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INTRODUCTION

In his Plenary Presentation to the 1992 Long Island Sound Research Conference Dr. Donald Squires
began by stating that “Less is known about Long Island Sound than most other major estuaries

in the United States because, comparatively, it has been the subject of less research than the
others.” He provided a brief history of research in the Sound and concluded that this apparent
deficiency was due primarily to the absence of “a continuing stream of research funding which
permitted the development of a program with long term goals”. Beyond this he pointed to the need
for systematic study and a continuing and well designed monitoring program which in time would
allow assessment of both the current state of the Sound and the sense and magnitude of any slow
gradual changes that might be occurring, such as those associated with global climatic change.

A review of the papers, abstracts and posters presented in these Proceedings suggests that the past
twelve years of effort has resulted in some improvements in the research climate relative to that
described by Dr. Squires. A continuing monitoring program directed at both water quality and

the management of fisheries resources in the Sound is being conducted by the State of Connecticut
Department of Environmental Protection with funding from the U.S. EPA. The developing data
set from the regular shipboard surveys of this program is already finding use within several
investigations such as the study of salt transport and mixing presented by Gay and O’Donnell.
These observations are supplemented by higher frequency data provided by instrument arrays
mounted on the public ferries crossing in the vicinity of Bridgeport and New London. This work,
sponsored by New York and Connecticut Sea Grant Programs, complements both scientific
studies of transport, meteorology and water quality and a variety of educational programs. Codiga
describes the application of some of these data within his studies of residual circulation in the
eastern Sound. Together with the developing observational network initiated with funding from
EPA and currently supported by NOAA (see LISICOS.uconn.edu) and the variety of remote
sensing platforms both airborne and satellite, these shipboard surveys promise to provide a
valued and regular measure of the “pulse of the Sound”. Such measurements directly support the
increasing number of “cause and effect” studies in the Sound dealing with e.g. eutrophication,
acute lobster mortality, the effects of existing and planned benthic disturbance resulting from
cross-Sound cables and pipelines, harmful algal blooms, toxics, and salt marsh dynamics. Each
of these subjects are treated to some extent in these Proceedings.

The range and diversity of study detailed in these Proceedings as well as the variety of agency
involvement, both State and Federal, appears indicative of a growing public awareness of the value
of Long Island Sound and the sensitivity of the ecosystem to the range of anthropogenic insults.
The studies in general are more systematic than those found in the 1992 Proceedings and are
intended to contribute to increased understanding of Sound dynamics as opposed to many of the
earlier studies that simply used the Sound as a laboratory. This slight but significant paradigm
shift has facilitated closer collaboration between the States of New York and Connecticut as well
as the multiple groups of investigators interested in the Sound. Although the regular, continuing,
source of research support discussed by Squires in 1992 remains to be established this
commonality of interest certainly benefits efforts to develop such funding. It’s likely that this
subject will again be discussed in future Proceedings.

W.Frank Bohlen

December, 2005
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USING THE INDEX APPROACH TO ASSESS BENTHIC HABITAT QUALITY

In addition to improved integration and assessment of existing datasets, there remains in LIS and elsewhere the
need for wider acceptance and/or greater use of indicators that incorporate the concept of biotic integrity and, by
extension, habitat quality. Karr (1981; 1991) was one of the first to advocate a “biota-based” approach, based on
the principle that the integrity of resident benthic (or fish) communities serves as a better indicator of the health
or quality of water or sediment habitats than physical/chemical measurements of contaminants, toxicity, nutrients,
dissolved oxygen, etc. A somewhat bewildering array of benthic indices has since evolved, most of which are
based on a common reductionist approach by which complex indicator datasets are distilled into one simple,
easily understood numerical value or metric (Diaz et al. 2004).

The Benthic Index of Biotic Integrity (B-IBI) is one such index, in which multiple measures of benthic
community structure and function (such as diversity, abundance of pollution-indicative or pollution-sensistive
taxa, number of opportunistic taxa, etc.) are combined into a single number designed specifically to characterize
the degree of anthropogenic disturbance to soft-bottom benthic habitats along a continuum from “highly
disturbed” to “non-disturbed”. Over the past 15 years, the B-IBI approach has been developed and applied widely
in estuaries throughout the U.S. as part of several on-going, large-scale environmental monitoring and assessment
programs (e.g., Weisberg et al. 1997; Engle and Summers 1999; Llanso et al. 2002a and b). While accounting for
variations in benthic community structure due to natural habitat factors like salinity and sediment grain size, the
B-1BI approach examines the full range of different habitat types and responses of infauna to known
anthropogenic disturbances across the chosen region of interest (e.g., within a given watershed, biogeographic
province, or major estuary like Chesapeake Bay or Long Island Sound). This is useful because it allows the
results from any single location (e.g., a given embayment, cove, or pipeline corridor) to be interpreted within a
broader geographic or “ecosystem” context.

SUGGESTED DIRECTIONS

The benthic index concept has its drawbacks, including the confusing proliferation of multiple indices in recent
years and the reliance on a reductionist approach that oversimplifies complex ecosystems. From a purely
pragmatic perspective, however, scientists and resource managers must get better at developing and “selling”
metrics or indicators that are easy to understand and readily communicated to legislators and the pubtic. This

is essential to sustain funding for the monitoring programs that are the foundation of effective ecosystem
management.

Considerable effort already has been spent developing and validating the B-IBI for the Virginian Province,
within which LIS is located (Paul et al. 2001; Schimmel et al. 1999), but this index appears to have been
overlooked or ignored in past benthic mapping efforts and on-going monitoring programs in LIS. As
demonstrated in Chesapeake Bay, the B-IBI approach can be quite effective in providing managers with a
uniform tool for evaluating site-specific impacts, identifying problem areas, and monitoring progress toward
estuary-wide restoration goals (Llanso et al. 2003).

Although not a perfect solution, the Virginian Province B-IBI represents a practical, logical starting point for
meeting the present-day needs of LIS managers. To be adopted for routine use in the Sound, this existing index
may only require minor refinement or validation, which could be accomplished efficiently through GIS-based
integration of the several large, existing LIS datasets of recent vintage (e.g., EMAP and National Coastal
Assessment; USGS studies). Regardless of the particular index that might be selected and used, effective
management requires not only descriptive maps of benthic habitat variety and distribution, but also interpretive
maps of habitat quality.

Long Island Sound Research Conference Proceedings 2004 5
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Soft-bottom benthic habitat mapping in LIS and the critical need to
incorporate biota-based indicators of habitat quality

Raymond M. Valente
SeaRay Environmental, 902 Riverview Place, St. Marys, GA 31558
phone: (912) 729-1019; email: rvalente@tds.net

INTRODUCTION

Historically, benthic ecologists have sampled the seafloor blindly, using grabs or cores to extract relatively
miniscule volumes of sediment across an area of interest. This has resulted in a limited ability to elucidate spatial
patterns in seafloor physical characteristics and associated biological communities. Advances in ship-based
acoustic survey techniques (principally side-scan sonar and single/multibeam bathymetry) now facilitate the
routine production of high-resolution maps providing unprecedented insight on how seafloor topography

and physical characteristics can vary at multiple spatial scales over large areas (Kenney et al. 2003). With the
newfound ability to target benthic sampling more precisely and evaluate population distributions within a broader
geographic or “benthoscape” context, benthic habitat mapping (BHM) has become an area of intense focus by
resource agencies in the U.S. (e.g., NOAA, USGS) and countries worldwide.

This paper discusses some current issues related to BHM in general and critically evaluates BHM efforts in
Long Island Sound over the past decade. The overall objective is to clarify the important distinction between
descriptive mapping approaches, that mainly attempt to define or classify different habitat types based on
observed substrate-community associations, and interpretive approaches that attempt to address the more
subjective and elusive concept of benthic habitat quality. It is suggested that a more balanced combination
of the two approaches is required going forward to address critical LIS management needs.

GENERAL BENTHIC HABITAT MAPPING ISSUES
The definition of BHM is highly subjective

It is clear from the worldwide literature that no universal definition of BHM exists. One reason is the remarkably
wide variety of instrumentation and techniques that have evolved for characterizing the seafloor (Kenny et al.,
2003; Solan et al., 2003). At a purely logistical level, therefore, BHM can encompass a disparate array of
activities and technologies. The choice of techniques ideally should depend on each project’s objectives,
particularly with respect to the scale and distribution of seafloor features across the study area, the required
resolution of the resulting maps, and the specific organism(s) of interest. Unfortunately, it may instead be
dictated by investigator bias and/or the availability of funds and specialized equipment. To a large extent what
constitutes the description of a benthic habitat is dictated by the resolution of the survey or sampling methods
employed.

Substrate does not equal habitat

Given the ease with which data on seafloor bathymetry and texture can be collected rapidly over broad areas
with modern geophysical techniques, the concept of benthic habitat is sometimes equated with bottom sediment
or substrate type (Greene et al. 1995; Valentine and Schmuck 1995). This simplified line of thought is intuitive,
because the habitat occupied by benthic organisms is the sedimentary environment (Figure 1A). However,

the concept of habitat is most meaningful when defined in relation to the needs and preferences of specific
organisms. Benthic habitat, therefore, is more than substrate: it is formed from the intersection of components
that include substrate, species, and the species tolerances and preferences (Figure 1B).

Long Island Sound Research Conference Proceedings 2004 3
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FIGURE 1. Diagram showing the relationship between physical substrate and benthic habitat. A) Simplistic view
that equates substrate with habitat. B) Realistic view that combines environmental tolerances and preferences of
species with substrate characteristics to define subsets of space that are habitat for the identified species (from
Diaz et al. 2004).
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FIGURE 2. Descriptive map showing the spatial distribution of benthic communities in the northern half of
LIS (based on sampling conducted in the late 1970s and early 1980s) and used to evaluate substrate-community
relationships (Zajac 1998; Zajac et al. 2000).
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FIGURE 3. Interpretive map showing the presence of degraded versus non-degraded benthic habitat conditions,
based on calculation of B-IBI values, at stations sampled from 1990 to 1993 by the U.S. EPA’s Environmental
Monitoring and Assessment Program (EMAP).
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Effect of oxygen concentrations on fluxes of dissolved organic matter,
nutrients, iron, and manganese over the sediment-water interface

Victor A. Ariasi, Annelie Skoog1, Sergio Sanudo2 and Aaron Beck2

' Department of Marine Sciences, University of Connecticut, Avery Point Campus, Groton, CT 06340
*Marine Science Research Center, Stony Brook University, Stony Brook, NY 11794-5000

INTRODUCTION

The release of nitrogen and phosphorus compounds to coastal waters is one of the principal causes of
eutrophication. One of its consequences, anoxia in continental shelf sediments, is persistent during the summer
in coastal regions characterized by high primary production and high organic matter delivery to sediments.
Anoxic sediments have been detected in the western sections of Long Island Sound.

The cycling of organic matter in coastal regions, including dissolved organic mater (DOM) in marine sediments,
plays an important role in organic carbon remineralization and preservation in sediments (Burdige er al., 1992;
Burdige and Zheng, 1998). Decomposition of organic matter in sediments makes the sediment-water interface an
important site for nutrient regeneration, and acts as a source of continual supply of remineralized organic
constituents to overlying water (Burdige and Homstead, 1994). The magnitude and relative importance of this
nutrient source can be determined by direct measurements in short-term incubations of bottom water and
underlying sediments (Aller, 1980a; Aller, 1980b). In the experiment reported here, three mesocosms were kept
under oxic conditions, and an additional three mesocosms were allowed to reach anoxic conditions in order to
study the effect of anoxia on sediment-water fluxes of compounds affected by sediment-surface redox-conditions.

METHODS

Organic-matter-rich sediment was collected at the south side of the New London Ledge Lighthouse at 41° 18’
35” N and 72° 04 66” W. A total of 31 gallons were collected by scuba divers at a depth of 15 m. The top 2 cm
of the sediment was collected using small shovels and the sediment was stored in acid-washed plastic bags during
the trip back to shore.

A total of six mesocosms were prepared, each one is made of 45 cm long sections of 29.2 cm diameter Plexiglas
tubing, and holds a volume of 30.2 L. The volume of sediment incubated in each chamber was estimated as 13.6
L. The chambers were equipped with 5-cm-long and 0.7-cm-diameter, Teflon-coated, magnetic stir bars. An
electric motor connected to an adjustable power supply controller revolved the magnetic stir bars at 60 r.p.m.
Each chamber was connected by Teflon tubing to a flexible polyethylene bag containing seawater, to compensate
for the volume removed during sampling. An electrode to determine temperature and oxygen concentration was
screwed into the lid closing each chamber. Each lid has a sampling probe with a septum, designed to avoid the
exchange of oxygen with the atmosphere. Each lid has two adapters, where tubing to oxygenate the chamber was
attached.

Three mesocosms were incubated under regulated, oxygenated conditions. Oxygen was diffused into the
chambers through an FTP-Teflon tubing. Oxygen was supplied under pressure using industrial grade oxygen and
a manometer at 25 Mpa. pH was monitored twice daily to make any needed adjustment to keep the pH of natural
seawater. Another set of three mesocosms was incubated under unregulated oxygen conditions. Respiration of
bacteria and benthic infauna was allowed to bring oxygen levels to zero and to a lower pH.

Long Island Sound Research Conference Proceedings 2004 11



The time between sediment sampling and start of the experiment was the shortest possible to avoid sulfide
formation in the sediment, and was usually less than 6 hours. The sediment was homogenized before addition to
the mesocosms. Samples for bacterial counts and determinations of OM were collected before start of the
experiment. Mesocosms were kept at 16°C and 60% humidity in an environmental chamber under dark
conditions for 33 days.

Mesocosm-water samples were collected using 100-mL glass syringes for carbon, nitrogen, and inorganic
nutrient concentration determinations. Polypropylene syringes were used for collection of iron samples. Samples
were filtered through muffled 0.7-um-pore-size, glass-fiber filters (GF/F), stored in 20-mL, glass, scintillation
vials and frozen until analysis. Samples for iron were acidified and stored at 4°C in acid-washed polyethylene
bottles. Sampling was carried out daily for one week and every other day for the following two weeks until levels
of oxygen reached zero in the mesocosms without oxygen addition (Fig. 1a). Tubing for diffusing oxygen to the
anoxic mesocosms was added at this time to return the mesocosm to oxic conditions. Sampling was carried out
every other day until the oxygen concentration had reached 7 ppm.

One of the mesocosms supposed to become anoxic had a crack, and therefore never became completely anoxic.
The results from this mesocosm are not included in the following discussion.

RESULTS AND DISCUSSION

Dissolved organic carbon (DOC), and dissolved organic nitrogen (DON) were released to the overlying water
during anoxic conditions (Fig. 1). The relative DON increase was larger than the DOC increase, which agrees
with a demonstrated preferential release of N relative to C during early decomposition of organic matter.
Dissolved inorganic nitrogen (DIN) was released from sediment to overlying water during oxic conditions,
mainly in the form of nitrate. This release was smaller than the very large release of ammonia released from
sediment to overlying water during anoxic conditions (Fig 2).

Ironoxydroxides (FeOOH) form mixed precipitates with phosphate and DOM. FeOOH also has high surface
activity, which makes it likely that DOM sorbs to the FeOOH surface. Reductive dissolution of the FeOOH phase
would release coprecipitated phosphate as well as DOM. The DOC concentration variations in overlying water of
the anoxic mesocosms matched the concentration variations of dissolved iron, and indicate that FeOOH
dissolution released DOC and Fe2+. The Fe2+ concentration decrease after day 13 in the anoxic mesocosms was
probably caused by precipitation of a reduced iron mineral phase. It is likely that this reduced phase was an iron-
phosphate mineral, such as vivianite. The precipitation of vivianite would also explain the delay (release of iron
on day 7, release of phosphates on day 13, fig. 2) in the release of phosphates in the anoxic incubation.

Under anoxic conditions, Mn2+ was released earlier than Fe2+, and stayed in solution for the remainder of the
incubation (Fig. 3). This behavior can be explained by the higher electron activity or redox potential of the
manganese reduction relative to the iron reduction, and by a slower oxidation rate of Mn (I1) with respect to the
Fe (II) oxidation rate.

In the oxic mesocosms, the manganese concentration variation was quite different from that of iron. Mn2+
precipitated under oxic conditions, probably as MnQO?2. Iron kept a steady concentration during the incubation

under oxic conditions.

The major, commonly accepted, electron acceptors for biogenic decomposition of organic matter in marine
sediments are listed in Table I. A sequential occurrence is expected as a function of the redox potential and the
different microbiological successions. The products of decomposition of organic matter build up in the sediment
and are released with different magnitudes to the overlying water.
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In the upper few oxic centimeters of the sediment, the major decomposition pathway is aerobic respiration. In the
oxic chambers, this process was identified by nitrate release and nitrification of ammonia released from the
sediment (Fig. 2).

Under anoxic conditions, product release rates increased by several orders of magnitude (Fig. 2) as evidenced by
the large ammonia release from sediment to overlying water (Fig. 2) during anoxic conditions. In addition, nitrate
reduction and denitrification can be inferred from the decrease in nitrate and nitrite concentrations once oxygen
is depleted (Fig 2). Reduction of iron and manganese oxides is responsible for the release of Fe2+ and Mn2+
under anoxic conditions. Mn reduction occurs first and is followed by iron reduction and a subsequent release of
phosphates. Since we did not determine sulfide concentrations sulfate reduction could not be identified, but must
certainly have occurred.

L Table 1. Sequence of Progressive Reduction
Aerobic respiration 1 {CH20} + O2 = COz + H20 +HNO3 +H3POs4 1 AG°®=-29.9
Denitrification {CH20} + NO3 + H+ = CO2 + N2 + H20 T AG°=-28.4 W
Nitrate reduction {CH20} + NO3 + H* = CO; + NH4+ + H20 AG°=-19.6
Manganese reduction {CH20} + MnOy(s) + Ht = COz + Mn2+ + H;0 AG°=-23.9
Iron reduction {CH20} + FeOOH(s) + 2H+ = CO2 + Fe2+ + H2O AG°=-99
Fermentation {CH20} + H20 = CO; + CH30H AG°=-6.4
Sulfate reduction {CH20} + SO42- + H* = CO2 + HS- + H,0 AG°=-59
Methane fermentation {CH20} = CO; + CHs AG°=-5.6
CONCLUSION

Increases in the concentrations of a sequence of redox-reaction products were observed in the mesocosms.
Anoxic conditions at the sediment surface caused release of inorganic nutrients, DOM, iron, and manganese to
the overlying water. There appeared to be a preferential release of N-containing compounds, such as ammonia
and DON, from anoxic sediment to overlying water. Many coastal areas are N-limited, and our data show that
anoxic conditions may increase the importance of sediment as an N-source. Anoxia in coastal waters is often
caused by eutrophication and may be further exasperated by N-release from anoxic sediments, possibly indicating
a positive feedback loop. This is particularly important in areas, such as Long Island Sound, where regions of
seasonal anoxia have been found.
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Fig.2. Average of dissolved iron (Fe’') concentration, phosphates concentration, and
dissolved manganese (Mn’") concentration for oxic and anoxic chambers.
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Nitrate Chamber Experiment
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Fig.3. Average of nitrate concentration, nitrite concentration, and ammonia concentration
for oxic and anoxic chambers.

Long Island Sound Research Conference Proceedings 2004 17



18 Long Island Sound Research Conference Proceedings 2004



Observations on the Effects of Recurring Deposition and Resuspension
, — Cycles and the Stability of Bottom Cohesive Sediments

W. Frank Bohlen, M.M. Howard-Strobel and D.R. Cohen
University of Connecticut. Department of Marine Sciences.Avery Point.Groton, Connecticut 06340

Bohlen@UCONN.edu
ABSTRACT

Field measurements of suspended sediment concentrations, current and wave energy, and the physical
characteristics of bottom sediments within nearshore areas adjoining Branford, Connecticut have shown that
despite frequent resuspension and deposition due to aperiodic high energy events the bottom sediments can be
characterized as relatively “tough” or stable with low water content. Similar behavior has previously been shown
to occur in laboratory studies (Sills, et.al., 2003) where the density of bottom sediments progressively increased
following a series of resuspension/deposition cycles. Comparisons with data obtained in a lower energy setting
with similar sediment grain size characteristics indicate higher water content in the lower energy regime. We
propose that sediment stability or bottom fabric is ultimately determined by the frequency of resuspension/
deposition characteristic of a given area. The observations on which this is based imply that relative water content
may serve as a proxy for the assessment of the stability of cohesive sediment deposits. In addition, the data
indicate that any significant disturbance of the bottom such as mechanical cut and fill operations will be unstable
until a sufficient number of resuspension/deposition cycles have occurred to reestablish the fabric of the sediment
column.

INTRODUCTION

The character and stability of the sediment column in coastal and estuarine waters is governed by a variety of
factors including composition, grain size, infaunal biological activity, degree of consolidation, and stress history.
The combination ultimately determines the quality of the deposit as a biological habitat and the role of the bed as
a sink or a source within the regional sediment transport regime. Despite this importance, assessments of the
factors governing sediment column formation and fabric have been limited by the paucity of field data providing
concurrent measurements of interfacial dynamics and the associated deposit response. Such studies require time-
series observations of flow and sedimentation characteristics over a time sufficient to provide a number of
resuspension/deposition cycles due to both average ambient and aperiodic high energy transport events and to
allow measurable deposition/erosion to occur. In temperate latitudes displaying evident seasonal cycles in such
factors as water temperature and streamflows satisfaction of these criteria typically require a minimum of twelve
months of observations obtained at a frequency greater than 2 observations per hour.

In the fall of 2001 a field investigation of the sediment transport regime along a portion of the nearshore
adjoining Branford, Connecticut (Fig.1) was initiated. As part of this study two instrumentation arrays were
deployed to monitor wind wave and tidal current characteristics and the associated suspended material
concentrations. The implications of the data obtained by this investigation relative to the fabric of the local
sediment column are the subject of this paper.

METHODS AND PROCEDURES
The analysis of the sediment transport regime in the area to the west of the Thimble Islands (Fig.1) employed a

combination of moored instrumentation, to provide time series observations of hydrography and concurrent
suspended material concentrations, shipboard observations, to provide increased spatial coverage, and laboratory
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analyses of recovered water and sediment samples. Two instrument arrays were deployed within the Connecticut
nearshore in September, 2001 (Fig. 1). Each array contained a suite of instrumentation to detail , water
temperature and conductivity and suspended material concentrations(using an optical backscattering probe with
output calibrated using sediment obtained from the study area) at two points on the vertical, near surface and
near bottom. In addition, each array contained a near bottom current meter, and a sensor to monitor tidal height
and, higher frequency, surface wave conditions. The majority of the sensors were programmed to be burst
sampled four (4) times each hour. The wave gage was sampled once every three (3) hours. All data were
internally recorded for downloading during array servicing. The arrays were maintained on station for a period
of thirteen months.

The time series observations were supplemented by aperiodic shipboard surveys of water temperature,
conductivity and suspended material concentrations at a network of stations (Fig.1). Nine surveys of these
stations were conducted during the course of the thirteen month study. On four (4) of these surveys core samples
of the upper 1 foot (30cm) of the sediment column were obtained by divers. The variety of samples obtained
during these surveys were returned to the laboratory for analysis.

The sediment core samples were extruded and sectioned to provide cm resolution over the vertical. A portion of
each section was used in the determination of water content, bulk density, and weight loss on ignition. On two
occasions (February, 2002 and September, 2002) the remainder of each section was retained for selected
radionuclide analysis. Percent water content was estimated by wet weighing, drying at 70°C for 24-48 hr and
re-weighing. The dried samples were combusted at S50°C for 0.5hr and re-weighed to determine weight loss

on ignition, a measure of the percentage of combustible organics in each sediment sample. This combination of
data was used to calculate bulk density for each segment.

By-weight suspended material concentrations in each sample were determined by vacuum filtration through
dried and pre-weighed Nuclepore filters (47 mm dia - 0.45: pore size) mounted in standard Millipore apparatus.
The laboratory data provided a continuing check on the performance of the moored instruments and a basis for
re-calibration, if necessary.

RESULTS AND CONCLUSIONS

The time series observations of hydrography and suspended material concentrations indicate that sediment
transport in the study area is dominated by the surface wave field which serves to aperiodically resuspend
deposited materials increasing the mass of sediment in suspension to concentrations in excess of 300 mg/1 at
the inshore nearbottom (Fig.2). In the absence of wave induced stress, concentrations fall to less than 10 mg/1
with time-series data providing no indication of a sensitivity to the ambient tidal flows. The observed response
indicates that the primary role of the tidal currents in the area is to transport wave resuspended materials.

Despite the frequency and magnitude of wave induced resuspension in the study area the radionuclide data
indicate long term average deposition rates ranging from 2.5 to 7.5 mm/yr. These values equal or exceed those
observed in lower energy wetlands and inshore waters in the area (Nydick, et.al., 1995). Analyses of the physical
characteristics of sediments found within the upper 20cm of the sediment column (Table 1) indicate that the
materials are primarily fine grained silts containing a variety of organic detritus and shell hash and minimal
sands. Samples obtained by divers showed a high degree of consolidation and displayed no tendency to flow

in the absence of lateral constraints. Laboratory analyses indicated water contents ranging from a low of
approximately 37% to a high of 67% (Table 1). Associated bulk densities ranged from near-surface values
(0-1em) of 1.23 gm/cc to 1.59 gm/cc at depth (14-17cm). Analyses indicated that these values displayed only
minor seasonal variability despite active bioturbation.
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DISCUSSION

~—"The fact that long term deposition rates in the study area are relatively high despite active recycling of materials
along the sediment-water interface appears to be the result of consolidation and binding of the fine grained
materials under the effects of high shear stresses induced by the energetic wave field. The combination favors an
increase in sediment column density and subsequent resistance to erosion resulting in relatively high stability
despite the fine grained nature of the deposit. Such increases in density following an erosion/deposition cycle
have previously been observed in the laboratory (Fig. 3). If the mass of laboratory materials shown this figure
was allowed to accrete at some finite rate, exposure to a continuing cycle of erosion/deposition might be
expected to produce a column of sediment with bulk density values ranging from approximately 1.225 gm/cc at
the surface to 1.325 gm/cc at depth. Overburden would further increase the densities at depth yielding a
distribution that very closely approximates that observed in the study area.

In addition to affecting bulk density, cyclic erosion and deposition also favors a decrease in sediment column
water content. When compared to cores of similar sediments obtained in a relatively low energy bayou in
Louisiana (Bohlen, et.al.,1999) the materials found in the study area display evidently lower water content.
Values in the bayou range from approximately 65% to 76% and sediments flow freely when unsupported. The
water contents of the sediments within the Connecticut nearshore are significantly lower with values approaching
those found in sands or deep within consolidated fine grained sediment deposits. The occurrence of the low
water content values within less than Scm of the sediment water interface is indicative of a rapid rate of
consolidation induced by the cyclic working of sediments by the wind wave associated stress field. There
appears to be no other explanation for these characteristics. Biologically mediated factors produced by infaunal
burrowing might contribute some degree of binding and stabilization through the production of mucal
polysaccharides but such activity could not be expected to lead to reductions in water content. In fact, burrowing
might rather increase water content through irrigation.

The observed characteristics of the sediment column produced in the presence of an energetic wave field suggest
that mechanical cut and fill operations, such as construction related excavation and subsequent infilling,
conducted in such areas may find it difficult to re-establish pre-project condition s if filling makes use of the
same sediment type. Simple one-time placement of fine-grained sediments as fill will tend to produce a deposit
which is subject to mass erosion when exposed to aperiodic high levels of shear stress. It will be only after
several of these cycles that the deposit will experience consolidation sufficient to increase bulk density and the
associated erosion resistance. Some of this mass erosion may be avoided by sequential placement of fill over a
period of time rather than as a one-time filling operation. The length of this process needed to insure stability
might be specified analytically using the combination of expected wave climate and sediment characteristics.
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Table 1.

Sediment Core Analyses - October, 2001
Branford, Connecticut Study Area

islander East Cores Octaber, 2001 Physical Analysis

% Water

57.95
52.62
54.39
54.82
53.32
51.68
45.71
40.48
38.07
37.71

66.71
52.33
53.20
42.08
38.86
39.77
39.66
52.40
54 82
47.81
43.04

65.36
67.00
5210
46.03
52.77
48.97
4175
51.83
49.75
56.92
53.34

58.78
56.97
57.43
52.84
4767
47.94
45.60
48.98
51.45
49.86
51.76

Sed
Post Comb

9.70

1127
10.55
10.65
10.92
11.50
14.34
16.40
1743
17.58

6.72

11.38
11.47
15.57
16.24
15.71
16.04
11.29
10.70
13.09
14.26

7.58

6.80

11.47
14.19
11.44
1282
15.98
11.61
12.37
963

10.89

9.57

9.97

9.80

11.68
12.64
12.55
13.81
11.95
11.64
12.32
11.37

Sampie Sed Wet Sed Dry
Core 1
0-1em | 24.40 10.26
1-2cm | 25.01 11.85
2-3cm 24.40 11.13
34cm 2492 11.26
4-5cm | 2472 11.54
57cm 25.04 12.10
7-9cm 27.52 14.94
9-11cem 2848 16.95
11-14 cm 29.05 17.99
14-17 cm _ 2917 18.17
Core 2
0-1em | 21.75 7.24
1-2cm | 2513 11.98
2-3cm | 25.81 12.08
34cm | 27.83 16.12
4-5¢cm | 27.46 16.79
57cm 27.03 16.28
79cm 27.51 16.60
9-11cm | 25.02 11.91
11-14 cm 25.10 11.34
14-17 cm | 26.25 13.70
17-20cm | 26.09 14.86
Core 3
0-1cm | 23.27 8.06
1-2em 21.91 7.23
2-3em | 2495 11.95
34cm | 27.11 14.63
4-5cm 2530 11.95
5-7cm 26.30 13.42
79¢em 28.19 16.42
9-11cem 2520 12.14
11-14cm 2573 12.93
14-17 cm | 23.63 10.18
17-20cm | 24.67 11.51
Core 4
0-1cm _ 24.48 10.09
1-2¢em | 24.45 10.52
2-3cm 2429 10.34
34cm | 26.04 12.28
4-5cm 2528 13.23
57¢cm | 25.24 13.14
79cm 26.47 14.40
9-11cm 2454 12.52
11-14cm 25.19 12.23
14-17 cm | 2585 12.96
17-20cm | 2471 11.92
Islander East cores October, 2001.
All weights in grams.
% Water = ({(sed wet - sed dry) / sed wet) * 100
Bulk Density (g/cc) = 260 / 100 + 1.6 (% water + % loss on ignition)

% Loss

230
232
2.38
245
251
240
218
1.93
1.93
202

239
239
2.36
1.98
2.00
21
204
2.48
255
232
230

2.06
1.96
1.92
1.62
2.02
1.90
1.56
210
218
233
251

212
225
222
2.30
233
234
223
232
234
248
223

% Loss: % Loss on ignition = (100 - %water) * (sed dry - sed post combustion) / sed dry

Bulk Density

1.32
1.38
1.36
1.36
1.37
1.39
147
1.55
1.58
1.58

1.23
1.39
1.38
1.53
157
1.56
1.56
1.38
1.36
1.44
1.51

125
1.24
1.39
1.48
1.39
143
1.54
1.40
1.42
1.33
1.37

1.32
1.33
1.33
1.38
1.44
1.44
1.47
1.43
1.40
1.42
1.40
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Figure 1. Study Area

Long Island Sound Research Conference Proceedings 2004

% @,
»
‘*“"‘f‘:’k‘f ;
) ¥ “ mru ,. ¥ 7*?‘?
; lﬁ,s 2 2 o,
a - Lo s Inshore Array
-t 1% oo, 18
) % i3 13 K :'I’h—& Rhs
o
-] Ml o Holk 14 e G s»
1 [ f 2 s
3 % 1§ "
P % %5 .’ e " Y
8 ; s 3 [ty
7 s ) o e « W
" « 7 st Pooging Besh ! .
ir e Y 7 R
18 2 s W 12
18; 18} L) a > ks - S
1% 1% 18y
It “
. % 57 9
2 0 0 # . W
14 2t Commander Rovks
- 1e “ o ) ® 5 ]
i . . ]
: L 3 & 6 PR St '
2 7 .o B 2
n (4 2 2 g 2 b it ® e
LA - 24
I LA L 2
b2 2 ] . .
ey Bk 9 ¢ (, @ ® water sampling station
& ” = ) “ 1 5 & sediment coring station| 7'
! Offshore .
3 45 & =~ 29
Arrays 34 ’ 5 52 w
* - 2 T 3¢ i ¢
= 9 3 Haraton Keré' P
= o P wo b s om o
-72.795 -72.785 -72.775 -72.765 -72.755 -72.745

23



24

100
75
50
25

0

400

300

200

100

mg/L

mg/l

40

cm/s

20

50
40
30
20
10

mg/l

200
150
100

50

cm/s mg/l

meters

Inshore SFC SMC

Inshore BTM SMC

Inshore BTM Current Speed

offshore

= - e T inshore

-
~

FLOOD FLOOD

FLOOD FLOOD FLOOD FLOOD

10/1 10/18

10/19

Figure 2. The Relationship(s) Between Tidal Current, Significant Wave Height and SMC - October, 2001

Branford, Connecticut Study Area

Long Island Sound Research Conference Proceedings 2004



027
E 0.15 1
£ | Density as placed,  pensity after
:g:) 0.1 x > erosion \
0.05 1
0 T T T T T T !

095 1 105 11 115 12 125 13 135
Density, Mglm3

Figure 3. Laboratory Data Showing Changing Bulk Density Following
Erosion/Deposition Cycling (from: Sills, et al., 2003).

Long Island Sound Research Conference Proceedings 2004 25



26 Long Island Sound Research Conference Proceedings 2004



Disagreements about timing of events (e.g., draining of Lake Hitchcock by Stone et al. 2005 versus Rittenour et

al., 2000) and assumptions about timing of glacial rebound suggest that the time frame of the post-glacial events
is not yet rigorously defined. To address this, we dated the onset of the marine transgression in LIS with targeted
radiocarbon dates on material from LIS sediment core LISAT12.

METHODS AND MATERIALS

In 1984, R.S. Lewis and co-workers collected 13 vibracores in LIS using the RV Atlantic Twin, and described the
core lithologies (Thomas, 1989). Core LISAT12 was obtained near the Long Island coast to the southwest of the
mouth of the Connecticut River (41007.70°N, 72028.80°W; point 25, map 2784, Stone et al., 2005) at a water
depth of 37 m. We took 40 samples from core LISAT12 (curated at the Woods Hole Oceanographic Institution),
and submitted material from 8 depth intervals for radiocarbon dating at NOSAMS, WHOI. We submitted
mollusk (carbonate) shell fragments from all 8 samples. From 5 samples we also submitted hand-picked
macrofloral remains, small twigs and leaf fragments, which are abundant in these sediments.

The level of the marine transgression in core LISAT12 is indicated by red, varved lake beds from Glacial Lake
Connecticut overlain by grey sands and silts with abundant oysters (Crassostrea virginica; Szak 1987). The
transgression interface is deformed as a result of coring, sloping between 540 and 562 cm depth-in-core, giving

a mean depth of the marine transgressive interface of ~ 42.5 m below modern mean sea level, close to the
maximum reported depth of the main transgressive interface (Stone et al., 2005). The sedimentary environment at
550-350 cm depth in the core is interpreted as intertidal to shallow subtidal, with abundant oysters, foraminifera
and diatoms (Szak, 1987). Marine silt is present from 350 to 150 ¢m depth, and the upper 150 cm is coarser-
grained, containing common eroded foraminifera and mollusk shell fragments. This upper section is interpreted
as reworked, possibly sand-wave facies material (Fenster, 1995), as present in the modern environment near the
LISAT12 coring site (Knebel et al., 1999).

The results for 14C measured by AMS were corrected for the measured 813C values. Mollusk (carbonate) data
have been calibrated with the 1998 marine data set of the CALIB program, version 4.3 (Stuiver et al., 1993,
1998), using the standard 450 year marine reservoir effect. Our work on LIS 14C ages (last 150 years of LIS
history) indicates that this is a reasonable approximation for LIS, although variations of + several 100 years exist
(Groner, 2004). The 14C ages of macrophytes were calibrated with CALIB using the 1998 atmospheric decadal
data set (Stuiver et al. 1993, 1998). The ages reported here are our best estimate means when multiple age
calibrations occurred, and a detailed error analysis will be presented elsewhere. The currently accepted age of the
LIS marine transgression (12,455 14C years BP) is based on a 14C date from a depth of 487 cm in core LISAT12
(Stone et al., 2005). This sample was ‘bulk organic material including shells’ (verbatim Stone et al., 2005, p. 65;
radiocarbon date GX-18094, Krueger labs), but the Krueger laboratory report states that carbonate was dissolved
prior to analysis. We calibrated this datum point with the 1998 atmospheric decadal data set and will discuss it as
an organic matter age.

RESULTS

The data (Table 1) show an age profile through the marine section of core LISAT12 from 69 cm to 540 cm depth.
The carbonate ages show a smooth, curvilinear relation between calendar age and depth-in-core (Figure 1). The
14C ages from terrestrial macrophytes are all substantially older than the carbonate ages from the same samples,
with differences of 1400 to 3300 years, except for the sample at 239 cm, where the organic carbon and carbonate
ages are very close. We fitted a polynomial to the age-depth carbonate data points and obtained a ‘virtual
carbonate age’ for sample GX-18094 (Stone et al., 2005) of 9767 BP, with a corresponding calibrated 14C age of
the bulk organic matter of 14,722 calendar years BP, a difference of ~5000 years.

The mollusk ages have an error of + several 100 years as a result of the uncertainty in the 14C reservoir and
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errors in the 14C determination (+/- 50 to 75 years) as well as the usual calibration uncertainty. Nonetheless, this
total error is substantially smaller than the differences with the calibrated 14C ages from coexisting terrestrial
organic matter (thousands of years). The abundant wood and leaf fragments in the marine silts are substantially
older than the associated carbonate ages, and the radiocarbon age data set from bulk organic matter of several
LISAT cores (Lewis, unpublished data) shows a very poor correlation between age and depth-in-core. We
therefore argue that macrophyte organic carbon ages represent the time that plants died, and not of sedimentation
in LIS: the wood fragments must have resided in soils or periglacial lake sediments on land for several 1000
years prior to arrival in LIS (see also Ridge, 2003). The sample at 239 cm depth is unusual with its concordant
ages, and supposedly this organic matter was transported rapidly to LIS after plant die off. Bulk organic matter in
the marine sediment and varved lake beds also contains abundant terrestrial plant debris and likewise gives the
age of formation of the original organic matter. An event chronology based on such 14C ages provides a history
that may be several 1000 years too old.

DISCUSSION

Our carbonate 14C ages provide a new look at the Holocene history of LIS, indicating that the marine
transgression at the site of core LISAT12 occurred only at about 10,000 calendar years BP, much later than
previously proposed (14,000 - 16,000 calendar years BP, Stone et al., 2005). The ages of several other post-
glacial events are also not well constrained (e.g., the draining of Glacial Lake Connecticut, the timing of isostatic
rebound, the draining of Lake Hitchcock), and the late Pleistocene-Holocene history of LIS may have to be
reconsidered (Figure 2).

We assume that Glacial Lake Connecticut started to form at about 20,000 calendar years BP and Lake Hitchcock
started to form at 19,100 calendar years BP (Ridge, 2003). Varve counts in sediments recovered in vibracores
from LIS (Szak, 1987: Reimer, 1986) combined with the thickness of lake beds (> 150 m, Stone et al., 2005)
suggest that Glacial Lake Connecticut persisted for 3500-6500 years, depending on varve thickness variations
between cores. The lake thus must have drained between 16,500 and 13,500 calendar years BP, a range
overlapping with the age of draining of Lake Hitchcock (14,100 calendar years, Ridge, 2003). We speculate that,
if Lake Hitchcock drained catastrophically, the flood may have led to the failure of the barrier retaining Glacial
Lake Connecticut, with both lakes draining into the Atlantic Ocean almost simultaneously (around 14,000
calendar years BP). LIS was then dry for about 4000 years, which period included the cold and windy Younger
Dryas interval (12,800 to 11,500 calendar years BP). During the Younger Dryas and till the time of inundation,
the dry bottom of LIS may have been one of the source areas for e.g., the Windwood loess deposits on Long
Island (Kundic and Hanson, 2003) that cover an age of 14,000 to 8500 calendar years BP.

The ocean invaded LIS starting at ~10,000 calendar years BP, possibly coinciding with melt water pulse 1b of
Fairbanks et al. (1992), rather than with the older melt water pulse 1a as proposed by Stone et al. (2005). The
sedimentary record of core LISAT12 indicates that the core site remained in the inter-tidal to shallow sub-tidal
flat environment for about 1000 years (Szak, 1987), with the sedimentation rate roughly equal to the rate of
relative sea level rise (about 0.5 cm/yr). This sequence may record the last stages of meltwater pulse 1b. The rate
of isostatic rebound at this time is not exactly known; it may have been positive with limited variation over these
1000 years (Stone et al., 2005), so that true rates of sea level rise were probably higher than the estimated
sedimentation rate in this core (see Fairbanks et al., 1992).

CONCLUSIONS
Over the last 20,000 years, the glacial ice sheet retreated, and lakes, including Glacial Lake Connecticut formed,
followed by draining of the lake and the formation of a dry basin, followed by marine transgression and

formation of modern LIS. We argue that the timing of these consecutive events should be revised, based on the
new 14C dates on carbonate from core LISAT12 in eastern LIS, because the 14C ages derived from terrestrial
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organic matter in marine LIS sediments are up to 5000 years too old. We explain these discrepancies as a result
of intermediate-term storage of terrestrial organic material in lake deposits or soils, and subsequent re-
sedimentation in LIS. We speculate that the sudden drainage of Lake Hitchcock around 14,100 calendar years
BP might have triggered the drainage of Glacial Lake Connecticut. The LIS basin was then dry for a 4000 year
period that included the Younger Dryas, and may have served as a sediment source for loess deposits in
Connecticut and Long Island. We date the marine incursion at 10,000 calendar years BP, which most likely
coincided with melt-water pulse 1b of Fairbanks et al. (1992), occurring at a time when LIS was still
experiencing glacial rebound.
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