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ABSTRACT

This thesis considers two separate problems: 1) taphonomic alterations in marsh
foraminifera and 2) foraminiferal responses to a variety of industrial and domestic
activities. The field areas were centered in two locations; Chezzetcook Inlet, Nova
Scotia, and New Bedford Harbor, Massachusetts.

Marsh foraminiferal distributions from cores collected seasonally for a year at 4
sites along Chezzetcook Inlet, Nova Scotia suggest that living foraminifera do not
migrate vertically within the core and that infaunal species do not affect the total
population downcore. Also, there appears to be little to no taphonomic alteration of
marsh foraminifera within these cores. The total species composition at the surface was
very similar to that in the subsurface. There seemed to be little evidence that infaunal
habitat or taphonomic biasing affected the total assemblage downcore in replotted data
from Nanaimo, British Columbia; it appears that there are environmental changes and is
amplified by coincident lithology changes. Assemblage changes throughout the core
appear to be the result of changes in environmental conditions at the time of deposition.
Consequently, the top 1 cm of these cores is a representative aliquot and accurately
reflects environmental conditions occurring at the time of deposition.

New Bedford Harbor has been affected by intense industrial activities over the
last 50 to 60 years. This has led to heavy metal, PAH, PCB, and organic enrichment
contamination of sediments. Foraminiferal distributions in surficial samples showed
recovery in the lower part of the harbor as well as in some parts of the Upper Harbor
where contamination of sediments was at its worst. The return of calcareous species such
as Haynesina orbiculare and Elphidium spp. suggests recovery of the environment.
Deformities of tests in foraminifera occurred in cores where PCB concentrations were
highest suggesting that foraminifera are responding to increased levels of contamination.
As concentrations of pollutants decreased toward the top of the core, deformities
decreased to almost zero. The various foraminiferal responses reinforce the fact that
foraminiferal assemblages are useful in detecting pollution changes through time and
they can be applied to just about any marginal marine setting which makes them an
excellent cost-effective tool as biomonitors for industrial and municipal pollution.
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CHAPTERI
INTRODUCTION

1.1 General Introduction- Marsh Taphonomic/Seasonal Studies

Benthic foraminifera are one-celled protists that form an external skeleton (test)
composed of several types of material, i.e., cemented debris particles (agglutinated),
calcareous, and porcelaneous (Loeblich and Tappan, 1964). The ecology of marsh
foraminifera has been extensively studied along the coasts of North America since the
early work of Phleger and Walton (1950) in Barnstable Harbor, Massachusetts. Since
that time, many studies have documented the distributional patterns of foraminifera
relating them to a number of varying physical parameters such as salinity (Parker and
Athearn, 1959; Murray, 1971; Scott and Medioli, 1980a; de Rijk, 1995), temperature
(Scott and Medioli, 1986 ), geographic region (Scott et al., 1990) and pH (Phleger and
Bradshaw, 1966). Scott (1976a) and Scott and Medioli (1978, 1980a) documented in
Chezzetcook Inlet (Nova Scotia) and Tiajuana Lagoon (California), that vertical zonation
of marsh foraminiferal assemblages are well defined and the limits of the zones are
controlled principally by the elevation in relation to mean sea level. They reported that
although floral assemblage distributions may vary, the relationship between foraminiferal
assemblages and elevation above sea level remain fairly constant. Since the studies by
Scott and Me.dioli (1978; 1980a) were published, vertical zonations of foraminifera
within salt marshes have been well documented in many parts of the world, for example:
in South Carolina (Collins, 1996, Collins et al., 1995), British Columbia (Patterson,
1990), and the Texas Gulf Coast (Williams, 1994) and subjected to rigorous statistical
treatment (Horton, 1999). However, De Rijk (1995) found a stronger correlation with
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salinity, rather than elevation to explain foraminiferal distributions in the high marsh
zone of the Great Marshes of Massachusetts and concluded that no single model of
foraminiferal distributions in marshes can be applied ubiquitously. Considering,
however, that only the high marsh zone was examined in her study, the validity and
significance of her results are questionable.

Modem distributions of salt marsh foraminifera are successfully utilized for
comparison with those of fossil foraminifera in many paleoenvironmental interpretations
(e.g. sea-level changes, paleo-seismic events). With Rose Bengal staining techniques
used by Walton (1952), seasonal distributions of living salt marsh foraminifera have been
described (e.g. Matera and Lee, 1972; Buzas, 1974; Scott and Medioli, 1980b).
Preservation of foraminiferal tests (or lack thereof) must be taken into account because it
may be affected by taphonomic processes, i.e., test dissolution, bacterial degradation of
cements (Murray, 1973). Infaunal habitats and taphonomic effects may be related in the
fossil foraminiferal distributions (Goldstein and Watkins, 1998; Ozarko et al., 1997,
Jonasson and Patterson, 1992; Buzas et al., 1993). All of these studies observed an
overall decrease downcore in both calcareous and agglutinated foraminifera suggesting
poor test preservation potential lending itself to taphonomic biasing. In this thesis,
studies are presented to determine how much taphonomic biasing takes place, to
determine how to compensate for these biases and to make subsurface distributions

reliable and useful.



1.2 Introduction- Pollution Studies

Benthic foraminiferal distributions are affected by a number of ecological
parameters, i.e., biological, chemical, etc., (Murray, 1973). Even in anthropogenically
altered environments, some opportunistic species persist where other organisms such as
molluscs and ostracods might show a barren zone (Schafer et al., 1975). Their tests are
often preserved and as a result, benthic foraminiferal distributions are used as proxies in
assessing impacted marine environments. Since the early work of Bandy et al. (1965)
where the relationship between foraminiferal trends and ocean pollution near the
Hyperion Outfall in Los Angeles were studied, numerous studies have focused on the
effects of various kinds of pollution sources in a wide range of marginal marine
environments (Alve 1995, and references therein). Several workers in this field suggest
that benthic foraminiferal distributions provide one of the most sensitive and inexpensive
markers for indicating deterioration of marginal marine environments. The importance
and significance of foraminifera for environmental applications was emphasized in a
theme issue in Journal of Foraminiferal Research (Scott and Lipps, 1995).

With the ever increasing pressures placed on coastal areas (e.g. rise in population,
increases in pollution), resulting in habitat loss and degradation, new, simpler and less
expensive approaches to coastal zone monitoring are becoming necessary. Many
different methods of monitoring marine environments are known and have been applied
in coastal systems (i.e. chemical analysis, organic loading determination, nutrient inputs,
measurements of pH in both water column and sediments, bioaccumulation in indigenous

organisms (e.g. Lake et al., 1995; Bergen et al., 1993). To properly assess



marsh/estuarine environments, both spatially and temporally, present day baseline
characteristics must be determined from that specific area because assemblages may vary
from one locality to another. Benthic foraminifera are useful biological indicators for
assessing and characterizing coastal environments due to the fact that they live on and in
the substrate, in contact with the surrounding water mass, and react to changes, thereby
recording prevailing conditions at any given time. Foraminiferal tests are readily
preserved in the sediment, thus becoming excellent proxies for paleoenvironmental
interpretations. For these reasons, benthic foraminiferal assemblages are used in this

study.

1.3 Relationship of two major focus areas

The studies of taphonomy and seasonal signals helps to strengthen the usefulness
of all foraminifera as paleoenvironmental indicators. Seasonal vertical migration (if any)
of marsh foraminifera will be documented and the effects infaunal habitats have on total
(live + dead) marsh benthic foraminiferal assemblages in cores collected in Chezzetcook
Inlet (Nova Scotia) will be illustrated. The potential for preservation of foraminiferal
distributions in subsurface sediment from these cores, as it affects the fossilized
assemblage, will also be determined.

These data fit together to strengthen the use of foraminifera as paleo-indicators in
the development of a method to characterize polluted, transitional, and non- polluted
coastal areas using benthic foraminifera. The seasonal focus can then be used to

document the pollution history of New Bedford Harbor (Massachusetts) using benthic



foraminifera as proxies and determine if foraminiferal assemblages reflect responses to
anthropogenic changes (i.e., heavy organic carbon loading, PCB and heavy metal

dumping) (Figure 1.1)

1.4 Study Locations- Chezzetcook

Chezzetcook Inlet is an estuary located along the eastern shore of Nova Scotia and is
approximately seven kilometers in length and two kilometers in width at its widest spot
and hosts extensive intertidal mudflats and salt marsh systems. There is a complex of
channels which cut across the mudflats helping to drain the intertidal areas. The main
channel originates in the East Head of the marsh and continues its way down the estuary
where it empties into a large central area just south of Conrad Island. The basic
morphology of Chezzetcook Inlet has remained relatively intact since 1858 as all the
islands and channels are still present (Atkinson, 1999). Scott (1977) and Scott and
Medioli (1980a) described the physical parameters of the inlet in great detail and these
were assumed to have changed little over the last 20 years. Vertical zonation of the
vegetation is a distinctive characteristic of salt marsh systems and Chezzetcook is no
exception. Spartina patens characterizes high marsh areas while S. alterniflora
characterizes low marsh areas. Chezzetcook Inlet is a relatively pristine estuary affected
only by low density urbanization and not by industrial sources which makes it an ideal

location to investigate foraminiferal assemblages.
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Figure 1.1- Generalized map showing the locations of the two study sites in relation to
each other (modified after the website www.gulf of maine.org/watershed/index.
html on Nov. 6, 2002, 3:30 pm).



1.5 Study locations- New Bedford Harbor

New Bedford Harbor, Massachusetts, is one of the deepest embayments in the
Buzzards Bay System and is divided into the upper, lower, and outer Harbor. The upper
and lower harbor, also known as the Acushnet River estuary, is the largest industrialized
and urbanized harbor on Buzzards Bay. It is a sub-tidal, weakly stratified and partially
mixed estuary. Freshwater input is generally low, causing a net landward movement of
bottom water throughout the year (Summerhayes et al., 1985). It is separated from the
Outer Harbor by a hurricane barrier that was constructed in 1964 to protect the cities and
towns surrounding the area from storm flooding. This barrier has led to restricted tidal
flushing, allowing contaminants to settle in the upper and lower parts of the harbor. The
harbor has been a major manufacturing center and fishing port over the last 300 years and
as a result of this activity, the ecology and marine resources of the harbor have been
severely impacted or altered. In fact, New Bedford Harbor (NBH) was classified as a
United States Environmental Protection Agency (US EPA) Superfund site due to
contamination of marine sediments with polychlorinated biphenyls (PCBs). Currently,
NBH is under recovery and a pilot dredging project was initiated to remove PCB-
contaminated sediments from the harbor. A subsequent monitoring plan was designed
and implemented to determine the biological and chemical effects that this project has
had (Latimer et al., 19975. The outer harbor, located outside the hurricane barrier, is well
flushed and both the water quality and marine sediments are relatively unimpacted. The
hurricane barrier has effectively sheltered the outer harbor from contaminants affecting

the upper and lower harbor, which has allowed for a more focused clean up as well as to



provide a baseline for naturally occurring faunal assemblages that can be used for
comparison to the impacted areas of the harbor. NBH is an ideal area for this study

because its industrial activities have been extensively documented over the past 400 years

(Figure 1.2),

1.6 Previous Work
1.6.1 Foraminiferal Studies - Marshes

The distributional patterns of present day marsh foraminifera from Chezzetcook Inlet
have been described by Scott and Medioli (1978, 1980a,b) and Scott et al., 1977. Those
studies showed that the vertical zonation of foraminiferal assemblages along the marsh
surface were primarily controlled by the elevation in relation to mean sea level and all the
factors controlled by it. However, there is still some argument as to the reliability of
marsh foraminiferal assemblages for paleoecological interpretations. Much of the debate
hinges on the fact that the relationship between the living surface and the total (living
plus dead) populations are not entirely understood. Murray (1973) suggests that only
living populations can be used to determine environmental conditions, equating the use of
total foraminiferal populations to incorporating information on the “graveyard residents
in population statistics on humans” (Murray, 1973, p. 274). Buzas (1968) felt that
observations over longer periods of time must be used to determine the total aspects of a
population and that examination of the living assemblage at any one time did not
accurately represent the environmental conditions on the population. Scott and Medioli

(1980b) investigated both living and total assemblages over a three year period in



1996 New Bedford WWTT Upgrade to Secondary Treatment Complete 2 000
1995 Hot Spot remediation Euds (9/95)

1994 Hot Spot remediation Begins (4/94)
1990 Eelgrass re-established in Clarks Cove

1987 Industrial Pretreatment Program Begins
1980 Abseace of eelgrass from Acushnet River and Clark's Cove

1978 Aecrovox Ceases Use of PCBs in Manufacturing Processes

1978 National Production of PCBs Ends (Monsanto)

1977 Comell Dublier Ceases Production of Capacitors w/ PCBs
1974 New Bedford WWTF Completed (Primary Treatment)

1973 Secondary Peak in National Production of PCBs (Monsanto)

1972 Route 1 195 Bridge Built

1970 Peak in National Production of PCBs (Monsanto)
1969 Faithaven WWTF Completed (secondary treatment)

1965 Hurricane Barrier Completed (Started 1964)
1955 Interceptor Sewer Line Completed (Outfall off Clark's Pr.)

Post-Textile

Textile Period 1850-1940 Period 1940-

1954 Hurricane

1947 Aerovox Corp. First Uses PCBs B
1941 Comell Dublier Begins and Uses PCBs in Production

1940 Eelgrass Found in Limited Areas of Acushnet River & Clark's Cove

\ 1939 Aerovox Corp. Begins

1938 Hurricane
1930 PCBs first Synthesized (National)
1925 Maximum Number of Cotton Mills
1912 Interceptor Sewer Line Started
1910 Acushnet Processing Begins (reprocessing tires) ;
1892 Coggeshall Street Bridge Completed l 900
1880 1 d inputs of acids, metals, petroleum, PAHs, phenols, BOD
1869 Great Gail Destroys New Bedford-Fairhaven Bridge
1869 New Bedford Water Works On-Line

1860 New Bedford r (Later Revere Copper and Brass)
1859 Great Richmond Wilcox Wharf Fire

1857 Peak in Whaling Industry
1855 Extensive Wharfs on West side of NBH (altering circulation)

1852 First Sewers-Drain Directly into Harbor

Whaling Period 1750-190(

\ 1850

1846 Area of New Bedford Commercial Center, 27.9 ki’
1834 50% of Forested Land Cleared

1815 Area of New Bedford Commercial Center, 4.2 km>

1800

1798 First New Bedford-Fairhaven Bridge
1787 New Bedford Incorporated as a Town

1778 British Bum part of New Bedford
1771 3% of Forested Land Cleared for Agriculture

1750 Whaling Begins

1750
1700

1664 Town of Dartmouth Receives Charter
1652 Territory of Dartmouth Conveyed to W. Bradford by Massasoit

Agricultural Period Settiement-1780

1650

1600 Large Stands of Oak Species (also Chestnut, pitch pines)

Figure 1.2- Chronology of the industrial activities of New Bedford Harbor, Massachusetts

(modified from Latimer et al., 1997).
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Chezzetcook Inlet and found a high degree of variability in the living populations and
assemblages of foraminifera. However, the total assemblage did not change significantly
over the same time period because the total population integrated any small scale
seasonal and spatial variations into a definable assemblage. The total population seems
to reliably reflect long term conditions which serve as a good indicator for
paleoenvironmental studies (Scott and Medioli, 1980b).

Several previous studies on salt marsh foraminifera have reported species that live
infaunally (e.g. Akers, 1971; Matera and Lee, 1972). However, the significance of
infaunally-dwelling foraminifera, and to some degree taphonomic effects, have primarily
dealt with deep sea marine sediments (e.g. Corliss, 1985; Corliss and Emerson, 1990,
Loubere, 1989; Denne and Sen Gupta, 1989). Traditionally, modern distributions of
marsh foraminifera have been determined using the top 1 cm of sediment and this interval
has been used as an analog of their fossil distributions. There is debate as to which near
surface aliquot best reflects fossil faunas because of the effects of infaunal habitat and
taphonomic processes on biofacies distribution have not been widely addressed and are
poorly understood. The last decade or so, however, has seen an increase in attempts to
address this problem in marsh environments. In studies of Georgian salt marshes, living
Arenoparrella mexicana were reported down to depths of 30 cm and selective
preservation was suggested to affect both calcareous and agglutinated foraminifera
(Goldstein 1988; Goldstein et al., 1995a; Goldstein and Harben 1993). Jonasson and
Patterson (1992) also found that selective preservation of both agglutinated and

calcareous species of foraminifera exists in subsurface sediments. Goldstein et al
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(1995b) reported that this selective preservation downcore decreased the diversity and
abundance of foraminiferal assemblages and significantly altered fossil faunas which are
different from those at the surface. Goldstein and Harben (1993) suggested that
subsurface death assemblages should be evaluated to increase the accuracy and reliability
of paleo-environmental interpretations. In their study of marsh foraminifera from
Nanaimo, British Columbia, Ozarko et al. (1997) discovered that high marsh faunae lived
slightly deeper infaunally compared to those faunas in the low marsh and that a surface
interval of 10 cm provided a more accurate, less biased modern analog of fossil faunas
which significantly reduced the impact of selective preservation and infaunal habitat.
Goldstein and Watkins (1998) also found that the assessment of the top 10 cm of
sediment rather than the top 1 cm would provide a more accurate baseline for
paleoenvironmental studies. Saffert and Thomas (1998) found that there were no
consistent decreases in diversity and abundance downcore and that this variation in total
abundances reflected in part variations within the populations over time and not simply
by differential preservation of various species. Collins (1996) examined three cores from
a South Carolina marsh to evaluate the living and total assemblages down to 30 cm.
Although he found that certain species lived down to depths of 20 cm and more, the
majority lived in the upper few centimeters. The living population appeared to have little
effect on the total fauna at any one interval within the cores so that the total assemblages
remained unchanged vertically.

Another factor in determining which below surface interval provides the best

analogue for fossil faunas is the possibility of seasonal vertical migration of certain marsh
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foraminifera. Extreme differences in temperatures from one season to the next, which
may cause freezing of the marsh surfaces, may cause certain species to migrate vertically

and this may alter the total population down core. These problems are addressed in this

thesis.

1.6.2 Foraminiferal Studies — Pollution Indicators

Traditionally, foraminifera have been used primarily for stratigraphic and
paleoecological indicators. Their potential for assessing the environmental impact of
industry and urban development on benthic ecosystems has been acknowledged only
recently. Early studies of this nature have dealt with mostly organic waste contamination
(e.g. sewage or pulp and paper mills) but there has been an increase in studies addressing
various kinds of thermal and chemical pollution.

Bandy et al. (1965) investigated the relationship between ocean pollution and
foraminiferal distributions by studying the Los Angeles outfall area (Hyperion) and
mainland shelf of Santa Monica Bay. They discovered marked differences in the
foraminiferal distributions. They found that one or two species of foraminifera were
anywhere from 5 to 50 times more abundant in the Hyperion outfall region than in
unaffected areas of the shelf, whereas away from the outfall source, abundance of these
species decreased while foraminiferal diversity increased. This seems to suggest that
some living species of foraminifera adapt quite easily to conditions at sewage outfalls

which makes them good indicators for this type of pollution (Bandy et al., 1965). Their
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abundance, diverse adaptation, and response to sewage fields near ocean outfalls make
foraminifera ideal for calibrating pollution effects.

The Bandy et al. (1965) study provided a baseline for Stott et al., (1996) who
returned to the same area 30 years later, after recovery had taken place, to determine if
there was a change in the foraminiferal fauna due to a decrease in contamination
concentrations. Stott et al. concluded that foraminiferal populations had shown a marked
improvement around the site with both diversity and abundance returning to almost
normal conditions.

Sieglie (1968) used foraminiferal assemblages as indicators of high organic
carbon content in sediments and polluted waters. Assemblages related to high organic
carbon content in sediments were correlated in species abundance and diversity with
assemblages in sewage outfall areas and concluded that foraminiferal assemblages
provide a powerful tool as biological markers for areas polluted by sewage outfalls. This
relation has been used as an index to the extent of contamination by the discharge of
polluted waters in southern California.

Schafer (1973) suggested that the distribution of benthonic foraminifera is a
useful measure for the effects of effluent discharge on the adjacent marine benthic
environment at Chaleur Bay, New Brunswick. This study incorporated several outfall
sites to provide information on the sensitivity of estuarine species to the various kinds of
effluents (including organic carbon, toxic chemical, and thermal). He discovered that
species diversity generally decreases near outfall areas while species abundance of one or

two opportunistic species increases. The differences in species abundance and diversity
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from unaffected areas to affected areas may serve as an indicator for effluent discharge.
The Elphidium incertum/clavatum group (E. excavatum group in this thesis) generally
dominated the living fauna near sewage outfalls, which may make it a very good
indicator species.

Schafer et al. (1975) investigated the distribution of foraminifera, molluscs, and
ostracods in a moderately polluted part of the Canso Strait. They found that these groups
display relatively high, moderate, and low tolerances respectively to industrial effluents.
Again, stressed environments near pollution sources were characterized by large numbers
of the Elphidium incertum/clavatum group (as above); this was attributed to the group’s
ability to compete successfully and to reproduce in modified or artificial environments.
Also important was the observation that the molluscs and ostracods had much larger
barren zones, meaning that foraminifera can supply higher resolution records of highly
impacted areas.

Ellison et al. (1986) studied trace metal contamination in the Patapsco River and
Baltimore Harbor, Maryland. They suggested that since foraminifera are known to be
responsive to environmental change in other aquatic settings (e.g. Schafer, 1973), and
thus are useful indicators of pollution, their distribution can also be used to document the
pollution history of a particular estuary. Large populations of a few opportunistic species
are good indicators of disturbed marine environments, where they flourish at high and
moderate toxic levels of pollution (Ellison et al., 1986). Consequently, as species
diversity begins to increase as pollution decreases (i.e. away from the source), these

foraminifera mark the extent and level of contamination.



15

Yanko et al. (1994) studied the responses of benthic foraminifera to various
pollution sources along the Mediterranean coast. They found that industrial pollution
such as coal and heavy metals had a deleterious effect upon the foraminifera as evidenced
by the reduced population diversity and density. Deformation, stunting and pyritization
of tests were directly related to trace metal contamination whereas a positive response
occurred in the presence of domestic sewage. The added nutrient supply allowed the
foraminifera to realize their full growth potential. As a result, they suggested that benthic
foraminifera may be useful in detecting anthropogenic pollution as well as natural
organic pollution and provide a wide potential in a variety of fields where the monitoring
of the present marine environment is required

Foraminifera have relatively short life spans (month to year), so they respond
quickly to environmental changes, either natural or anthropogenic. Many tolerant or
opportunistic species benefit from certain types of contamination, directly through
increased nutrition (organic carbon based substances, bacteria, etc.) or indirectly, through
reduced competition and predation (Alve, 1995). This often results in greater than
normal concentrations of certain species. Occasional theratologic tests occur naturally,
but significantly high numbers of them generally indicate polluted conditions. Alve
(1995) also suggested that to assess the impact on the biota, generalized comparisons
between unpolluted and polluted areas might be useful if the areas have homogenous
hydrographical properties. However, each estuary is unique and these parameters often
vary. The historical effects of pollution of an estuary may be gauged by studying the

foraminiferal assemblage changes in dated sediment cores.
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Although there have been no previous distributional studies of Recent
foraminifera in New Bedford Harbor, there have been ecological studies on benthic
foraminifera in adjacent estuaries and sounds. These studies provide a baseline of the
distributional patterns of foraminiferal assemblages in New Bedford Harbor.

In his paper on the foraminifera of Narragansett Bay, Rhode Island, Said (1951)
recorded 55 species of which only 25 were abundant. All foraminifera observed were
benthonic. Elphidium incertum (clavatum) (E. excavatum this study) was by far the most
abundant form. Rotalia beccarii (Ammonia beccarii this study) flourishes in the southern
parts of the bays. Arenaceous forms are few but occur abundantly in gravelly bottoms
and deeper waters. Basically, all foraminiferal species recorded in this area are the
typical fauna characteristic of the areas south of Cape Cod.

Schafer (1968) noted specimens of E. clavatum, E. incertum “complex” (E.
excavatum this study) and B. fridgida were the most abundant forms found in western
Long Island sound and adjacent nearshore waters. Elphidium subarcticum, A. beccarii,
and Eggerella advena also occurred persistently. He suggested that the distributional
patterns of these foraminifera may be due to substrate type, perhaps in accordance with
their respective feeding habits. Water depth may be an important factor in the
distribution of benthic foraminifera as A. beccarii is most abundant between 6- 10 meters.
E. clavatum is abundant everywhere in Long Island Sound as it apparently tolerates

pollution and can survive and reproduce in waters surrounding New York City (Schafer,

1968).
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In her study of benthic foraminifera of the continental shelf from the Gulf of
Maine to Maryland, Parker (1948) found that material sampled in the littoral and sub-
littoral zones was dominated by various species of Elphidium with Rotalia beccarii
(Ammonia beccarii this study) and Eggerella advena present in appreciable quantities.
She also found that samples taken in sand yielded the richest fauna and that the bottom
samples of the littoral zone showed a very high percentage of Elphidium throughout this
area.

Parker (1952a) also studied the distribution of foraminifera in the Long Island
Sound-Buzzards Bay area where she recorded 36 species in the area. She defined three
foraminiferal facies associations in the area. Facies one, consisting of agglutinated forms
such as Ammobaculites dilatatus and A. cf. exiguus, was confined to the Housatonic and
Connecticut Rivers where salinity is lower, Facies 2 and 3 are composed mainly of
calcareous forms and are found in the Long Island Sound, Buzzards Bay, Block Island
Sound, and southwest of Cuttyhunk areas. Faunal associations in and around these areas
include some agglutinated forms as well as the increase in calcareous species such as
Rotalia (Ammonia) beccarii and Elphidium spp. A few species are restricted to either
facies 2 or 3, and the relative abundance of species differs in the two facies. Out of the
36 species that Parker listed from Long Island Sound, 7 were indicated as persistent in
their occurrence.

Lidz (1965) listed Ammonia beccarii, Buccella frigida, and Elphidium spp. as the

most important species found in fine sediments in Nantucket Bay.
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Buzas (1965) found twenty-three species belonging to fifteen genera (all
benthonic) in Long Island Sound. Generally, Elphidium clavatum (E. excavatum f.
clavatum here), E. pauciloculum, E. varium, Buccella frigida, and Eggerella advena
make up about 90 percent of the total foraminiferal fauna. He also showed that the total
and living population patterns were very similar in his transects where the number of
species tended to increase from west to east. The nearshore areas contained the greatest
number of individuals whereas the offshore areas contained far fewer. Buzas found that
E. clavatum was the most abundant in nearshore areas where water depths were less than
20 meters, while E. advena was most abundant in water depths over 20 meters. B. frigida
was abundant at depths between 10-40 meters. Upon careful examination of data, Buzas
determined that particle size had no influence on the numbers of foraminifera in Long
Island Sound. He suggested that the foraminiferal species in Long Island Sound are
selective feeders, and their depth zonation is, therefore, related to the distribution of the
material upon which they feed.

In their study of three type estuaries in eastern Canada, Scott et al. (1980)
developed a framework of estuarine classification based on benthic foraminiferal
distributions which allows for comparison with other studies. In relation to foraminiferal
distributions, three zones were recognized in these estuaries (upper, transitional, and
marginal marine) with the exception of Chezzetcook Inlet in which four zones were
recognized (Figure 1.3). The first zone (upper) is the area in which the riverine
environment is first affected by marine processes, as a river comes in contact with the

marine influence. Thecamoebians and agglutinated forms (including marsh species)
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characterize this zone. Miliammina fusca and Ammobaculites dilatatus are the more
common species. The transitional zone is characterized by an increase in calcareous
forms such as Elphidium williamsoni, E. excavatum, and Ammonia beccarii. An
agglutinated form, Eggerella advena, as well as Haynesina orbiculare (a calcareous
form) also increase. The marginal marine zone is characterized by the dominance of
open ocean species (Elphidium spp., H. orbiculare, and Buccella frigida) and the
disappearance of agglutinated forms. A. beccarii is characteristic of the intertidal areas of
the Maritimes and has been shown to require warm temperatures to reproduce (~15-
23°C) (Bradshaw, 1957, 1961). The availability of CaCO; increases with higher
salinities and temperatures and as a result, the lower latitudes are dominated by

calcareous species (Greiner, 1970).

1.6.3 Sediment Chemistry Studies

There have been many studies on sediment contamination in NBH either through
direct examination of sediments or by measurements of bioaccumulation in indigenous
organisms. The construction of the hurricane barrier in 1964-66 led to increased siltation
of the harbor with sediment enriched in organic matter. Apparently, contamination of
bottom sediments with heavy metals is worse here than anywhere else in the United
States and according to Farrington et al. (1983) also one of the most polluted with PCBs.
EPA historical records show that NBH has been used as a discharge point for metal-rich
industrial waste for about 100 years. These findings have led others to study the

sediments of NBH to follow their course through the estuarine system.
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Summerhayes et al. (1985) studied sedimentation and waste dispersal in the
estuary of the River Acushnet, which discharges into the upper part of the estuary. They
found that the Acushnet estuary is a sediment trap that is gradually being filled with
dominantly silt and clay fractions. The sediments of the harbor and of the approaches
near Clark’s Point are unusually rich in organic matter because of the discharge of
sewage into the sea at these places. Large amounts of metal have been discharged
(through runoff, sewage, and dumped) into the harbor, including mainly Cu, Cr, Pb, and
Zn, with lesser amounts of other metals. The various metals rapidly become part of the
bottom sediment, particularly the clay fraction. Most of the metals have stayed in the
harbor and they combine to form more than one percent of the sediment. These metals
occur as finely divided solids, as adsorbed phases and as organometallic complexes,
mostly in the clay fraction, so they tend to be distributed in the same way as the clay.
These metals are transported out of the harbor with the clay fraction and show an
exponential decrease into Buzzards Bay (Summerhayes et al., 1985).

Weaver (1984) found that the sediments underlying NBH contained elevated
levels of PCBs. Testing revealed that two industrial operations were discharging
wastewater containing PCBs. Both the direct discharge of contaminated water to the
Acushnet River estuary and PCB contamination of the NBH municipal wastewater
treatment facility were identified. Widespread contamination of these areas has resulted
in the accumulation of PCBs in many marine organisms. As a result, thousands of
hectares have been closed to the harvesting of shellfish, finfish, and lobsters. In a status

report on PCB pollution in NBH (Weaver, 1982), contamination extended from the
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northernmost extreme of the Acushnet River estuary to the sediments in the vicinity of
the New Bedford Harbor municipal wastewater outfall. Sediments contained levels up to
19 percent of PCBs and concentrations in the hundreds of thousands ppm were common
in the tidal flats near Aerovox Inc. Elevated levels of PCBs were found in sludge, grit
and effluent from the municipal wastewater treatment plant. PCBs were used in the
manufacture of electronic capacitors during the years 1947-78 in buildings presently
occupied by Aerovox Inc. and Cornell Dubilier. All analyzed soil and sediment samples
collected on the Aerovox property have been found to contain elevated levels of PCBs
(Weaver, 1984). The NBH municipal landfill has been used as a repository for domestic,
commercial, and industrial wastes since the early 1920s. Monitoring for PCBs has not
revealed the presence of any significant groundwater problems in the area of the landfill
(Weaver, 1984).

Bergen et al. (1993) deployed blue mussels to monitor the levels of bioavailable
contaminants during a pilot dredging project in New Bedford Harbor. The purpose was
to quantify PCBs in dissolved and particulate seawater samples collected at four locations
in the harbor and five independent mussel deployments which occurred at two of these
stations during all phases of the project. Their study found a large concentration gradient
of PCB congeners that existed in the seawater of NBH. PCB concentrations in deployed
blue mussels and the dissolved phase of the seawater decreased by the same amount over
the study area. Concentration factor analysis showed that PCB concentrations in mussels
were best modeled as if these compounds had been accumulated from the dissolved phase

of the seawater (Bergen et al., 1993). This relationship was consistent with and similar to
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those previously observed in two laboratory experiments and demonstrated the utility of
the blue mussel for assessing PCB bioavailability, which provides information that is
useful for relating PCB tissue residues with seawater concentrations (Bergen et al., 1993).
These and other studies showed that the sediment in NBH is elevated in many
types of contaminants and, as a result, a pilot dredging operation was initiated to rid the
harbor of some of these contaminated sediments. Subsequently, a multidisciplinary study
by the USEPA was employed to delineate the benthic response to the dredging operation.
Foraminifera were a part of this study and were used to illustrate benthic faunal responses

and to determine if recovery took place after the removal of contaminated sediments.



CHAPTER II

FIELD AND LABORATORY METHODS

2.1 Chezzetcook Field Methods
2.1.1 Seasonal Migration, Preservation Potential, and Taphonomic Processes- Short
Core Collection

Four sampling sites were selected from Chezzetcook Inlet to include the full gradient
of low to high marsh foraminifera described by Scott and Medioli (1980a, b) (Figure 1.1).
Short cores from these four sites were collected over a one year period. Site 1 cores were
collected in October 1996, January 1997, April 1997, June 1997 and September 1997.
Although cores were collected a few meters apart at Site 2, upon examination of the
foraminiferal assemblages, this site was sub-divided into 2a and 2b due to the fact that a
change in the foraminiferal assemblage occurred demonstrating the heterogeneity of
assemblages in marsh sediment. As a result, cores were collected at site 2a in October
1996, and January 1997 and cores at Site 2b were collected in June 1997 and September
1997. Both January and April core collection was impossible due to snow and ice cover
at Site 3 and as a result, cores were collected in October 1996, June 1997, and September
1997. Although a core at site 2a in April was collected, once it was found that the spring
bloom did not occur at this site for April, the core was not examined. Aluminum tubes,
10 cm in diameter and approximately 45 cm in length, were hand pushed into the
sediment at these sites except at site 1 where vegetation was so thick that it caused
compaction. To avoid the problem, a shovel was used to cut a piece of marsh that was
approximately 1 m® and 25 cm deep. The cores were approximately 30 cm in length and

24
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were used to establish seasonal variations, if any, in vertical foraminiferal distributional
patterns. The winter of 1997 was very cold with ice remaining in the marsh well into
March and as a result, the cores collected in June were used to represent spring, while the
September cores represented summer conditions. The vegetation cover was also noted at
each site. Once each core was collected, compaction due to vegetation was measured (at
sites 2a, 2b, and 3) and the cores were capped (except at site 1 where each sample was
placed in a bucket) and transported back to the laboratory at Dalhousie University where
they were subsequently split. One half of each core was archived while the working
section was photographed, described, foraminiferal processing and organic loss on

ignition samples were taken within a day of collection.

2.1.2 Foraminiferal Test Degradation Determination
2.1.2.1 Surface Sample Collection

To quantify foraminiferal test degradation at room temperature over time, surface
samples were collected at the same three sites that the cores were taken. On October 29,
1996, 350 cm® of surface sediment for each site (including a subsurface sample at site 1)
were collected and placed in buckets and allowed to stand at room temperature. On
September 25, 1997, 150 cm® of sediment was collected and placed in resealable bags at
room temperature. Each week, for 15 weeks, 10 cm’ of sediment were taken from each
bag, which were then processed and the bags were then resealed. The sediment that was
collected in buckets was stirred after 10 cm’® of sediment was taken for examination each

week, for 35 weeks. Foraminiferal test abundance and diversity was determined for each



week and the results plotted. The sediment that was collected in bags was used to

represent anaerobic conditions while sediment in the buckets were used to represent

aerobic conditions.

2.1.2.2 1992 Archived Core

As well as surface samples left at room temperature over time, an archived core
from Chezzetcook collected in 1992 near site 1 was used to determine if there was any
foraminiferal test degradation when the core was left at room temperature (20°C). Two
separate intervals (65-80 cm and 175-190 cm) were selected from the core and every
other week, 5 cm® of sediment was processed and foraminiferal assemblages were
determined. This experiment was carried out for 52 weeks. Any decrease in

foraminiferal diversity and/or abundance was noted

2.2 Laboratory Methods

2.2.1 Processing of Foraminifera

26

Once split, short cores were sampled at 1 cm intervals for foraminiferal and organic

matter analysis. Ten cm® of sediment at each interval were taken for foraminiferal
examination. These samples were then washed through a 63um sieve and placed in

sample containers with a buffered formalin solution and Rose Bengal stain and then

allowed to stand overnight. Samples were then washed free of the solution and stain and

preserved in denatured ethanol. Samples were kept in suspended conditions, not dried,

and due to the high organic content of the samples, a wet splitter was used to separate the
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sample into equal aliquots as described by Scott and Hermelin (1993). Foraminifera were
examined and counted in a petri dish using a binocular microscope until at least 300
specimens were counted. These methods follow closely those described in Scott et al.

(2001),

2.2.2 Organic Matter Percentage Analysis

At each interval of the first collection of cores taken in October 1996, a fraction of
sediment was taken for organic matter analysis. The samples were placed in aluminum
pans and dried in an oven at 50 °C. Upon cooling, the samples were crushed with a
ceramic mortar and pestle and weighed. The samples were then placed in a muffle
furnace and roasted for two hours at 400 °C. Once the samples cooled to room

temperature, they were weighed once again and the organic loss on ignition was

determined.

2.2.3 Data Analysis

After the samples were counted, the results were plotted for each core with living
and total plotted separately and foraminiferal assemblages were interpreted graphically as
well as subjected to simple statistical analysis to reinforce these results. The three or four
dominant species of each corewere plotted on a 1:1 plot designed to discover if the

surface sample interval (0-1 cm) was identical to that of the average of the 1-10 cm

interval.
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2.2.4 Replotted Data from Nanaimo, British Columbia

Data from Ozarko et al. (1997) were re-plotted because they had reported that the
examination of foraminiferal faunas from a surface interval of 10cm provided a much
less biased modern analog of fossil faunas used for paleoenvironmental comparison;
however, their plots were based on computer generated “clusters” resulting in many small
and discontinuous marsh zones. The raw data are re-plotted here to make them

comparable with the Chezzetcook data.

2.3 New Bedford Harbor Field Methods
2.3.1 Introduction
All samples collected in NBH were collected by USEPA contractors who were

specially trained in handling contaminated sediments. No collection of sediment was

done by Dalhousie personnel.

2.3.2 Surface Sample Collection

The surface samples were collected from transects in New Bedford Harbor using
different types of grab samplers (van Veen and petit Ponar) deployed from a Boston
whaler. Both the van Veen and petite Ponar samplers are clam-shell dredge samplers that
are lowered in the “jaws open” configuration until they hit the seafloor. The jaws are
drawn shut as the hauling wire is retracted by the ships wench (Scott et al., 2001). Once
the jaws are shut, the sample is effectively isolated from turbulence created by the

retrieval process. The 12 surface samples from transect 1, which extends from the inner
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to outer harbor, were collected on October 18, 1996 with a petite Ponar device. Transect
2, taken near Apponagansett Bay, includes 6 samples which were collected on October
30, 1996 with a van Veen sampling device except for sample NBH 331 which was
collected on December 8, 1997 with a petite Ponar sampler. The 14 samples near Clark’s
Outfall were collected using a petite Ponar sampler on two different days; 9 on the 8® of
December and 5 on the 4™ of December, 1997. This transect was plotted by taking the
distance of each sample from the outfall.

Once the surface samples were collected, they were taken back to the
Environmental Protection Agency laboratory in Rhode Island. Here, approximately 10
cc of sediment from each sample were placed in vials for foraminiferal analysis and most
of the remaining sediment was analyzed for several types of pollutants. These samples
were refrigerated and stored for approximately 3 months and were then subsequently sent
to Dalhousie University for foraminiferal processing. Once processed, these samples

were examined and results were plotted accordingly.

2.3.3 Core Collection

The 7 cores in New Bedford Harbor for this study span over the Inner (Upper to
Lower) Harbor and Apponogansett Bay and were collected over a three year period.
Core 1 was collected on May 23, 1996 using a Davey hand sampler. Cores 2, 3, and 6
were collected in 1996 on October 25 and 18 (for cores 3 and 6), using a simple hand
sampler which is basically pushed through the sediment. Core 7 was collected on

October 30, 1996 by a Benthos gravity corer which uses a weight to reach the seafloor
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and is used in deeper water. The final two cores, 4 and 5, were collected on June 10,
1998 by a hand piston corer (used to obtain longer cores). Once the cores were collected,
they were capped on site and brought back to the EPA laboratory in Rhode Island where
they were subsequently split. One half of the core was refrigerated and used for

foraminiferal analysis and the other half was used for dating and geochemical analysis.

2.4 Laboratory Methods
2.4.1 Foraminiferal Analysis

Once the cores were split, one half of the core was sampled at selected intervals for
foraminiferal examination. Both the core and surface samples were processed and
examined in the same fashion as those collected in Chezzetcook. After the samples were

counted, foraminiferal totals were plotted and interpreted graphically.

2.4.2 Dating and Geochemical Analysis

The remaining half of each core and fractions of surface samples were used for the
determination of heavy metals, organic cabon, PCBs, and PAHs while Pb-210 dating was
determined for all cores collected using the radionuclides Pb-210. Ra-226, and Cs-137 by
direct gamma assay. For samples where unsupported Pb-210 activity was below
detection limits, sedimentation rates were either extrapolated from those calculated for
sediment depths immediately above or were estimated based on pollen stratigraphy and
historical evidence. The materials and methods used by the EPA to obtain these results

are detailed in Appendix Table 1a-i.



2.43 SEM Determination

Foraminiferal specimens from both Chezzetcook and New Bedford Harbor were
selected for scanning electron micrographs. Foraminifera were picked and placed on a
metal stub. An environmental scanning electron microscope (ESEM), a low vacuum
device, was used and as a result, no coating was necessary for the specimens which
allowed for preservation of the sample. The photographs of specimens were numbered,
labeled and assembled into a plate. Some pictures were also taken using a Scanning

Light Microscope (Scott and Vilks, 1991).

31



CHAPTER Il
SALT MARSH (CHEZZETCOOK AND NANAIMO) RESULTS

3.1 Chezzetcook short cores
3.1.1 Quantitative Analysis
3.1.1.1 Site1 (Station 4b from Scott and Medioli (1980a,b))

All 5 cores (Figure 3.1) exhibited low diversity but high numbers of foraminifera
and arcellaceans. Spartina patens was the dominant plant species at this site with cores
consisting of dark brown peaty mud with extensive roots throughout. Organic matter

percentages were relatively high throughout the cores and ranged from 14.8- 68.7 %.

3.1.1.1a October 1996 collection

Total: Numbers were generally high for all 29 samples examined at 1cm intervals down
this core, ranging from 1580 to 5136 inds/10 cm®, with total numbers remaining relatively
constant throughout the core (Appendix Table 2; Figure 3.2) Trochammina macrescens
forma macrescens dominated the assemblage throughout this core (40-80 %) with low
percentages of Pseudothurammina limnetis (0.5-20 %) steadily decreasing downcore.
There were low percentages of Miliammina fusca (3-10%) except between interval 7-18
cm where it formed a significant component of the assemblage (15-30%). Low
percentages of Tiphotrocha comprimata were present throughout, with the highest values

at the bottom of the core (15-30%).
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Figure 3.1- Location map of Chezzetcook Inlet on the Atlantic Coast of Nova Scotia,
showing the positions of surface and core sampling sites (after Scott et al.

2001)
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Living: Specimens were identified as far down the core as 15-16 cm and numbers ranged
from 8 to 2382 inds/10 cm® (Appendix Table 2; Figure 3.3). Highest numbers of
individuals occurred in the top 3 cm. Below the 2 cm level, living populations dropped
to less than 100 but were detectable down to 15 cm. Trochammina macrescens forma
macrescens generally dominated the assemblage. There were moderate percentages of
Pseudothurammina limnetis in the upper 12 cm, with highest values found between 6- 11
cm. Low percentages of living Miliammina fusca were found throughout the core with
highest percentages found at the 14- 16 cm interval and low percentages of Tiphotrocha

comprimata (1-5%) found down to 11 cm.

3.1.1.1b January 1997 Collection

Tota]: There were no living specimens in this core at the time of collection (hence no
diagram). Numbers ranged from 1400 to 5423 inds/10 cm? for the 24 samples examined at
1 cm intervals downcore (Appendix Table 3; Figure 3.4). Trochammina macrescens
forma macrescens strongly dominated the assemblage throughout the core (55 to 90 %)
with low percentages of Tiphotrocha comprimata (0.5 to 6.3 %) that varied little in values
throughout the entire core. Low percentages of Miliammina fusca occurred near the
surface (2 to 12 %) with peak values occurring between 11 and 20 cm (15 to 36.7 %).
Centropyxis aculeata and C. constricta, both arcellaceans, comprised 4 to 8 % of the entire

assemblage and these values were constant throughout the entire core.
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Chezzettcook.
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3.1.1.1c April 1997 Collection

Total: Numbers ranged from 1992 to 6952 inds/10 cm?® for the 22 samples examined at 1
cm intervals down the core remaining relatively constant throughout except between 8 to
11 cm (Appendix Table 4; Figure 3.5). Trochammina macrescens forma macrescens
dominated the assemblage throughout the core (49.8 to 92.9 %) with low percentages of
Tiphotrocha comprimata (2 to 14.3 %) that increased slightly downcore. There were low
percentages of Centropyxis aculeata (1.7 to 8.8 %) with little variation in values |
throughout the core. Miliammina fusca, except at peak values of 11.2 to 30. 5 % between
10 and 17 cm, showed little variation.

Living: Numbers were very low and ranged from 24 to 440 inds/10 cm® with specimens
present only to the 3 cm level (few specimens of Trochammina macrescens forma
macrescens) (Appendix Table 4; Figure 3.6). Most living representatives were
concentrated at the surface. Trochammina macrescens forma macrescens dominated the
assemblage while Tiphotrocha comprimata, Miliammina fusca, and Trochammina inflata
occurred only at the surface (0-1 cm). Trochammina macrescens forma macrescens is the

only species that occurs below the surface with very low numbers.

3.1.1.1d June 1997 Collection
Total: Numbers were generally high ranging from 2664 to 5864 inds/10 cm’® for the 28

samples examined at 1 cm intervals down the core, (Appendix Table 5; Figure 3.7) with
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Figure 3.6- Profile of number of species and individuals and percent abundance of
foraminiferal species relative to the live foraminiferal and arcellacean
assemblage in sediments from Site 1, Chezzettcook.
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lowest numbers occurring between 4-7 cm. Trochammina macrescens forma macrescens
strongly dominated the assemblage (48.8 to 92.8 %) with low percentages of Tiphotrocha
comprimata with little variation in values (1.2 to 8.6 %) throughout the entire core. Low
percentages of Miliammina fusca also occurred throughout the core except at peak values
between 13-16 cm where it co-dominated with Trochammina macrescens forma
macrescens. Centropyxis aculeata and C. constricta comprised 0.3 to 6 % of the total
assemblage and remained constant throughout the entire core.

Living: Specimens were identified down to only 7 cm with highest values occurring near
the surface (0-2 ¢m) and ranging from 8 to 2216 inds/10 cm® (Appendix Table 5; Figure
3.8). The faunal assemblage had low diversity with only 4 species identified and was
dominated by Trochammina macrescens forma macrescens (93.5 to 100 %). Low
percentages of Miliammina fusca and Tiphotrocha comprimata occurred in two intervals
(0-2cm and at 4 cm). Trochammina inflata occurred only in the 1-2cm interval and
comprised 0.5 % of the living assemblage. Trochammina macrescens forma macrescens

was the only form to occur below 4 cm and only 8 specimens were identified at the 5-6

cm and 7-8 cm interval.

3.1.1.1e September 1997 Collection
Total: Numbers ranged from 2600 to 12024 inds/10 cm® for the 26 samples examined at 1

cm intervals down the core, with peak values occurring between 9-16 cm (Appendix
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Site 1- June, 1997 (Live)
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Figure 3.8- Profile of number of species and individuals and percent abundance of
foraminiferal species relative to the live foraminiferal and arcellacean
assemblage in sediments from Site 1-, Chezzettcook. ( note: both
Tiphotrocha comprimata and Trochammina inflata have very low numbers)



Table 6; Figure 3.9). Trochammina macrescens forma macrescens strongly dominated
the assemblage (47.1to 94.3 %). Low percentages of Tiphotrocha comprimata (1.5 to
27.2 %) and Miliammina fusca (0.1 to 16.7 %) steadily increased downcore. The
combined percentages of Centropyxis aculeata and C. constricta also increased downcore,
ranging from 0.7 to 37.3 %. The highest percentages of Tiphotrocha comprimata,
Miliammina fusca, Centropyxis aculeata, and C. constricta occurred where total
abundance is lowest (18-22 cm).

Living: Foraminifera were identified in the top 3 cm with the highest number occurring at
the surface (0-1 cm), and numbers ranged from 120 to 2240 inds/10 cm® (Appendix Table
6; Figure 3.10). Trochammina macrescens forma macrescens dominated the assemblage
occurring in all 3 samples and represented the entire assemblage at the 2-3

cm interval. Only 3 species were identified as living with only 16 specimens of
Pseudothuriammina limnetis occurring at the surface while Tiphotrocha comprimata

occurred in the top 2 cm.

3.1.1.1f Statistical Analysis

The relative percentage of the three most abundant species from the five cores that
were collected from this site were plotted comparing the relative percentage of each
species from the surface interval (0-1 cm) to that of the average relative percentage of a

selected interval (in this case 1- 7cm) (Figure 3.11). The relative percentages of the
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abundance of some arcellacean and foraminiferal species relative to the total

foraminiferal and arcellacean assemblage in sediments from Site 1,

Figure 3.9- Profile of organic matter, number of species and individuals and percent
Chezzettcook.
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Site 1- Sept., 1997 (Live)

NUMBER OF NUMBER OF Trochammina Tiphotrocha
SPECIES/10 cc INDS/10 cc macrescens (%) comprimata (%)
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Figure 3.10- Profile of number of species and individuals and percent abundance of
foraminiferal species relative to the live foraminiferal and arcellacean
assemblage in sediments from Site 1, Chezzettcook.
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Figure 3.11- 1:1 plots of the three most abundant species from site 1 comparing the
relative percentage of the surface (0-1 cm) and the average from 1- 7cm.
Vertical bars are 1 and 2 standard deviations.
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abundant species were averaged from the 1- 7 cm interval to determine if the variation of
percentages were due to biofacies changes or simply variations in the relative percentages
due to the heterogeneity of the marsh system. If the surface interval percentages were
identical to the average percentages of the selected interval, the points would plot on the
1:1 line and any changes downcore would be attributed in natural variations and not a
change in biofacies. Figure 3.10 shows that the points from the surface and the interval
from 1- 7 cm fall on the 1:1 line within 1 standard deviation in almost all of the cases with
the exception of one sample where the point falls within two standard deviations (7.
macrescens). The other species that occur in moderate to low percentages (7. ochracea
and P. limnetis or C. aculeata) are very close to the 1:1 line suggesting that these
assemblages are very similar. This shows that despite changes in the relative percentage
of species downcore, once the average is taken, the overall assemblage does not vary
significantly and as a result, the surface interval provides an adequate representation of

the environmental conditions occurring at the time of deposition.

3.1.1.2 Site 2a (Station 3d from Scott and Medioli (1980a,b))
The two cores from site 2a and the 2 cores collected at site 2b exhibited slightly
higher diversities but lower abundances of foraminifera than at Site 1. (Note: site 2a was

in the Spartina patens zone, while site 2b, which was very close to site 2a, was ona
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mudflat). At Site 2a, the abundance of plant species was not as high as it was at Site 1
(and negligible at Site 2b), but Spartina patens did dominate the floral assemblage
comprising 75 % while Spartina alterniflora comprised 25 %. Organic matter percentages
were lower here than at the first site ranging from 6- 19% with the sediment consisting of

dark grey mud with roots extending down through the cores.

3.1.1.2a October 1996 Collection

Total: Numbers ranged from 265 to 9088 inds/10 cm® for the 30 samples examined at 1
cm intervals down the core, with highest values occurring between 2 and 9 cm (Appendix
Table 7; Figure 3.12). Miliammina fusca strongly dominated the assemblage (60.2 to

92.8 %) remaining relatively constant down to 23 cm where the percentage dropped
between 21.8 to 55.8 %. There were low percentages of Trochammina macrescens forma
macrescens (3 10 9.5 %) except for the interval 13-19 cm where numbers ranged from
12.6 to 23.8 %. Low percentages of Trochammina ochracea were also present down to
22 cm and then the species, co-dominated with Miliammina fusca, and eventually
dominated the assemblage (up to 39.4 %) as total numbers decreased to less than 1000.
Organic linings formed a significant component of the assemblage (up to 33.7 %) between
25 and 29 cm. This increase of Trochammina ochracea and organic linings corresponded
to the decrease in total numbers and decrease in organic matter percentage near the bottom

of the core. Elphidium williamsoni was present with low percentages (0.3 to 2 %) down
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Figure 3.12- Profile of organic matter, number of species and individuals and percent

abundance of foraminiferal species relative to the total foraminiferal and

arcellacean assemblage in sediments from Site 2a, Chezzettcook.
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to 6 cm. Eggerella advena was also present with low percentages (0.1 to 3 %) and little
variation throughout the core.

Living: Foraminifera were identified in each sample down to 19 cm with abundances
ranging from 8 to 2736 inds/10 cm® (Appendix Table 7; Figure 3.13). Percentages varied
with Miliammina fusca dominating in the upper 12 cm and at 19 cm and Trochammina
macrescens forma macrescens dominating between 15 and 17 cm. Miliammina fusca and
Trochammina macrescens forma macrescens co-dominated from 13 to 15 cm.
Representatives of Elphidium williamsoni occurred in low percentages down to 5
centimeters. Four specimens of Pseudothurammina limnetis were identified at the surface
(0-1 cm). Representatives of Eggerella advena were identified at intervals 1-3 cm, at 4-5
cm, and 6-7 cm. Between 5-8 cm, specimens of Ammobaculites dilatatus and

Ammotium salsum were identified while Trochammina inflata was found in low

percentages from 3-5 cm, 7-8 cm, 9- 10 cm, and 12- 13 cm.

3.1.1.2b January 1997 Collection
Total: Numbers ranged from 955 to 4232 inds/10 cm® for the 27 samples examined at 1
cm intervals down the core (Appendix Table 8; Figure 3.14). Miliammina fusca strongly

dominated the assemblage (61.3 to 91.2%) with little variation in values except between
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assemblage in sediments from Site 2a, Chezzettcook. (note:
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Figure 3.14- Profile of organic matter, number of species and individuals and percent

abundance of foraminiferal species relative to the total foraminiferal and

arcellacean assemblage in sediments from Site 2a, Chezzettcook.
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13-17 cm where percentages ranged from 41.9 to 57.7 %. Elphidium williamsoni co-
dominated the assemblage at the surface (31.1 %) but quickly dropped offto 0.3 t0 5 %
between 1-7 cm. Low percentages of Trochammina macrescens forma macrescens were
present throughout the entire core (0.4 to 8.8 %) with a peak value of 16.8 % occurring at
9- 10 cm. Trochammina ochracea also occurred in low percentages but gradually
increased downcore and its peak values corresponded to thie lowest values for
Miliammina fusca. There were low percentages of Ammobaculites dilatatus, Ammotium
salsum, Eggerella advena, and organic linings throughout the core; there was a general
increase in percentages of organic linings occurring in the middle of the core (14-15 cm
down to 23 cm).

Living: Specimens were identified to the 15-16 cm level and abundances ranged from 4 to
1080 inds/10 cm® with highest numbers occurring at the surface and steadily

decreasing down core (Appendix Table 8; Figure 3.15). Miliammina fusca strongly
dominated the assemblage throughout the entire core (42.3 to 100 %) except between 0-2
cm where it co-dominated with Elphidium williamsoni. Low percentages of specimens of
Trochammina macrescens forma macrescens were identified at intervals 4- 6 cm and 7-8
cm (6.1 to 10.5 %). Calcareous species were also identified at the surface in small
numbers. Elphidium excavata forma excavatum, Elphidiw excavata forma clavata,
Ammonia beccarii, and Haynesina orbiculare all had living representatives at the surface

but disappeared below this level except for 8 specimens of Haynesina orbiculare that
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Figure 3.15- Profile of number of species and individuals and percent abundance of

foraminiferal species relative to the live foraminiferal and arcellacean

assemblage in sediments from Site 2a, Chezzettcook.
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occurred at 1-2 cm. Three specimens of Reophax scotti, a rare species in this marsh, were
found to be living at interval 15-16 cm while living Haplophragmoides manilaensis were

identified between 3- 6 cm.

3.1.1.3 Site 2b (Station 3¢ from Scott and Medioli (1980a,b))

3.1.1.3a June 1997 Collection

Total: Numbers ranged from 368 to 8752 inds/10 cm? for the 30 samples examined at 1
cm intervals down the core, with peak values occurring between 14- 22 cm (Appendix
Table 9; Figure 3.16). Both Miliammina fusca and Trochammina ochracea co-dominated
the assemblage from 0- 7 cm with Trochammina ochracea steadily decreasing down core
(0.3 to 10.2 %) below this interval. Miliammina fusca strongly dominated the assemblage
from 7-29 cm (72.4 t0 95.8 %) remaining relatively constant throughout this interval. Low
percentages of Trochammina macrescens forma macrescens were present throughout and
relatively constant (2-5.2 %), with peak values occurring between 2-4 cm. Organic linings
were identified throughout the core (0.9 to 30.4 %), with highest values occurring between
0- 6 cm. There were low percentages of Ammobaculites dilatatus and Eggerella advena
throughout the core; Eggerella advena showed little variation in numbers (0.1 to 5.7 %)
with peak values at 3- 6 cm.

Living: Specimens were identified to the 10-11 cm interval and abundances ranged from 4

to0 312 inds/10 cm® with highest numbers occurring between 1-4 cm and 7-9 cm
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Figure 3.16- Profile of organic matter, number of species and individuals and percent

abundance of some arcellacean and foraminiferal species relative to the total

foraminiferal and arcellacean assemblage in sediments from Site 2b,

Chezzettcook.
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(Appendix Table 9; Figure 3.17). Miliammina fusca dominated the assemblage at 0-1 cm
and 5-10 cm (87.5 to 100 %) while 7rochammina ochracea dominated from 1-3 cm (51.6
to 64.5 %) and co-dominated with Miliammina fusca at intervals 3-5 cm. Low
percentages of Ammobaculites dilatatus were identified at intervals 1- 2 cm, 3-4 cm, and
8- 9 cm (2.6 t0 9.3 %) while moderate percentages of Trochammina macrescens forma
macrescens were present between 2- 5 cm (10.3 to 12.9 %) and at interval 7- 8 cm
(6.6%). Specimens of Elphidium williamsoni were identified down to 3 cm with a peak
value of 12.5 % occurring at the surface (0-1 cm). 8 specimens of Reophax scotti were

found to be living at interval 4- 5 cm.

3.1.1.3b September 1997 Collection

Total: Numbers ranged from 264 to 3672 inds/10 cm® for the 26 samples examined at 1
cm intervals down the core, with highest numbers occurring in the middle of the core
(Appendix Table 10; Figure 3.18). Miliammina fusca strongly dominated the assemblage
from 1-25 cm (52.7 to 92.8 %) but co-dominated with Trochammina ochracea at the
surface. Moderate percentages of 7rochammina ochracea occurred throughout the entire
core (2.6 - 14.7 %), with peak values occurring between 0-2 cm (23.4 to 30.3 %), 9- 10
cm (17.3 %), and 18- 20 cm (21.4 to 23.5 %). Low percentages of Trochammina
macrescens forma macrescens were present throughout the entire core remaining

relatively constant (1.1 to 10.3 %) as did Eggerella advena (0.2 to 6.8 %) and
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Figure 3.17- Profile of number of species and individuals and percent abundance of
assemblage in sediments from Site 2b, Chezzettcook.
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Figure 3.18- Profile of number of species and individuals and percent abundance of some

arcellacean and foraminiferal species relative to the total foraminiferal and

assemblage in sediments from Site 2b, Chezzettcook.
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Ammobaculites dilatatus (0.2 to 4.4 %). Organic linings were present throughout the
entire core in moderate percentages (0.3 to 13.7 %).

Living: Specimens were identified down to the 10-11 cm interval and abundances ranged
from 3 to 1200 inds/10 cm® with peak values occurring between 5-7 cm (Appendix Table
10; Figure 3.19). Miliammina fusca dominated the assemblage between 1-8 cm and 10-
11em. 3 specimens of Elphidium williamsoni were identified at the surface which
comprised the entire assemblage, however, this species disappeared below the surface.
Specimens of Trochammina macrescens forma macrescens were identified down to 10
cm (1.9 to 17.5 %), with peak values occurring between 9-11 cm (28.6 to 30.8 %). At the
1-2 cm interval, Trochammina ochracea co-dominated the assemblage (34.5 %) and at the
9-10 cm interval (46.2 %) with low percentages occurring between these intervals

(1.9 t0 6.2 %). Low percentages of Eggerella advena (1.3 to 2.5 %) occurred from 2-6
cm while 8 specimens of Ammobaculites dilatatus were present at 1-2 cm and 16

specimens were identified at the 5-6 cm interval.

3.1.1.3¢c Statistical Analysis

The relative percentages of the four most abundant species from site 2a and 2b
were plotted versus the average relative percentages of the same species from the interval
1- 10 cm (Figure 3.20). There is considerably more variability in these sets of cores than

the previous site as seen by the large standard deviations as well as the variab