases as the water heats up, with blades degenerating in August
796  (Egan and Yarish 1990; Egan and Yarish 1988; Van Patten and Yarish 1993; Yarish et al. 1980).
797 During the summer many warm temperate Atlantic species and even subtropical species
798  appear, some of which may be endemic and others that travel north via the Gulf Stream.

799  Subtidal examples include Gracilaria tikvahiae, several Ceramium spp., and Champia parvula.
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In addition, there are of course a few invasive species from recent events (e.g. Grateloupia
turutura, Gracilaria vermiculophylla, Porphyra yezoensis). The intertidal components of the
Sound’s marine flora are generally hardy perennial organisms which have adapted to extremes of
temperature and light, particularly Fucus vesiculosus and Ascophyllum nodosum, which can be
found year-round. Ulva lactuca (sea lettuce) can be found for most of the year in the upper
littoral zone, but may bleach in very sunny weather (e.g., Pederson et al. 2008).

There are also several perrenating species which use two distinct morphologies as a way
to cope with the extreme seasonal temperature ranges in LIS; for example, Scytosiphon
lomentaria (“sausage weed”). This species puts out erect branching when temperature conditions

are favorable, and becomes a small discoid crust when they are not (Lobban and Harrison 1994).

6.3.2.2 Distribution and Abundance

In general, the presence of macroalgae in LIS, like all photosynthetic organisms, is
determined largely by the quantity and quality of light (e.g., Dring et al. 2001; Dring 1992) and
thus is to be found in the photic zone; naturally requirements vary for individual species. In most
estuaries, the successful species tend to be both euryhaline and eurythermic (Lee 1989). Wave
action is also a significant factor in determining what grows where, and individual tolerances
vary.

The historical, and also the current, challenge has been to establish what species are in
LIS, in order to know how they may be interacting and changing. Initially, most work on the
LIS macroalgae was taxonomic, with the intent of establishing a baseline of what species
inhabited the estuary. Schneider et al. (1979) developed an annotated checklist of Connecticut

seaweeds in 1979 for the Connecticut Geological and Natural History Survey. This is probably
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the last complete survey performed for LIS, although Dominion Nuclear’s Millstone
Environmental Lab has done extensive continuous monitoring and surveying for the Eastern
Connecticut shore of the Sound for the past three decades (e.g., Keser et al. 2010; Foertch et al.
2009). A University of Connecticut digital algal herbarium with many LIS specimens is

available online at http://www.algae.uconn.edu.

Many macroalgae begin life as microscopic propagules in the water column that require
hard benthic surfaces to settle on. Therefore the majority of species are found on rocky shores or
where glacial cobble and till have accumulated. There are exceptions, such as some species that
colonize mud flats and marshes (e.g. Polysiphonia subtilissima), or float (e.g. Sargassum
fluitans). Algae tend to form distinctive bands or zones and develop specific morphological
adaptations to cope with life on rocks, battered by wind and waves. These may include gripping
structures, such as a holdfast, a crustose form, alternate life forms depending on seasons or
conditions, and phycocolloids that act as both anti-desiccants and “’glue”.

Temperature, light and day length are primary factors controlling both distribution and
productivity of seaweeds in LIS (Lee and Brinkhuis 1988; Brinkhuis et al. 1983; Yarish et al.
1984, 1986, 1987). Light intensity and wavelength are important for growth and reproduction.
While individual species tolerances vary, the macroalgae can be grouped by the dominant
photosynthetic pigments in their tissues, which accounts for the typical zonation of blue-green,
green, brown and red algae as water depth increases. Light intensity decreases exponentially with
depth, so macroalgae are constrained within the photic zone. Within the photic zone,
temperature is generally the controlling factor for both intertidal and sublittoral distributions of
algae in LIS (e.g. Yarish et al. 1984; Liining 1990; Pedersen et al. 2008); other factors include

exposure, nutrient availability, competition for substrate, and predation (Pedersen et al. 2008).
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Few, if any, comprehensive studies of algal abundance and biomass for the entire LIS
have been performed. Brinkhuis and colleagues examined 5 of the most common species in
LIS-Laminaria saccharina (now Saccharina longicruris), Gracilaria tikvahiae, Agardhiella
subulata, Codium fragile, and Fucus vesiculosus—for their potential as biofuels (Brinkhuis et al.
1982, 1983). Egan and Yarish (1988) described the geographic distribution of kelp on a large
geographic scale, noting except for an outlier deep-water population of the coast of New Jersey,
LIS is the southern limit for the species. Two species of Saccharina exist in LIS; one with a flat
blade and long, hollow stipe (S. longricruris) and the other with a short, solid stipe and ruffled
blade margins (S. latissima). Populations of Laminaria saccharina (now S. longicruris and S.
latissima) were found at Black Ledge (Groton, CT) along the eastern Connecticut shore, and
Cove Island, off Stamford Connecticut, and at several locations, such as Crane Neck and Eaton
Neck, along the north shore of Long Island, and Montauk Point (Brinkhuis 1983; Egan et al.
1988, and others). Horsetail kelp, Laminaria digitata, was found at Montauk Point, New York
and along the north shore of LIS from Groton, CT, and west to the Thimble Islands, Branford,
Connecticut (Egan and Yarish 1988).

Most authors (e.g. Pederson et al. 2008) agree that for most of the year, the dominant
algal species in LIS are: Ulva spp. (both tubular and sheet forming species) and Blidingia
minima species in the upper littoral zone, Fucoids, particularly Fucus vesiculosus, in the mid-
littoral, and Chondrus crispus in the infra-littoral and sublittoral. In a Cove Island study
(Pederson et al. 2008), the invasive species Codium fragile periodically increased in abundance
above the infra-littoral zone. Kelp were rarely recorded there. These authors also noted several
species of Porphyra in the intertidal zone, but they were difficult to distinguish genetically and

documenting the abundance was problematic for this genus, because of its morphology and
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epiphytic habit. Kim et al. (2009) noted that while most Porphyras occur seasonally, one,
Porphyra umbilicalis, occurs year-round in the eulittoral zone. This species is the most abundant
of the many Porphyra species in LIS (Yarish et al. 1998; Broom et al. 2002; Klein et al. 2003;
He and Yarish 2006; Neefus et al. 2008). In the summer, these key species are still present, and
Scytosiphon lomentaria, Ceramium virgatum and rubrum, and Champia parvula emerge. Few
kelp are found below 5m depth (Egan and Yarish 1988; Yarish et al. 1990).

Eastern LIS monitoring by Dominion’s Millstone Environmental Laboratory has been
invaluable for demonstrating species diversity and abundance in areas both impacted and not
impacted by the nuclear power plant’s thermal plume. Recently use of multivariate analyses on
the data has shed light on complex interactions at these monitored areas. The decline of
Chondrus and Fucus in 1983, for example, with simultaneous increase in Codium fragile, has
been correlated to the second cut for plume outflow made at Millstone. Subsequent recovery of
Fucus has also been documented, and the post-Chondrus dominance of multiple species of red
algae such as Gelidium, Polysiphonia, Corallina, and Hypnea has been correlated in Waterford
to the addition of Dominion’s Unit 3 (Foertch et al. 2009). This finding may provide insights
into the potential effects of warming waters expected in the next decade and beyond (Keser et al.
2010).

Gerard (1995) observed shallow, hard-bottom algal communities at Crane Neck Point in
central LIS and reported continuous dominance by ecologically and economically important
species from 1983 to 1991. Chondrus crispus, called the “major groundcover”, dominated the
infralittoral to subtidal rock, with Laminaria saccharina (now known as Saccharina latissima)
forming a canopy above it. She reported a dramatic change in community structure at this

location in 1991, when kelp all but disappeared and Chondrus became sparse. Several species of
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finely branched red algae, i.e. Cystoclonium purpurea and Phyllophora pseudoceranoides,
replaced Chondrus. Punctaria latifolia (a brown alga that resembles juvenile kelp blades),
increased in abundance. This phenomenon lasted for about two years, after which Chondrus
returned but kelp continued to be absent. The cause of the shift in species composition was
arbitrarily attributed to a warm summer in 1991 and storm damage. This change was observed at
other locations along the North Shore (Gerard 1995), while the Connecticut shore kelp seemed to
be unaffected. Ecotypic differentiation in temperature tolerance in these populations might
account for this phenomenon (Egan et al. 1990). Interestingly, Yarish et al. (1990) noted that
sporophytes of Laminaria (=Saccharina) in western LIS, which routinely experienced warmer
temperatures than eastern LIS kelp, did not exhibit greater survival at warm temperatures (20°C).
However, there is evidence of genotypic differentiation of populations from the southern range
of the distribution and those from mid range populations (Neefus et al. 1993). Saccharina
latissima from LIS is exposed to higher summer temperatures and high nutrient regimes, and can
tolerate more heat stress than the mid range type (Gerard and Du Bois 1988; Gerard et al. 1987).
Meiospore germination and gametophyte growth at the southern boundary in LIS has been
successful in July at temperatures as high as 25°C. Optimal growth temperatures for
gametophytes shift from 10-15°C in March to 15-20°C in July, exhibiting patterns of seasonal
temperature acclimation. Optimal growth of young sporophytes for the species is 10-15°C all
year, but sporophytes from LIS have been found to survive up to 20°C for all months except
January (Egan et al. 1989; Lee and Brinkhuis 1988; Egan et al. 1990). The survival of plants in
LIS at higher temperatures is attributed to the ability to accumulate and store higher levels of
nitrogen in their tissues. The additional nitrogen reserve bolsters the photosynthetic apparatus

and possibly contributes to production of protective heat shock proteins (Gerard 1997).

39



916

917

918

919

920

921

922

923

924

925

926

927
928

929

930

931

932

933

934

935

936

937

938

939

chapter 6 text 052212.docx

Of course, temperature is not always the primary factor affecting distribution. Kim et al.
(2008, 2009), in studies of Porphya species at different tidal elevations, found a correlation
between nitrate uptake (which may be enhanced by desiccation) and vertical distribution
patterns.

So far this discussion has focused on hard-bottom algae, but there are estuarine soft-
bottom species such as Polysiphonia subtilissima, Bostrichyia radicans, Caloglossa leprieurii
and Neosiphonia harveyi that commonly grow at the base of Spartina alterniflora in shallow
embayments, salt marshes and muddy areas of LIS. These epiphytic, finely branched
rhodophytes use the marsh vegetation for support and shade (Yarish and Edwards 1982; Yarish

and Baillie 1989).

6.3.2.3 Productivity

No comprehensive quantitative assessment has been made to our knowledge of the
overall productivity of LIS macroalgae, but some studies estimated productivity via measuring
biomass at specific sites. Field and laboratory studies by Egan and Yarish (1990) show that
Laminaria/Saccharina kelp is the most productive of the LIS macroalgae due to large size and
rapid growth. At Flax Pond on the north shore of Long Island, Brinkhuis (1983) found that salt
marsh Ascophyllum produced about 600 g (dry wt) m? y™.

A Gas Research Institute and General Electric-sponsored biofuel study (Brinkhuis et al.
1983) involved growing five common LIS species in culture and comparing biomass and growth
rates. This resulted in the recommendation of Laminaria saccharina (now Saccharina latissima),
as a biomass candidate. This was primarily due to its superior growth and productivity during

the winter months. Gracilaria tikvahiae, a warm water species, was also suggested as a

40


http://algaebase.org/search/species/detail/?species_id=758
http://algaebase.org/search/species/detail/?species_id=758

940

941

942

943

944

945

946

947

948

949

950

951

952

953
954

955

956

957

958

959

960

961

962

963

chapter 6 text 052212.docx

candidate because of its high productivity during May to October. Aghardiella subulata,
Codium fragile, and Fucus vesiculosus were additional possible candidates. Productivity by
Codium fragile was similar to Fucus and Laminaria under these study conditions. Ascophyllum,
Palmaria, and Ulva were ruled out. This study never made it to commercial production because,
while feasible, it was not economically advantageous at the time.

Some studies (Gerard 1999) showed an interesting relationship between Spartina
alterniflora (salt marsh cordgrass) and Ascophyllum nodosum (bladder wrack). On southern New
England, mid-Atlantic coasts, these species were mutually beneficial and the combination of the
vascular and non-vascular species resulted in high productivity for the marsh-estuarine system. It
was thought that the cordgrass offered some shade to help with desiccation issues for the
Ascophyllum, while a decaying layer beneath the mat of Ascophyllum provided nutrients for

Spartina (Brinkhuis 1976).

6.3.2.4 Trophic Interactions

As the base of the food chain, macroalgae directly and indirectly provide sustenance as
well as habitat to a variety of animals—and humans (Lembi and Waaland 2007). For human use,
kelp is used to make soup stock, or “dashi”, and also eaten whole as a sea vegetable, or by
pickling sections of the stipe as “sea pickles.” It is also traditionally liquefied for use as a
fertilizer in gardens (Chapman and Chapman 1980). Commercial cultivation or harvesting is not
done in LIS as it is in many Asian and European nations, but individuals still gather and use the
bounty from the shore. Chondrus is collected and used mostly to make traditional blanc mange
pudding, or to thicken stews. Palmaria palmaria (“dulse”) is dried and eaten as a snack or in

various recipes; Ulva (tubular species) is used in “seaweed salad”, and Fucus vesiculosus is used
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in the traditional New England clambake or brewed for tea. One additional human food that
should be mentioned is Porphyra. Dried blades are flaked and used as a condiment. Certain
species are gathered and pressed into sheets as nori to make sushi wrappers, but while this had
been done commercially in Maine, it is presently not done in LIS or the Gulf of Maine (Chopin
et al. 1999; Chopin et al. 2001; He and Yarish 2006; Pereira and Yarish 2010; Yarish et al.
1999).

Aside from human consumption, there are herbivorous predators of these primary
producers in various sizes and types. Finfish, gastropod snails and sea urchins are key
consumers of macroalgae. The trophic relationship between kelp and urchins such as
Strongylocentrotus purpuratus is well known (e.g., Vadas 1977), and the gastropod Lacuna
vincta is a voracious predator of kelp (Egan and Yarish 1990). Gastropods such as Littorina spp.
feed on fleshy (Ulva spp.) and even crustose algae such as Ralfsia verrucosa. Mesograzers such
as copepods, amphipods, and polychaetes are less studied but important grazers of macroalgae
(Lobban and Harrison 1994).

However, in most situations, less than 20% of the algal biomass consumed passes
through herbivores; a greater amount becomes part of the detrital food web (Vadas 1985).

A study conducted at Avery Point examined mutually beneficial relationships between
snails and their seaweed hosts (Stachowicz and Whitlatch 2005). Results showed that Chondrus
crispus had greater abundance and far less fouling from ascidians when two common snails,
Anachis lafresnayi and Mitrella lunata, were present than when they were absent. This indicates
that the snails were feeding on the tunicates attached to Chondrus rather than the Chondrus itself,

to the benefit of both.
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Historical anecdotal reports praise Gracilaria tikvahiae and Agardhiella as settlement
surfaces for scallops in Niantic Bay and other locations (e.g. Goldberg et al. 2000). They are
frequently found together, and observations that Gracilaria also tended to occur in hypoxic areas
may be a reflection of its ability to take up nitrogen effectively.

Due to high balanced levels of protein, lipid, and carbohydrate, several of the common
LIS algae have been used in aquaculture as nutrition for animals. A study at the National
University of Galway (then University College Galway) showed that abalone preferred Palmaria
palmata in their diets, and that a mixed diet of Palmaria and Laminaria provided the best
nutrition for these mollusks (Mai et al. 1992). Much remains to be further investigated in terms

of trophic transfer from algae.

6.3.2.5 Human Impacts

In an environmental contamination study, Shimshock et al. (1992) found that kelp from
LIS near the Thames River in 1986 contained high levels of metals such as copper and cadmium,
particularly in older blades and stipes. The authors observed that the ability of these algae to
concentrate trace metals from the surrounding water suggests their use for biomonitoring.

In addition to indicating potential environmental problems, macroalgae can also assist in
diminishing the impact of man. Porphyra species have been investigated for their potential as
nitrogen scrubbers in nutrient bioremediation (e.g., Chopin et al. 1999; Carmona et al. 2001;
Chopin et al. 2001; McVey et al. 2002) and two native Sound species were deemed suitable for
integrated multi-trophic aquaculture and bioremediation (Yarish et al. 1999; He and Yarish

2006).
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Some threats are harder to document or observe. Van Patten et al. (1993), in a study of
the effects of temperature change on reproduction of kelp, pointed out that LIS kelp, at its
southern limit, could be eliminated by a warming of 1-2° C. Reproductive effort in LIS was
considerably less than that of kelp in New Hampshire or Nova Scotia. Davison et al. (2007)
demonstrated in the laboratory that the interactions between nitrogen metabolism in Atlantic
Laminaria saccharina and ultraviolet radiation are very complex, and need to be considered
when evaluating the effects of anthropogenically increased UV on ocean productivity.

As climate change proceeds, increasing ocean acidification from carbon dioxide may
particularly affect calcified species such as Corallina officinalis, due to the solubility of their
high-magnesium calcite skeletons (Hall-Spencer 2008). Corallinas are found in rocky habitats,
and are epiphytic on seagrass (Hemminga and Duarte 2000). Acidification may lead to profound
changes in the food webs and diversity of seagrass meadows (Martin et al. 2008), because
epiphytic coralline algae are primary colonizers of seagrass, and are subsequently followed by
many other species such as diatoms, sponges, foraminifera, worms, and other invertebrates
(Corlett and Jones 2007). Bussell et al. (2007) found 125 species of invertebrates in
communities associated with Corallina officinalis in a United Kingdom study, illustrating the
richness of these associations. Martin et al. (2008) concluded that by the year 2100, calcium
carbonate production by coralline algae could decrease by 50%, with large consequences for
local sediment budgets and biogeochemical cycles of carbon and carbonate in shallow coastal
ecosystems.

Another human impact seen all too often is that of invasive species. Such species are
frequently introduced by human activities, e.g. the introduction of Codium fragile ssp.

tomentosoides to the East Coast of North America in 1957 (Bouck and Morgan 1957) or earlier
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(Provan et al. 2007) probably via shipments of shellfish and ship hull transport (Carlton and
Scanlon 1985). This highly invasive, buoyant species disrupts shellfish beds. Baitworms have
been suggested as another, modern vector for distributing invasive species (Yarish et al. 2010).

A globally spreading, large invasive red seaweed from Asia, Grateloupia turuturu, was
first identified in LIS in 2004 (Millstone Environmental Laboratory, 2009). A large, multi-state,
multi-investigator Sea Grant study investigated the impacts and spread of this newcomer, which
is well established at Millstone Point in Waterford Connecticut and as far east as Groton, CT.
Although Chondrus crispus, a competitor for habitat, is holding its own so far, future warming of
LIS may facilitate the spread of Grateloupia and it may outcompete native species (Yarish et al.,
2010). The same study showed that Grateloupia was not a preferred food item for most
herbivores, and that it grows quickly so could become dominant and change community
structures. It reproduces well (Lin et al. in prep.) but decomposes quickly and so is a poor source
of food to surrounding systems (Janiak 2010). While there are good efforts at educating the
public about the control of invasive species, more education and more vigilance will be
important for the future.

Several new invasive species in the genera Porphyra have been found in LIS since
attention turned to it in the late 1990s as an economically important genus for the commercial
sushi trade and other industries. Species were identified and described using DNA analyses (e.g.
Broom et al. 2002; Klein et al. 2002; Neefus et al. 2000; Neefus et al. 2008). Very recently,
Nettleton et al. (2012, in prep.) found, by means of molecular screening, that the invasive alga
Gracilaria vermiculophylla is in LIS. It has apparently gone undetected for years, because it so
closely resembles a related native species. This underscores the importance of DNA sequencing

in future monitoring efforts.

45



1055

1056

1057

1058

1059

1060

1061

1062

1063

1064

1065

1066

1067

1068

1069
1070

1071

1072

1073

1074

1075

1076

1077

1078

chapter 6 text 052212.docx

In a Sea Grant-funded study of bait worm packaging as a potential vector of invasive
species transport (Haska et al. 2012), investigators found that the seaweed packing (Ascophyllum
nodosum) and baitworms yielded unintentional “stowaway” species. Microscopic examination
and DNA analyses of purchased bait box contents yielded 13 species of macroalgae and 23
species of invertebrates. Two species of microalgae that are considered to be potentially toxic in
bloom conditions, Alexandrium fundyense and Pseudonitzchia multiseries, were detected. This
underscores the need for consideration of alternate packing materials or education on proper
disposal methods of the seaweed packing used in bait boxes.

Finally, the careful records kept by the Millstone Environmental Laboratory (Keser et al.
2010) are insightful for suggesting what species of algae may become dominant in LIS with
continued warming. We may expect a shift from kelp and other brown intertidal algae to more
warm temperate branched red algae such as Gracilaria tikvahiae and even the invasive species of

Grateloupia turuturu and recently discovered Gracilaria vermiculophylla with further warming.

6.3.2.6 Science Gaps and Management Implications

Brodie et al. (2009) pointed out that there are endangered algal species and even species
that have become extinct. So little monitoring of the seaweeds is done at present that we might
not even know whether important species are in serious decline. Brodie and co-workers summed
it up by saying that “For the marine macroalgae, evidence of the impact of climate change, ocean
acidification and introduced species on native floras is often anecdotal and points to the need for
long-term monitoring and scientific study to determine changes in abundance and distribution”.

In the future, the use of macroalgae in integrated multitrophic aquaculture and

bioremediation will need to grow. In addition, given the global spread of invasive species and the
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uncertainties associated with large-scale ecosystem changes due to global warming, it will be
essential to develop additional monitoring efforts and habitat surveys to have a basic
understanding about what large- and small-scale ecological changes are happening in
communities that depend on the macroalgae. If this doesn’t happen, the old saying “You don’t
know what you’ve got till it’s gone” could turn out to be true in the case of some valuable

seaweeds and the fauna that depend on them.

6.4 Plankton

The earliest plankton studies in LIS date back 70 years with the first estimates of primary
production (Riley 1941). During the 1950s a series of studies on species composition and
abundance of phytoplankton (Conover 1956), zooplankton (Deevey 1956) and primary
production (Riley 1956) were carried out. During the 1980s, a series of studies measured micro-
(Capriulo and Carpenter 1980) and mesozooplankton grazing (Dam Guerrero 1989, Dam and
Peterson 1991 & 1993), and copepod phenology (Peterson 1986) and copepod egg production
(Peterson and Bellantoni 1987). Starting in the 1990s, a more comprehensive spatial
examination of plankton biomass and abundance took place (Capriulo et al. 2002), and has
continued thanks to the Connecticut DEEP water quality monitoring program (Kaputa and Olson
2000; Dam et al. 2010). The program, with about 20 stations sampled at least at monthly
intervals, covers the entire Sound. Monitoring programs for phytoplankton (Liu and Lin 2008)
and zooplankton (Dam and McManus 2009), albeit at fewer stations, from the CT DEEP started
during the first decade of the 21% century. Spatial studies of primary production were carried out

in the first decade of the 21% century (Gobler et al. 2006; Goebel et al. 2006).
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1102 Here, we summarize information on both spatial and temporal patterns of phytoplankton
1103  and zooplankton in Long Island Sound. We also examine primary production and its fate.

1104  Emphasis is placed on new information available since the review by Capriulo et al. (2002). In
1105 the analysis, we take advantage of the extensive spatial coverage of the LIS Study (1988-1989)
1106  and of the water quality monitoring program of CT DEEP (since 1991).

1107

1108  6.4.1 Phytoplankton
1109

1110 The seasonal cycle of phytoplankton in LIS was first studied in the early 1950s (Conover
1111 1956). In that study, and subsequent ones in the 1980s (Peterson 1986; Dam and Peterson 1991;
1112  Dam et al. 1994), sampling was done in central LIS and only for a few seasons. However,

1113  because there is a strong population gradient from west to east along the shores of the Sound,
1114  there is also a concomitant gradient in nutrient loading, plankton biomass and primary

1115  production (Bowman 1977; Wolfe et al. 1991; Lee and Lwiza 2008; Gobel et al. 2006). The first
1116  comprehensive spatial study in the Sound took place in the early 1990s: three nearshore stations
1117  that covered the eastern, central and western LIS were sampled at monthly intervals for a period
1118  of three years (Capriulo et al. 2002).

1119

1120  6.4.1.1 Temporal and Spatial Patterns of Chlorophyll
1121

1122 The most comprehensive spatial study of LIS to date has been carried out by the CT
1123  DEEP monitoring program since 1991. About twenty stations that cover the entire area of the
1124  Sound are sampled monthly throughout the year, or biweekly during the summer. The program

1125  divides the Sound into five regions, from west to east (Fig. 10): The West Narrows, the East
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Narrows, the West Basin, the Central Basin and the East Basin (Kaputa and Olson 2000). Figures
11 and 12 show, respectively, time series of dissolved inorganic nitrogen (DIN) and chlorophyll
at the extreme ends of the Sound-- the West Narrows and the East Basin. During the 1988-2005
period, means of both annual and DIN and chlorophyll were consistently higher, by a factor of 3-
5, in the West Narrows than in the East Basin (Dam et al. 2010). During that period DIN
concentrations were significantly greater in the West Narrows than in the Central and East
Basins (Dam et al. 2010). Chlorophyll concentrations were significantly greater in the West
Narrows than all other regions during some years, but during other years chlorophyll
concentration in the West Narrows was only greater than in the East Basin (Dam et al. 2010). In
summary, there is indeed a dramatic decrease in nutrients and phytoplankton biomass from west
to east in LIS, but this decrease is not monotonic. That is, most of the spatial differences among
regions occur between the extreme ends of the Sound, the Narrows and the East Basin.

LIS also displays both seasonal and long-term patterns in phytoplankton biomass and
nutrient concentrations (Figs. 11, 12). The seasonal pattern is characterized by a chlorophyll
maximum in late winter or early spring. A smaller chlorophyll peak occurs in early fall.
Chlorophyll decreases during the summer, when nutrients are dramatically drawn down (Riley
and Conover 1956; Peterson 1986; Capriulo et al. 2002). This pattern has not changed since the
1950s, and appears to be independent of location in the Sound (Figs. 11 and 12).

The long-term patterns from the CT DEEP monitoring program show a dramatic decrease
of chlorophyll throughout the decade of the 1990s, a subsequent increase that happened
throughout LIS, and a decrease in DIN, particularly in the West Narrows. From 1991-2005,
significant decreases in annual mean and maximum DIN concentrations in surface waters were

observed in the West Narrows. Mean DIN dropped from about 0.4 to less than 0.2 mg L™ (slope
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=-0.01 mg L™y?, r?=0.24, p = 0.084, see caption in Fig. 11). Similar decreasing trends were
observed for TDN and TN in that region for the same period (Dam et al. 2010). In contrast, there
was no hint of a trend for DIN in the East Basin for the same period. The decreasing trend in
DIN in the West Narrows is probably linked to the decrease in nutrient loading that has resulted
from sewage-treatment improvements in that region.

The time-dependent pattern in chlorophyll concentration was different from the one for
DIN. A dramatic decrease in chlorophyll was observed throughout LIS for the period 1988-1999,
and no spring blooms were apparent during the years 1999 and 2000. Since 2000, chlorophyli
increased and remained fairly constant with time. While there is a spatial correlation between
nutrients and chlorophyll biomass, the two variables appear less correlated in time. That is, from
1988-2007 there was a system-wide change in chlorophyll with time, but not in DIN. The
chlorophyll pattern perhaps reflects some regional forcing, whereas the DIN patterns appear to
reflect the differential nutrient loading from east to west.

It is obvious from Figs. 11 and 12 that there is considerable interannual variability of
phytoplankton biomass in LIS. However, there is no clear evidence of any trend in biomass from
the early studies of the 1950s until the 2000s. The only fair comparison is the Central Basin since
that is the region that was originally studied by G. Riley and coworkers. Figure 13 shows the
chlorophyll concentration in the Central Basin for the period 1988-2005. The range of
observations for this period is similar to 1952-1954, (Riley and Conover 1956; Conover 1956)
and 1992-1995 (Capriulo et al. 2022). Furthermore, a comparison of decadal means in the
different seasons of the year among the 1950s, 1990s and 2000s does not show any clear trends

(Dam et al. 2010).
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6.4.1.2 Phytoplankton Community Structure

Conover (1956) first reported that diatoms dominate the phytoplankton in LIS, except
perhaps in summer when dinoflagellates and other small flagellates prevail. Capriulo et al.
(2002) made the same observation, but noticed that peak abundance was not in spring, but
summer and fall (see their Fig. 28). Since the early 2000s, Senjie Lin and coworkers have
analyzed data from the CT DEEP phytoplankton monitoring program. They did microscopic
identifications for 10 representative stations in 2002, 2003, and 2007-2010, and molecular
analysis for the <5 pum size-fraction at four of the stations in 2003. Here, we summarize their
findings. Although phytoplankton species number fluctuated somewhat interannually, the
community structure was relatively stable, both in time and space (Fig. 14). Diatoms contributed
61% of the species richness and dinoflagellates accounted for 26%. Minor components included
chrysophytes (2.6%), raphidophytes (2.1%), chlorophytes (3.1%), cryptophytes (1.0%),
euglenophytes (0.5%) and a number of unidentified species (3.65%). Total species number
exhibited two small peaks yearly, one in early spring and the other in late autumn, mainly
attributable to diatom species (Fig. 14a). There was no discernable spatial trend in species
richness along the Sound (Fig. 14b). These patterns resemble the observations from the early
1950s (Riley and Conover 1956; Harris and Riley 1956). A closer look at the 2002-2010 data
showed that Skeletonema costatum was dominant in eastern LIS, Skeletonema costatum and
Thalassiosira sp. in central LIS, and Thalassiosira sp., Dactyliosolen fragilissimus and
Thalassiosira nordenskioldii in western LIS. Such spatial species differentiation could be a result
of responses to eutrophication (Cloern 2001). But as diatoms were the unassailably predominant
group in the phytoplankton community (Conover 1956; Harris and Riley 1956; Capriulo et al.

2002; Liu and Lin 2008), apparently the effect of eutrophication in LIS main water body is
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relatively low. However, it is well recognized that some inner bays have suffered severe
eutrophication, where dinoflagellates such as Prorocentrum minimum, Akashiwo sanguinea and
Alexandrium fundyense, can form blooms seasonally. For example, A. fundyense has formed
blooms in Huntington Bay, New York, causing Paralytic Shellfish Poisoning outbreaks since
2006 (Hattenrath et al. 2010).

Although diatoms dominated the phytoplankton community throughout the year, seasonal
variation in dominant species occurs. For 2002-2010, Leptocylindrus minius, Scenedesmus sp.,
Thalassiosira spp. and Skeletonema costatum were dominant in spring, Thalassiosira sp.,
Dactyliosolen fragilissimus, P. triestinum, T. nordenskioldii and T. gravid in summer; S.
costatum and Thalassiosira sp. in fall, and Thalassiosira sp. and Asterionellopsis glacialis in
winter. Historically, S. costatum was the predominant species in winter, while in summer,
stratification and low inorganic nitrogen favored other species, especially dinoflagellates, of
which Gonyaulax spp. could make up ~50% of the phytoplankton cell population (Harris and
Riley 1956). In the last decade, a peak of dinoflagellate species number was noticeable in
summer (Fig. 15a). P. triestinum, P. minimum and P. micans appeared to replace Gonyaulax spp.
as dominant dinoflagellate species in western LIS in summer. Overall, Thalassiosira spp. and S.
costatum were the predominant species in all seasons and almost the whole Sound. Recent
molecular analyses have revealed several species out of the originally established S. costatum
species; whether the observed S. costatum is composed of multiple species remains to be
determined.

Very small phytoplankton, such as the ubiquitous cyanobacteria Synechococcus spp.,
have not been systematically studied in LIS, but they are known to be abundant, especially in

summer. For example, Campbell (1985) measured abundances up to 1.8 x 10° cells L™ in central
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LIS (Crane Neck shore station). At 1-2 fg chl cell™ (Liu et al. 1999), this equates to 0.18 to 0.36
g chl L™, most likely less than 10% of the total phytoplankton biomass. Their role in primary

production in LIS is not known.

6.4.1.3 Phytoplankton Abundance

Phytoplankton abundance in LIS varies seasonally, typically with a major peak in late
winter or early spring, and a lower peak in the fall (Conover 1956; Harris and Riley 1956; Sun et
al. 1994). During 2002-2010, the largest peak was apparent in the summer (Fig. 15a), which is
in stark contrast to the work from the 1950s (Conover 1956), but similar to what was observed in
the early 1990s in central LIS (Capriulo et al. 2002). The latter authors observed, however, the
largest peak in phytoplankton abundance in the fall in western LIS. For 2002-2010, total
abundance could reach about 4.4x10° cells L™ (2009) to 1.5x10° cells L™ (2007), of which
diatoms contributed over half of the total biomass (~64%), while dinoflagellate accounted for
about 11% (Fig. 15a). These figures are similar to those reported by Capriulo et al. (2002).
Conover (1956) reported peaks in phytoplankton abundance that were an order of magnitude
higher (up to ~ 30 million cells L™), but most of the observations fell within the range reported
here.

As previously observed (Bowman 1977; Aller and Benninger 1981; Wolfe et al. 1991;
Capriulo et al. 2002; Liu and Lin 2008), phytoplankton abundance was highest in the high
nutrient and low salinity waters of the western Sound (Fig. 15b). As with the case for
chlorophyll, most of the significant spatial differences in phytoplankton abundance arise from

the extreme ends of LIS.
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6.4.1.4 Primary Production

The few available measurements and estimates of primary production for LIS bracket the
production between 400 and 854 g C m?y™. This two-fold range is not surprising given that
different methods were employed in the studies, that sampling occurred in different regions, and
that studies were done in three different decades. Riley (1956) provided a single estimate of
annual gross primary production from the dark and light bottle technique. This estimate is 470 g
C m?y™. That study cites work by Riley (1941) putting production at 600-1000 mg C m?y™.
The estimate of production from Dam Guerrero (1989) is from short incubations during mid-day
using the **C technique, which yields something between gross and net production.
Measurements were integrated for the uppermost 10 m of the water column, and sampling
frequency was weekly or biweekly from February to August. Sampling took place at a single
station, near H6 (see Fig. 10), in central LIS. That study estimated primary production at 854 mg
C m?y*, with virtually identical estimates for the winter-spring and the summer periods.

Goebel et al. (2006) derived gross primary production from physiological parameters measured
in oxygen-based photosynthesis-irradiance (P-1) incubations, integrated both through time of day
and depth (uppermost 10 m). Sampling was biweekly during summer months and monthly
during spring and fall. Eight stations from the central to western LIS were sampled. That study
put net primary production at 400 +80 mg C m2y™. Because algal respiration was assumed to be
50% of gross production in that study, the average gross production was 800 mg C m?y™. Thus,
the estimates from Dam Guerrero (1989) and Goebel et al. (2006) are rather close.

The only study that has examined spatial variability in productivity in LIS is Goebel et al.
(2006). They observed a gradient of declining productivity from west to east, which correlates

with a similar gradient in nitrogen loadings and chlorophyll biomass. However, productivity only
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varies by a factor of two whereas nitrogen loadings vary by roughly an order of magnitude, while
biomass varies by 3 to 5-fold. This implies that other factors must also constrain productivity.
Indeed, nutrient addition assays indicate that nutrient limitation of primary production, either by
N or Si, occurs in LIS (Gobler et al. 2006), but that this limitation varies with season and region.
For example, western LIS appears N-limited during late spring and summer whereas such
limitation occurs in central LIS from spring until fall. Grazing, which is discussed later, is
another potentially controlling factor. The magnitude of the gradient in mesozooplankton
abundance (see next section) from east to west matches that of chlorophyll and primary
production. Provided that individual grazing rates do not decrease from east to west, then

zooplankton grazing should have an effect on the chlorophyll and primary production.

6.4.2 Zooplankton

The first survey of zooplankton abundance and seasonality in LIS was done in the early
1950s (Deevey 1956), and was entirely restricted to metazooplankton. (The term
mesozooplankton applies to organisms > 200 um, and usually also refers to metazooplankton.
The term microzooplankton applies to organisms < 200 um, and usually refers to
protozooplankton. For example, most copepod nauplii and some copepodid stages are small
enough to be microzooplankton, but are also metazooplankton. Here, we use the term meta- and
mesozooplankton interchangeably, as well as micro- and protozooplankton.). The first
protozooplankton (unicellular heterotrophs) survey was done in 1979-1980 (Capriulo and
Carpenter 1983). Both of these surveys were mostly confined to central LIS. Work on copepod
phenology, also in the central Sound, resumed in the 1980s (Peterson 1986). The first temporal-

spatial survey for both metazooplankton and protozooplankton was carried in the 1990s
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(Capriulo et al. 2002), but was confined to three locations along the east-west axis of LIS
(Capriulo et al. 2002). Since the early 2000s, a more comprehensive temporal-spatial survey of
the zooplankton has been carried out by the CT DEEP monitoring program (Dam and McManus
2009). This program samples six stations along the east-west axis of the Sound. Here, we
restrict comparisons among studies to central LIS, where sampling locations are common to all
studies. With respect to the metazooplankton, Deevey (1956) sampled monthly with a No. 10
silk net (~ 158 pum mesh) near the LISS/CTDEEP station H4 in the Central Basin from March
1952 to May 1953. Sampling was from bottom to surface waters, although it is unclear if the
tows were oblique or vertical. Capriulo et al. (2002) sampled monthly from 1993 through 1995
(landward of station H2). Oblique tows from bottom to surface were done with a 202 um mesh.
Dam and McManus (2009) data is from the CT DEEP zooplankton monitoring program.
Sampling was monthly, or bimonthly during the summer months, and consisted of vertical tows
from bottom to surface with a 202 pm mesh net. Peterson (1986) sampled approximately weekly
from February to November in the early to mid 1980s (near station H6). Tows were vertical from
bottom to surface with a 202 um mesh net. However, we do not include Peterson’s data in all the
comparisons because sampling did not take place throughout the entire year. Protozooplankton
samples were collected from whole water samples, preserved and concentrated after settling, and
then counted under inverted microscopes (Capriulo and Carpenter 1983; Capriulo et al. 2002;

Dam and McManus 2009).

6.4.2.1 Metazooplankton

The seasonal cycle of metazooplankton abundance for the early 1950s (Deevey 1956) and

the 2000s (Dam and McManus 2009) is shown in Table 2. The minimum abundance occurs in
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January and the maximum in June, regardless of the year, and abundance varies by one order of
magnitude throughout the season. The seasonal pattern of total mesozooplankton biomass for
2002-2009 (Dam and McManus 2009) is similar, but with peaks between April and May (Fig.
16). The offset in peak abundance and biomass is likely due to the biomass dominance of the
copepod Temora longicornis relative to the Acartia species (Fig. 16). T. longicornis, a larger
species than Acartia, peaked in May during this time period.

Copepods account for 80-90% of the metazooplankton abundance in LIS (Dam and
McManus 2009). The following taxa have been routinely reported for LIS: Arthropoda
(copepods, mysids, crab larvae, amphipods, barnacle nauplii and cladocerans); Annelida
(polychaete larvae); Mollusca (gastropod and bivalve larvae); Echinodermata (sea star larvae);
Chordata: Oikopleura sp.; Bryozoa; and Chaetognatha (Sagitta elegans).

The seasonal cycle of zooplankton species in LIS is characterized by two distinct
assemblages (Peterson 1986). The winter-spring assemblage is dominated by the copepods
Acartia hudsonica (abundance) and Temora longicornis (biomass). Pseudocalanus sp. is also
present at this time, but in much lower abundance relative to the other two species. The summer-
fall assemblage is dominated by the copepod Acartia tonsa. Two other species, Paracalanus
crassirostris and Oithona similis are also abundant during this time period. Copepod species
abundance data were examined for the 1950s (Deevey 1956), 1980s (Peterson 1986 and
unpublished observations), 1990s (Capriulo et al. 2002) and 2000s (Dam and McManus 2009).
A. tonsa peaked in late August 1952 at ~ 80,000 individuals m™. From 1982-1987, maximum
Acartia tonsa abundance also occurred in August, but the peaks ranged from 2,000 to 25,000
individuals m™ (Peterson 1986 and unpublished data). Similarly, from 1993-1995, A. tonsa

peaks ranged from 3000 to 25,000 individuals m™ (Capriulo et al. 2002). The peak A. tonsa
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abundance from 2002-2009 ranged from 15,000 to 160,000 individuals m™, with peak abundance
usually in August (Fig. 16). Estimates for A. hudsonica abundance during the March peak were
70,000 individuals m