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ABSTRACT

Approximately 1000 surface and subsurface samples were used to
determine the marsh and estuarine foraminiferal distributions in four
marsh-estuarine areas in Nova Scotia: Chezzetcook Inlet, Chebogue
Harbour, Wallace Basin, and Summerville marsh.

Several assemblage zones could be recognized in the estuarine
environment of Chezzetcook Inlet, however these zones were not accurate
indicators of sea level. Detailed sampling in Chezzetcook revealed that
marsh foraminiferal distributions demonstrated strong vertical zonation
with respect to mean sea level and closely paralleled marsh floral
zonation. These distributions could accurately relocate former sea
levels to within £ 5 cm. Seasonal variations had little effect on total
populations and they probably did not cause serious errors when inter-
preting subsurface foraminiferal assemblages.

Less detailed sampling of marsh areas in the other three study
localities indicated that the same relationships observed in Chezzetcook
occurred in these areas as well. Examination of detailed data from
southern California and less detailed data from other parts of the world
suggest that marsh foraminiferal assemblages generally can be used as
accurate sea level indicators.

Subsurface borings in Chezzetcook, Chebogue, and Wallace are inter-
preted from recent foraminiferal data. Accurate determinations of
former sea levels using marsh foraminiferal assemblages indicate that

Chebogue is experiencing less relative rise now than in the past. The



ix

opposite is true for Chezzetcoock where relative sea level rise‘has
apparently increased in the last 2000 years. Wallace is experiencing
a relatively low apparent sea level rise. The collapsing of the
"peripheral bulge" following deglaciation is proposed as the mechanism

causing these differential relative sea level rises.
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CHAPTER 1

INTRODUCTION

Marsh foraminifera can be used to detect small scale vertical zones
along the marsh surface which generally parallel the known floral zones
in vertical range. These relationships were first established by the
author (Scott, 1976a) in the marshes of southern California, but have not
been demonstrated adequately in other areas. Hence, another area of study,
preferably of different climate, was needed to evaluate the generality
of the relationships observed in California. Nova Scotia was chosen
for two reasons: 1) its climate is humid and temperate as opposed to
the arid, subtropical climate of southern California and 2) no previous
investigations had been made of the marsh foraminifera of Nova Scotia.

Some basic criteria were established to select areas of study in
Nova Scotia. First, inlets with large marsh areas were required to
establish whether or not observed relationships remained constant over
a broad continuous surface. Second, widely spaced marsh areas were
needed to detect potential regional differences. Third, marshes in
estuaries with a salinity gradient from upper to lower estuary were re-
quired to investigate its effect on the foraminiferal assemblages.
Finally, marsh areas where thick subsurface deposits of marsh material
were suspected were required in order to study lowered relative Holocene
sea levels. Using these criteria as a guideline three primary study
areas were selected: Chezzetcook Inlet, Chebogue Harbour, and Wallace

Basin (fig. 1l). A small secondary area, Summerville marsh (fig. 1),
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was selected to provide information regarding faunae observed in a
newly forming marsh area. Chezzetcook was the most intensively examined
because of its proximity to Halifax.

In Chezzetcook several types of surface samples were collected.
First, areal or reconnaissance samples were collected to detexrmine
general relationships. Using information derived from these samples,
areas of marsh were chosen for more intensive study. Detailed transects
across the marsh surface, similar to those by Scott (1976a), were
carried out. Along these transects, elevation in relation to mean sea
level, salinity, floral percentages, and foraminiferal percentages were
determined at each sampling locality. A large number of samples were
collected along the transects so that intra-zonal as well as inter-
zonal differences could be detected. Estuarine samples (below mean sea
level) were collected to determipe what, if any, differences existed
between these and the marsh foraminiferal assemblages. Finally, at
selected localities in the marsh, samples were collected at different
times of the year to determine if seasonal variations would obscure the
delineation of marsh assemblages. Information from this detailed
sampling supplies a framework into which less detailed reconnaissance
samples from other areas can be placed.

Less detailed data were obtained from the other study areas and,
using the information from Chezzetcook, accurate foraminiferal relation-
ships for each could be determined. In all areas (except Summerville)

the information regarding surface distributions is applied to drill



hole data and used to interpret the Holocene history of each area.

Many of the marine geological processes now occurring along the
coast of Nova Scotia are related to changes in relative sea level. For
example, investigations of coastal bays require information on when
former sea levels were below the sill depth of a particﬁlar bay. If
this information is available then a reliable date can be placed on
the boundary of the open marine-stagnant brackish sequences occurring
in cores from these areas (Piper and Keen, 1976). There has been a
general rise in eustatic sea level of approximately 100 meters during
the last 12,000 years as indicated by the many sea level curves pre-
pared from data collected around the world (e.g. Scholl et al., 1969).
This rise has been attributed to the melting of the glacial ice that
covered much of the northern half of the northern hemisphere up to
13,000 ybp. In most areas sea level appears to have changed relatively
little since 4000 ybp. However, the New England and Maritime Canada
coastal areas are presently thought to be experiencing an excessive
relative sea level rise (Redfield, 1967; Grant, 1970, a,b). It is not
known whether this rise is occurring at a constant rate or if the rate
changes with time. To determine if there are changes in the rate of
relative sea level rise an accurate measure of former sea levels is
required. Present methods of relocating former sea levels (by use of
beach deposits, marine terraces and deltas, oyster beds, and undif-
ferentiated salt marsh deposits) are inadequate to provide the accuracy
needed to detect possible rate changes. The most accurate of these
relocation methods is that of using salt marsh deposits as an undif-

ferentiated deposit assigned an arbitrary sea level such as mean higher



high water or extreme high water. This general method ignores the
fact that salt marshes occupy the full upper half of the tidal range
which, on the average varies from 1 to 2.5 meters. Salt marsh floral
assemblages are known to accurately indicate tidal levels (Chapman,
1960) but plant remains are usually poorly preserved in subsurface
sediments and difficult to differentiate on a routine basis. Marsh
foraminifera, on the other hand, are usually preserved extremely well
in subsurface marsh sediments. Most marsh foraminifera are of the
agglutinated varietv and are able to withstand burial in low pH marsh
sediments without.dissolving. If marsh foraminifera can be demonstrated
to exhibit a strong vertical zonation similar to the plants then a

valuable new tool is available to examine Holocene sea level changes.

Background information

General: A thorough review of salt marshes is provided by Chapman (1960).
He notes that salt marshes usually form in protected areas with rela-
tively high rates of sedimentation unless the area is emerging. Chapman
suggests that all marshes have recognizable vertical plant zonations.
The plant composition of the zones may vary with latitude and precipita-
tion but some form of zonation usually exists. Additionally he notes
that marshes appear to be confined to that elevation range between mean
sea level and extreme high water.

The marsh in Barnstable Harbor, Massachusetts, was thoroughly
examined by Redfield (1972). This study is particularly applicable to

Nova Scotia because most of the plant species are common to both areas.



Redfield details not only present day plant distributions but also
attempts to illustrate how the marsh zones were distributed through
time. He places a date of 4000 ybp on the first marsh formation in the
harbor (6 meters below the present marsh surface). Redfield also
investigated how the salt marsh colonized new areas with a 12 year
study mapping new marsh areas as they formed.

A guantitative study of both the saltmarsh vegetation and molluscs
along the Pacific coast of North America was carried out by MacDonald
(1969) . He demonstrated that some vertical zonation existed for both
the flora and fauna within the salt marsh and that this zonation could
be generally correlated with mean tidal heights (e.g. mean high water,
mean higher high water, higher high water). In addition to the intra-
marsh variations, regional differences were recognized between northern
and southern areas. This study is one of the few that has examined
plant and animal distributions together in a marsh. Unfortunately,
molluscs have little use in paleoecologic marsh interpretations because
their carbonate shells are dissolved in the low pH marsh sediments after
burial.

It is interesting to note that in these well known publications

there is little or no mention of marsh foraminifera.

Environmental factors: There is a large body of work concerning

nutrient budgets and food supplies in marshes. However, these factors
do not appear to be the limiting parameters in plant and animal distri-
butions. The limiting factors appear more likely to be salinity and pH.

The best documented rocord of these changes is from Mission Bay marsh,



California (Phleger and Bradshaw, 1966; Bradshaw, 1968). A typical
daily record from this area indicates that pH is lowest when dissolved
oxygen is lowest. Oxygen is lowest during non-daylight hours when
there is no photosynthetic activity. The salinity also changes di-
urnally but these variations are the result of the tidal cycle. At
flood tide salinity is lowest as new sea water inundates the marsh, and
salinity is highest immediately before the flood tide after evaporation
has had its maximum effect. In Nova Scotia the opposite is probably
true because freshwater runoff onto the marsh dominates over evapora-
tion.

There appear to be vertical gradients within the marsh for both
pH and salinity. Stevenson and Emery (1958) report lowest pH values
at Newport Beach, California in the high marsh with increasing pH in
the low marsh areas; this is also suggested by Scott (1976a) for
Mission Bay. Salinity appears to be highest in the high marsh at
Mission Bay (Scott, 1976a) where there is less supply of fresh sea water.
In Nova Scotia again the opposite would be expected.

Temperature does not appear to be a limiting factor since all
marsh surfaces experience wide temperature variations. These varia-
tions occur both on the diurnal and seasonal basis, and though varia-
tion is higher in the high latitudes, variations of temperature occur-
ring even in subtropical climates are more than most marine organisms
can tolerate. For this reason it is difficult to classify marsh
faunal assemblages into zoogeographical zones (Scott, 1976b) as has

been done for other marine groups.



Most of the variables discussed demonstrate a vertical gradient
along the marsh surface with extreme values occurring in the higher
areas of the marsh. The values of these parameters tend to become
more marine and more stable lower in the marsh where there is increased
marine influence. The stability of the environmental parameters just
discussed with relation to elevation in the marsh probably determines
patterns of distribution for the plant and animal communities of the
marsh. Isolated determinations of salinity, pH, and temperature prob-

ably have little meaning in a highly variable environment such as a marsh.

Environmental capacities of some marsh organisms: Salt marsh vegetation

is characteristic to salt marshes and rarely occurs outside the marsh
area (except some high marsh forms). However, it has been clearly
demonstrated that, when isolated from other species, the marsh species
grow more Vigorously in freshwater than in saline solutions (C. F.
Phleger, 1971). This suggests that the plant species characteristic to
salt marshes are really terrestrial species that have become non-competi=~
tive with other terrestrial species. Only their ability to survive some
salt water inundation has prevented their extinction.

The opposite is true for most animals inhabiting the salt marsh.
They are basically marine organisms occupying extremely marginal envir-
onment and must be able to tolerate environmental variations abnormally
large for marine organisms. An experiment done with Cerithidea
californica (Califcrnia mud snail) indicates one way in which an
organism copes with a highly variable surrounding (Scott and Cass, 1977).

When submerged in freshwater (which is usually a temporary condition)



the snail simply withdraws into its shell and remains there until
salinity returns to normal.

Ecological tolerances have also been investigated for some marsh-
estuarine foraminifera (Bradshaw, 1955, 1957, 1961), most notably

Ammonia beccarii (Linne), a calcareous species. This species requires

a particular set of conditions for reproduction but is able to survive
under a much wider range of conditions. This is probably characteristic
of many marsh species with reproduction occurring only during a short

period of time when conditions are most favorable.

Distribution of marsh foraminifera: Marsh foraminiferal species are

among the first described foraminifera (Nautilus (= Ammonia) beccarii, Linne,

1758; Nautilus (= Trochammina) inflata, Montagu, 1808; Trochammina

inflata macrescens and Quingqueloculina (= Miliammina) fusca, Brady,

1870) .  However, their distributions were poorly known until relatively
recently.

Most of the information regarding distribution of recent marsh
foraminifera has been dérived since 1950, and most of the investigations
have been the work of Fred Phleger at Scripps Institution of Oceanography.
Since 1950 he has examined distributions of marsh foraminifera from
Barnstable, Massachusetts (Phleger and Walton, 1950), the Mississippi
delta (Phleger, 1954, 1955), southwest Florida (Phleger, 1965a), southern
Texas (Phleger, 1965b, 1966), the Pacific coast of North America
(Phleger, 1967), Baja California (Phleger and Ewing, 1962) and Europe

and New Zealand (Phleger, 1970). All these studies suggest high numbers
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of individuals and low numbers of species in marsh environments. Ad-
ditionally, calcareous marsh species appear to prefer normal to hyper-
saline marsh environments while agglutinated forms dominate the
brackish marshes. Some of Phleger's data suggest that zonation of
marsh foraminifera, similar to that of the vegetation, also exists in
marshes.

More recently the estuarine and marsh foraminifera of the James
River estuary, Virginia, were examined in a thorough study by Ellison
and Nichols (1976). They demonstrated within-marsh vertical variations
of the foraminiferal assemblages as well as differences between
slightly brackish and strongly brackish marsh areas.

Scott (1976a) demonstrated a clear relationship between floral
and foraminiferal assemblages and surface elevations in the marshes
of southern California. Scott (1976b) suggested similarities between
foraminiferal faunas in brackish marshes in southern California and

those of more northern regions such as British Columbia.
Terminology

A definition of terms crucial to understanding the following dis-
cussions is required.

There has been some confusion regarding the exact vertical and
environmental limits of a salt marsh in the literature and it is neces-
sary here to define precisely the limits that are applicable to this
study. C£apman (1960, p. 1) provides a good basic explanation of these

limits:
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"They (salt marshes) comprise areas of land bordering on

the sea, more or less covered with vegetation, and subject to

periodic inundation by the tide. They originate as bare mud -

or sandflats which, as they become higher, are colonized by

algae and flowering plants, the species involved varying in

different parts of the world. The plants are enabled to oc-

cupy this habitat by virtue of their tolerance of the special

conditions obtaining in salt marshes. The advent of the

plants on the bare flats promotes further growth in height of

land which, as this 'rising' takes place, results in changes

in the environment so that different species can enter the

area. Salt marshes, therefore, may extend vertically from

about mean sea level up to the extreme upper limit of the

tides, where they will abut on normal land vegetation or else

grade into freshwater swamp."

In areas of extreme tidal range, such as the Bay of Fundy, the vertical
range of the marsh no longer extends to mean sea level. PFor this

reason the Fundy marshes are not included in this study. Additionally,
marshes tend to form in protected areas such as lagoons or estuaries
that allow sufficient sedimentation rates in regions of submergence.
Since salt marshes are often associated with lagoons and estuaries, the
terms marsh and estuary/lagoon are sometimes used interchangeably. From
the above definition this is clearly not wvalid. All samples collected
from the marsh will be denoted as marsh samples and those from below the
marsh will be considered as estuarine samples.

The term "zone" is used to refer to either floral or faunal zones
present within the vertical range of the marsh. Confusion arises when
these zones are used to interpret Holocene stratigraphy of marsh sedi-
ments. "Zone" has also been used as a time stratigraphic unit. Marsh
zones are, however, clearly not time-stratigraphic units. A necessary

term is one which retains the vertical sense of a stratigraphic zone but

not the time sense. The term selected here is KAWN ("kline" in English),
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a Greek work meaning "bed". The term "cline" has been used in popula-.
tion dynamics to describe an interbreeding population and is not ap-
plicable here. "Kline" is defined here as a biologic assemblage
(either floral or faunal) that denotes a certain range of elevation
relative to mean sea level. Boundaries of klines are delineated by
changes in the dominant species characterizing a particular kline.
"Subklines" are defined by the presence or absence of a subdominant
species. "Sub-subklines" are recognized by the presence or absence of
a subdominant species whose occurrence appears to be localized not only
by elevation but also by some other parameter such as salinity. Xlines
and subklines can be used to locate former sea levels in Holocene
sediments with an accuracy dependent upon the absolute vertical range
defined by the kline or subkline. A sub-subkline can be used not only
to locate a former sea level but also to indicate other environmental
factors such as salinity. Since klines must be defined from modern
assemblages for which there is good elevational and environmental con-
trol, the kline has no meaning in time and cannot be used to determine
those former sea levels in sediments which are older than the range of
the defining modern species.

There is usually some confusion when discussing sea level changes
as to whether the change of sea level is caused by vertical land move-
ments or by actual eustatic sea level change. To avoid this confusion

the term "relative" or "apparent" sea level change is used. The symbol

n 1

r" is employed to denote relative sea level change and is written as

follows:
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where Re and Rw are respectively, the sea level changes due to vertical
land movements and eustatic variations. The rate of relative sea level

change is r/t where t refers to time.
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CHAPTER 2

METHODS

Collection of surficial samples

At all sampling localities in the marsh areas samples were col-
lected by walking out on to the marsh during low tide and obtaining
the material required for examination. Replicate samples of 10 cm3
(10 cm? x 1 cm) were obtained at all localities. This is the standard
size of sample collected by Phleger and has been used by the author for
comparative purposes. Since the marsh material was rootbound and dif-
ficult to penetrate with standard plastic core liner, a stainless steel
corer was developed by the author for special use in obtaining surface
marsh samples (fig. 2).

The estuarine samples in Chezzetcook were obtained from a small
craft at high tide. A small, lightweight box corer (15 x 15 cm) was

used to obtain relatively undisturbed bottom samples. From each of

these box core samples two 10 cm3 replicates were collected.

Collection of subsurface material

Subsurface material was obtained in the form of cuttings by drilling
with a posthole auger. The drilling method is the same as that used by
Scott (1976a) and described for deep drilling by Medioli and Scott (1976).
Drilling is confined to sediments with low sand content since the hole

is uncased and caves in if the sediment is too sandy. The method works



Figure 2.

Scott surface marsh sampler: dimensions - i.d. = 3.5 cm,

o.d. = 3.8 cm, length = 8-10 cm.
is inserted into marsh surface.
tubing.

Notice serated edge which
Made from stainless steel

15
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best with three people but can be accomplished with two. The advantages
of this method over other methods are the light weight of the equipment
required and the relatively large samples obtained. The samples are
usually of sufficient size to yield splits for foraminiferal, pollen,

and diatom analysis as well as carbon-14 dating.

Collection of physioc-chemical data

Salinities at all stations, estuarine and marsh, were recorded con-
currently with the collection of the surficial material. At marsh
locations an American Optical salinity refractometer (compensated for
temperature variance) was used to determine the salinities. This in-
strument requires only a few drops of water for its determination and is
especially useful in the dryer parts of the marsh. For estuarine values
an RS-5 salinity recorder was used to obtain a salinity verses depth
profile.

Temperatures were measured directly only in estuarine samples with
the same RS~5 recorder. At marsh stations temperatures were not ob-
tained directly since they were essentially the same as atmospheric
values. Temperature-precipitation data for Middle Musquodoboit (a few
km east of Chezzetcook) were obtained from the National Atmospheric

Centre.

Preparation of samples

Grain sigze distribution was determined for some selected estuarine

samples using the methods of Folk (1968). Organic carbon (dry weight)
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perxcentages were determined for all estuarine samples in Chezzetcook
and some marsh localities. The samples were first dried at 100°C,
weighed, and then ignited in a muffle furnace at 400-500°C for 12 hours
and weighed again to obtain the percentage carbon.

Foraminiferal samples from surface locations were placed in a cold
room subsequent to collection to prevent fouling. All samples were
prepared by the following procedure within a week of collection: 1)
wet sieved through .5 mm and .063 mm sieves (.5 mm retaining coarse
organics and allowing foraminifera to pass to the .063 mm sieve where
they were retained); 2) fine organic material was separated from forams
and sand by decantation 3) sample was fixed in a solution of buffered
formalin and Rose Bengal and allowed to stand overnight and 4) sample
was washed free of formalin and Rose Bengal and preserved in alcohol.
Those samples containing excess amounts of sand were dried and the
foraminifera separated from the sand by floatation in Carbon tetra-
chloride. The separated foraminifera were then resuspended in alcohol.
It is imperative that all specimens to be examined for presence or ab-
sence of Rose Bengal stain (living or dead respectively) be sus-
pended in some liquid medium such as alcohol. This renders the test of
the foraminifera more transparent and facilitates the detection of the
stain.

Subsurface samples were prepared in much the same way as the sur-
face samples. A 20 ml split was obtained from the bulk sample and
sieved in the same manner as surface material. No formalin or Rose

Bengal was added to these samples, but they were preserved in alcochol.
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Examination, preservation, and photography of specimens

Most specimens were examined in alcohol; however, in subsurface
samples where there was excess sand the samples were not resuspended
and specimens were examined dry. In dried samples the residual fora-
minifera were split to a workable number of 300-500 when necessary
using an "Otto" microsplitter.

Rése Bengal stain was used to stain protoplasm of individuals that
were alive at the time of collection. The use of tissue stains is al-
ways subjective since stains never stain everything the same each time.
Additionally, each person's perception of stained individuals is dif-
ferent. However, detection of significant changes in living populations
still possible sihée the changes are so large (sometimes two orders of
magnitude) in the marsh environments examined.

A reference collection of all species has been prepared and placed
with the collection of F. S. Medioli at the Atlantic Geoscience Centre,
Dartmouth, Nova Scotia.

Photographs of species contained in this thesis were taken using the

is

Cambridge scanning electron microscope at the Bedford Institute of Oceano-

graphy. Polaroid film with negative was used.

Map preparation

Since extremely detailed maps of the Chezzetcook area were required
standard soil maps used in the other areas could not be used. Instead,
color air photos were obtained and, using the Saltzman enlarging instru-

ment at the Nova Scotia Department of Lands and Forests, they were
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enlarged, traced at a scale determined from a standard Department of
Lands and Forests soil map, and pieced together to form the final map
of Chezzetcook (fold-out 1). The same was done with the 1945 air

photos of Chezzetcook.

Carbon-14 dating

Small wood fragments from basal deposits in drill holes were the
prefered dating material. One freshwater peat was used to obtain a
date, however peat was avoided whenever possible because of contamination
from younger material growing above. The actual Carbon-14 dating was

done commercially by Geochron Laboratories, Cambridge, Massachusetts.
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CHAPTER 3

GEOLOGICAL SETTING

Areas of study along the Atlantic coast of Nova Scotia (Chezzetcook,
Chebogue, Summerville) exhibit the characteristic geomorphology of
formerly glaciated areas. Along the coast where inlets have their con-
nection to the ocean, there are steep, eroding cliffs of glacial till
with varying degrees of boulder armor in front of the cliffs. Inland
there is irregularly rolling topography with both bedrock outcrops and
large hills of glacial material being characteristic. In the larger
coastal bays, such as St. Margaret's Bay and Mahone Bay, there are many
drumlin islands; however, in smaller inlets there are usually few islands.
Two notable exceptions are Chezzetcook and Chebogue inlets, both of
which have many drumlin islands. Coincidently these two inlets are the
only two along the Atlantic coast with large, well-developed marsh
systems. This could indicate a causal relationship between the drumlin
islands and marsh formation with the islands providing the protection
from waves and strong currents as well as a large supply of sediments
to newly forming marsh areas.

No bedrock is observed to be outcropping locally in Chebogue
Harbour; however, in Chezzetcook there are areas where bedrock (Meguma
Slate) is observed. Outcrops occur along the south shore of the West
Head and along the eastern side of the inlet (where there is less marsh

formation, fold ocut 1).
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The Summerville marsh was a small marsh contained behind a beach
barrier at the head of Port Mouton on the south shore of Nova Scotia.
The marsh examined at this locality appeared to be the only marsh in
the area; no extensive marsh system had developed outside of the area
behind the beach barrier.

Wallace Basin, along the Northumberland Strait on the Nova Scotia
shore, was in a much different geomorphological setting. This part of
Nova Scotia together with the eastern shore of New Brunswick appear to
have formed as marine terraces that have been raised by glacial rebound
following the last deglaciation. The raised terraces are probably the
landward extention of the marine terraces observed by Kranck (1972) in
the Northumberland Strait. This area lacks the irregular rolling topo-
graphy of the Atlantic shore. Topographic features such as gullies
appear to be caused by postglacial erosion of streams in the area. There
is little glacial drift; most of the soil in the area is derived from

soft underlying Paleozoic sandstones.



22

CHAPTER 4

CHEZZETCOOK INLET-ESTUARINE DATA

Physiography

The mouth of the estuary is characterized by large sand spits
having westerly and northerly extensions at Cape Entry and extending
both north and east from Story Head (fold-out 1). Additionally, Red
Island is primarily a sand bar. The largest features inside the inlet
are the extensive intertidal mudflats and salt marshes. The inter-
tidal areas are drained by a network of channels that dissect the mud-
flats. The channels begin at the head of the estuary as one large
channel originating from the East Head which bifurcates just west of
Labreque Island. A small channel from the West Head enters the main
channel just above the bifurcation point and both continue down the
estuary and empty into a large central area just south of Conrad Island.
The upper part of the channel system in the East Head appears to be
the remnant of a river channel; however, the channels in the open part
of the inlet appear to be formed by tidal currents.

The inlet can be subdivided into several general areas: the
nearshore area south of Conrad Island where the channels disappear into
a large turbulent, shallow zone that is no longer intertidal; a large
central region containing large mudflats and many drumlin islands; and
an upper region which has comparatively narrow channels and a well-

developed marsh area (East and West Heads). Additionally, there is a
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"pond" (stations 42-44) that is supplied with sea water only by the
narrow channel that occurs between the spits at Cape Entry and the

mainland.

Physical changes in Chezzetcook Inlet in historical times

Data sources: Rapid changes in the morphology of Chezzetcook Inlet

over the last 200 years explain some recent sedimentological phenomena.
The basic sources of information are a map prepared by Capt. James Cook
in 1766, a British Admiralty Chart (no. 2439) prepared in 1854, a set
of 1945 air photos and a set of 1974 air photos. Supplementary in-

formation was obtained from a 1927 topographic map.

Comparison of the 1766 and 1854 maps: The accuracy of the 1766 map

(fig. 3) is poor compared to the excellent map produced in 1854 (fig. 4).
Much of the distortion in the 1766 map may be the result of James Cook's
inability to navigate past the entrance of the inlet with a large
sailing ship. Near the entrance the major features appear to be mapped
accurately. The 1766 map shows spits extending from Story Head and
Cape Entry and a deep channel between the end of the Cape Entry spit and
the small drumlin just west of Conrad Island. By 1854 this deep channel
becomes shallow and is almost closed off. The entrance to the inlet is
also substantially shallower. A large mudflat is shown on the east side
of Chezzetcook in 1766 and by 1854 mudflats cover most of the inlet.

It is doubtful that the large marsh shown behind the Cape Entry spit in
1854 was present in 1766. It is difficult to determine if the change

in the size of the mudflat is real or not since the detail on the 1766



Figure 3.
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1766 map of Chezzetcook prepared by James Cook.
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Figure 4. An 1854 map of Chezzetcook (British Admiralty chart).
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map is completely distorted landward of Conrad Island. The most inter-
esting and puzzling piece of information on the 1766 map is in the
legend where the tidal range at Cape Sambro is given as follows: neap
tides, 6 to 7 feet, and spring tides, 10 to 11 feet. On the 1854 map
tidal ranges are given as the same as those today: neap tides 4—5 feet,
spring tides 6% to 7 feet.

The tidal range given for 1766 is controversial. Tidal measure-
ments at Brest, France, measured with reliable accuracy since 1711, in-
dicate that tides in the North Atlantic have since then changed less
than 5% (Cartwright, 1972a, b). The apparent change at Halifax between
1766 and 1854 is of the order of 50%. Halifax is not in an area of ex-
treme tides, like the Bay of Fundy, and changes in tidal range there
should be similar to those elsewhere in the North Atlantic. It is dif-
ficult to dismiss the change as due to errors in measurement. Only sim-
ple vertical measurements are required to obtain spring and neap tidal
ranges and these were certainly within the abilities of 18th century
mariners. Insufficient measurements would only tend to minimize an ap-
parent decrease in tidal range. Hence the possibility that there was a

50% decrease in tidal range between 1776 and 1854 can not be neglected.

Comparison of 1854 and 1945 maps: There were few major changes in the

configuration of the inlet between 1854 and 1945. The 1945 photos
(fig. 5) show no noticeable expansion of the marsh areas. There is a
new small spit between Conrad and Gaetz Islands, which apparently formed

after 1927, since it is not shown on the 1927 map. The opening in the



Figure 5.

Map of Chezzetcook Inlet prepared from 1945 air photos.
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northern extension of Cape Entry spit is closed by 1927. The houses on
the small drumlin just west of Conrad Island suggest the closure may

have been artificial. Some breakwaters that are still present today

are shown near the entrance in 1927. The channel system has changed
little since 1854; one new channel is shown on the 1945 air photos in

the area between Ferguson and Roma Islands. The "pond" is shown as

being swamp in 1854, but as open water in 1927 and 1945. The extent

of marshes behind the Cape Entry spit (westerly extension) in 1854 appear
greatly reduced by 1945. All islands appear to have remained the same

size and shape between 1854 and 1945.

Comparison of the 1945 and 1974 maps: Changes between 1945 and 1974

(fold=-out 1) are more pronounced than those between 1854 and 1945.
Large movements of sand occurred near the entrance of the inlet. The
spit on the west side of Conrad Island lengthened considerably between
1945 and 1974, further constricting the main channel which feeds the
west part of the inlet. The small island just southeast of Gaetz island
became connected by a sand bar to the main spit between Conrad and
Gaetz Islands. The most pronounced change occurred in the vicinity of
Red Island. It was a small, rounded island up until 1945; by 1974 it
has an elongated, half-moon shape. Both the spits at Story Head and
Cape Entry moved landward significantly between 1945 and 1974. This
appears to have had little effect at Story Head but the Cape Entry spit
has overridden existing marsh and isolated a small pond that had been

open to tidal influence in 1945. North of the entrance to the inlet,
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mostly in its western part, much new marsh has formed since 1945. The
large open mudflat north of Roma Island presently appears to be under-

going rapid colonization by marsh planés.

Oceanography

All currents in the inlet appear to be the result of tidal action.
These currents are confined largely to the major channels and reach ad-
joining mudflats only during high tides. Although the estuary has a
fairiy large surface area its tidal prism is comparatively low because
most of the water ié contained in the channels which are small compared
to tﬂe total areé_they supply. At low tide all of the water is contained
in these channels and the mudflats are subaerially exposed. Consequently
even the freshwater input, though it is comparatively low (no major rivers),
dilutes the incoming seawater substantially, especially at low tide. This
contrasts sharply with the LaHave estuary near anenberg, N. S. which is
associated with a large rivexr but has a smaller surface area. Seawater
is not diluted as much as in Chezzetcook however, bscause it is deeper
and has a larger tidal prism (Scott, unpublished data) .

Detailed physio-chemical data were collected concurrently with
foraminiferal sampleslgiables 1, 2, appendix). Unfortunately most
of these.data were obtained only at the time of bottom sampling. At
five stations (22B, 23B, 49, 50, 51) at least two measurements of the

salinity/temperature/depth profile were made on different tidal cycles. .

’

Since it 'was not possible to reach most mudflat areas by boat except at

high tide, most of the measurements were taken in the interval of two
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hours before high tide to two hours following the high tide. It was
impossible to obtain measurements at the same moment of the tidal cycle
for each station so values in Tableé 1, 2 (appendix) should be inter-—
preted in the context of the tidal cycle. Maximum salinity values would
be expected at and just after flood tide.

The zones recognized by foraminiferal content can be briefly
described in terms of maximum salinities recorded at these stations.
The upper estuarine subzone A (Sta. 213-27A, 28A-30C) has an average
salinity of 15.8%, (SD. = 3.209%,,) with values ranging 11.6-21.1% , with
lowest values occurring in the West Head. The upper estuarine subzone B'
(27B, C, 31A-34C) has an average salinity of 20.49% ., (SD. = 4.313@0) with
values ranging 13.1-26.4% ., with highest values occurring at the boundary
with the lower estuarine zone. The lower estuarine zone (34D-39A) has an
average salinity of 29.7%,, (SD. = 1.719% ) with values ranging 25-31%
with highest values on boundary with the open bay zone. The open bay
zone (Sta. 39B-41E) has an average salinity of 31.4%,, (SD. = .29%,)
with values ranging 30.8-31.8%,. The gearshore zone is identical to the
open bay zone in terms of salinity. The sparse data that could be ob-
tained at low tide demonstrate that salinities can be much lower during
low tide. Low tide bottom water salinities at stations 21-23 ranged from
0-2%, ., while high tide salinities for stations 22B and 23B ranged 13-177,,.
These stations are at the head of the estuary where the maxir uu variabi-
lity would be expected with decreasing variébility down the estuary.

’

However, in the bottom water, salinity variations remain surprisingly

high even near the mouth of the estuary. At stations 49, 50, and 51
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values of 26, 27, and 29%,, respectively were obtained two hours before
high tide. The same stations recorded values of 31, 31, and 31%,, one
hour after high tide, showing increases of 5, 4 and 29%,, with high tide.

Stations in the "pond" area (Stations 42-44) had uniformly high
salinities (319%,,) at the time of sampling. Salinities here probably
do not change substantially with the tidal cycle because of almost non-
existent tidal action. Salinities were high because the sand barrier
just seaward of station 44 had recently been breached by storm waves,
allowing large amounts of undiluted sea water to invade the area. The
"pond" was mildly brackish until recently as evidenced by the dead fresh-
water plants that were observed during sampling. This area is important
because it represents an area where neither a brackish condition or an
oceanic condition can become permanently established.

The water temperatures in the inlet are controlled by two factors:
atmospheric temperatures and ocean water temperatures. Atmospheric
temperatures are the most variable. In areas where there is less
oceanic influence (i.e. near the head of the estuary) water temperatures
are close to air temperatures. The presence of a sharp halocline is
usually associated with a well-defined thermocline with warmer, less
saline water on top and colder more saline oceanic water below. During
the winter when the ocean is warmer than the atmosphere, there is
probably a reverse thermocline with warmer, oceanic water below colder,
less saline water. Because of ice conditions, this could not be veri-
fied. Bottom water temperatures at the head of the estuary probably

vary from-.5 (?) to +20°C over the year while temperatures at the mouth
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may vary between -.5 and +12°C, roughly the same as the ocean.

The Chezzetcook estuary cannot be simply classified as stratified,
partially stratified, or vertically mixed because all three types are
present. The estuary tends to be more stratified near the head and
less stratified seaward. The stratifiéation depends on the supply of
freshwater and this supply decreases seaward. Stratification is most
pronounced at high tide at the head of the estuary (e.g. Sta. 22B,

June 2) and at low tide near the mouth (e.g. Sta. 49, 1010h).

The tidal range of the inlet, which is of great importance to this
study, varies between the upper and lower parts of the estuary. At the
East Head of the estuary tidal gauge data taken at the railroad trestle
show +the maximum tidal range to be 186 cm with higher high water at
+192 cm and lower low water at +6 cm with Z, (mean sea level) at +107 cm.
The mouth of the estuary is taken to be the same as that observed at
Halifax which has a maximum range of 214 cm with higher high water at

+226 cm and lower low water at +12 cm with Zq being at 125 cm.

Surficial sediments

The distribution of sediments with respect to grain size (Table 1)
followed the characteristic pattern of a shallow, marine dominated
estuarine-lagoon system. Fine sediments at the head of the estuary grade
to coarser sediments at the mouth (Phleger, 1969, 1977). The modal grain
size in the channels is at least one size class larger than sediments
found on adjoining mudflats. In some river dominated systems, such as
Miramichi (Reinson, 1976), the opposite occurs: finer sediments occur in

channels and coarser sediments occur on adjoining shallow areas.



STATION NUMBER 22a 22b 33b 33c 34c 344 3% 39¢ 49 53
Percentage (by wt.)

>140 0 0 0 0 0 0 0 0 1.0 0
0-19¢9 0 0 .1 0 0] 0 0 0 .6 0
1 -09¢ 0 0 0 .1 0 0 0 0 1.3 .2
1-29 0 0 0 .2 .1 0 .1 1.3 33.4 5.2
2-3¢ o .3 .6 1.3 24.6 | .3 9.4 | 77.1 |e1.1 |88.4
3-49 0 3.6 13.8 3.0 32.0 8.1 47.6 17.0 .8 5.1
4 -6 @ 19.6 63.9 50.0 43.0 17.6 61.2 31.2 1.5 .5 .3
6 -84¢g 49.9 18.0 18.2 29.6 16.1 16.6 4.4 0 .5 .3
<8¢ 28.9 13.8 16.7 22.6 9.2 13.6 6.0 1.9 .5 .3
Table 1. The grain size distribution of some estuarine sediments, Chezzetcook Inlet.

ve
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Organic carbon content of the sediments is 10-15% (dry weight) near
the head and decreases to less than 1% at the mouth (Sta. 49-55). Values

on the mudflats were generally higher than in the channels.

Foraminiferal results

A total of 74 species of benthonic Foraminifera were identified in
the estuarine samples of Chezzetcook. Thirty-one species had living
representatives in the sediments at the time of sampling (fig. 6, fold-
out 1,2). Six assemblage zones were recognized using an intuitive visual
approach: upper estuarine zone A, upper estuarine zone B, lower estua-
rine, open bay, open ocean-nearshore, and stagnant-brackish "pond" (fig.
Additionally, a freshwater lake above the West Head of Chezzetcook was
sampled for Thecamoebians (sta. A, B, fold-out 2).

The upper estuarine assemblage zone A (stations 21A-27A, 28A-30C)

is characterized by high percentages of Miliammina fusca with lesser

percentages of Ammotium salsum and Ammobaculites foliaceus. In areas

where channels were narrow (i.e. sta. 25, 28-30) there were high numbers

of the marsh species Trochammina inflata macrescens, Trochammina inflata,

and Tiphotrocha comprimata. Since the sides of these channels were com-

posed of marsh peat which was continually caving into deeper areas, the
presence of these marsh species were probably the result of contamina-
tion and they are therefore not characteristic of zone A. This zone-
had an average number of species/station of 7.5 (SD = 1.26) with 99.1%

(SD = 2.80) arenaceous species.

7).



Figure 6.
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Sampling locations for estuarine samples, Chezzetcook. Nots
each sample is marked by a dot due to the small scale of the
map.
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Chezzetcook Inlet
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Figure 7.

Distribution map of
Chezzetcook Inlet.
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The upper estuarine assemblage zone B (sta. 27B, C, 31A-34C) is
a small zone that appears between the upper estuarine zone A and lower

estuarine assemblage zones. Miliammina fusca is the dominant species, A.

salsum increases and A. foliaceus decreases compared to zone A. Ad-

ditionally, Hemisphaerammina bradyi and Protelphidium orbiculare occur

more regularly. This zone had an average number of species/station of
8.7 (SD = 1.97) with 98.2% (SD = 2.0) arenaceous species.
The lower estuarine assemblage zone (sta. 34D-39A) is characterized

by increased abundances of calcareous species. Cribroelphidium

excavatum, C. excavatum clavatum, C. excavatum selseyensis, and Ammonia

beccarii, all calcareous species, make their first sustained appearance
in this assemblage zone. Alsoc appearing more commonly are Eggerella
advena, H. bradyi and P. orbiculare. Conversely, percentages of M. fusca
and A. salsum decrease measurably with A. foliaceus disappearing almost
completely. This zone had an average number of species/station of
12.8 (sp = 4.6) with 59.6% (SD = 26.2) arenaceous species.

The open bay assemblage zone (sta. 39B-41E) is‘characterized by
the appearance in small but significant percentages of some open ocean
species together with the disappearance or dramatic reduction of some

v

of the estuarine forms. The dominant species are the Cribroelphidium

spp., and P. orbiculare. The open ocean forms entering are Buccella

frigida, Cibicides lobatulus, Glabratella wrightii, and Rosalina

columbiensis. The estuarine forms disappearing are A. salsum, H. bradyi,
and M. fusca. This zone had an average number of species/station of

24.9 (SD - 6.8) and 24.6% (SD = 12.0) arenaceous species.
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The open ocean-nearshore assemblage zone (sta. 49-55) is char-
acterized by the absence of the estuarine forms observed in other zones.

The zone is dominated by Cribroelphidium incertum and C. lobatulus

with Quinqueloculina semiulum and R. columbiensis being moderately common.

This zone had an average number of species/station of 12.8 (SD = 6.0)
and 0.6% (SD = 1.12) arenaceous species.

The final assemblage zone, the stagnant-brackish ("pond") zone is
characterized by extremely low numbers of individuals. The most common
species appear to be P. orbiculare and A. foliaceus. However, there is
no regular distributicon with such low abundances. This zone had an
average number of species/station of 2.9 (SD = 2.3) and 65.7% (SD = 36.8)
arenaceous species.

The lake contained only freshwater "thecamoebians". The samples
taken were bulk samples, not standard size, collected for the purpose
of locating the source of the few thecamocebians observed in the estuarine
sediments.

These data were subjected to a Jaccard's coefficients of association,
unweighted pair-group method (the same as that used by Scott et al.,
1977). Best confidence levels (.30) were recorded for the divisions
between the lower estuarine-open bay group, the nearshore group, and the
upper estuarine group. Lower confidence levels were recordedAfor the
divisions between the lower estuarine zone and the open bay (.45) and
between upper estuarine zone A and zone B (.50). For a comparison of
the author's wvisual technique and this statistical approach see Scott

et al. (1977).
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Comparison with other estuarine environments in the Maritimes

Chezzetcook estuary differs from other estuaries investigated in
Atlantic Canada because most of the estuary is intertidal rather than
subtidal. In faunae reported from deeper estuaries of Atlantic Canada

the species Ammotium cassis dominates at least part of the estuary

(LaHave, Allen and Roda, 1977; Miramichi, Scott et al., 1977) with the
notable exceptions of Tracadie Bay (Bartlett, 1965) which is a shallow
estuary, and the same Miramichi estuary in 1964 (Bartlett, 1966). In
Chezzetcook this species is completely absent.

Despite the absence of A. cassis the faunae observed in Chezzetcook
are similar to those observed in Miramichi. The upper estuarine zone A
in Chezzetcook compares almost exactly with the river assemblage of
Bartlett (1966) and the upper river of Scott et al. (1977) in Miramichi.
The upper estuarine zone B of Chezzetcook is moderately similar to the
lower river assemblage of Scott et al. (1977) in Miramichi. The major
difference between the upper estuarine faunae of Chezzetcook and the
river faunae of Miramichi is that there are large numbers of thecameobians
in Miramichi and very few in Chezzetcook. The lower estuarine and open
bay faunae of Chezzetcook can be most closely compared with the open bay
faunae observed in Miramichi by both Bartlett (1966) and Scott et al.
(1977). However, the open bay fauna of Chezzetcook contains many more
open ocean forms than anywhere in Miramichi. The transition fauna ob-
served in Miramichi by Scott et al. (1977) appears to have no corre-
spondent in Chezzetcook. There are no comparable environments for the

"pond" or nearshore assemblages in Miramichi.
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In other estuaries and bays in the Maritimes one assemblage usually

dominates: A. cassis-Eggerella advena-Protephidium orbiculare in LaHave

(Allen and Roda, 1977); Cribroelphidium group-E. advena in Halifax

Harbour; (Gregory, 1970), and Ammonia becarii - Cribroelphidium spp. -

E. advena in Tracadie Bay, P.E.I. (Bartlett, 1965). Tracadie Bay is
interesting because it has the only other large populations of A. beccarii
reported from the Maritimes. Schafer and Cole (1976) report an
A. cassis - E. advena assemblage occurring near the head of Chaleur Bay,
New Brunswick.

Bartlett (1964) reported on faunae in Mahone Bay and St. Margaret's

Bay however, these faunae are nearshore, rather than estuary, assemblages.

Discussion

From the salinity data it can be observed that a major break in
the salinity regime occurs between the upper estuarine and lower estua-
rine-cpen bay zones. This is reflected in the percentage of calcareous
species observed in these two broad areas: usually less than 2% in the
upper estuarine zones and 40-80% in the lower estuarine and open bay
zones. The average maximum salinity in most of the upper estuary is less
than 209%,, with minimum salinities much lower. The average maximum
salinity in the lower estuary and open bay is close to 30%, and probably
does not fall below 20%,,. It has been suggested by Bartlett (1966) that
20%,, 1s the lowest salinity that most calcareous forms can survive for
extended periods of time and the Chezzetcook data appear to support

this.
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The differences between the open bay and upper estuarine faunae
could depend on a number of factors. The proximity of the open bay
zone to the nearshore environment makes this area slightly more stable
in terms of environmental variability. However, it is also more sus-
ceptible to "contamination" from the much more diverse nearshore fora-
miniferal populations. This is reflected by a sharp difference in the
average number of species between the lower estuarine zone (12.8 species/
station) and the open bay zone (24.9 species/station).

Three of the described assemblage zones are not comparable with
the ones just discussed: the nearshore zone, the "pond", and the
freshwater lake. The nearshore assemblage appears to be an attached
fauna and its occurrence can be correlated with the coarser sediments
and strong currents present at stations 49-55. The "pond" fauna repre-
sents a stagnant-brackish condition in which foraminifera or even
thecamoebian faunae are not likely to become established because the
environment can change suddenly from a brackish to a marine condition.
Cores in this area would possibly reveal if there have been periods
of time when conditions were sufficiently stable to permit large popula-
tions of foraminifera or thecamoebians. Piper and Scott (in Piper and
Keen, 1976) recognized a stagnant brackish sequence in a late Holocene
deposit from a core in Mahone Bay which had short sequences containing
a distinct nearshore fauna. This can occur when the barrier is breached
in an area such as the "pond" in Chezzetcook and remains open over a
period of a few years. The freshwater lake fauna was examined to esta-

blish the source of the few thecameobians in the upper estuarine fauna.
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The number of thecamoebians in any upper estuarine fauna is probably
directly proportional to the freshwater inflow. The Miramichi estuary,
which not only has the large Miramichi River source but several other
large streams discharging along its length as well, has a large repre-
sentation of thecamoebians. Chezzetcook, with only two small streams
entering at the head, has very few thecamoebians in the estuarine sedi-
ments. Bolli and Saunders (1954) suggest that thecamoebians do not
live in estuarine sediments, but that they are only contaminants from
freshwater sources upstream. The results from Chezzetcook and
Miramichi tend to support Bolli and Saunders (1954).

A confused assemblage can occur in those areas in the upper
estuary where the channels are narrow and steep with marsh peat con-
tinually falling into lower areas (sta. 28-30). However, such an as-
semblage in ancient sediments can be used to determine if subsurface
intertidal-subtidal mud deposits were in close proximity to a salt
marsh. It is likely that ancient sediments containing an upper
estuarine fauna without high numbers of marsh species were deposited in
an area at least as open as stations 21, 22 in the East Head of
Chezzetcook.

One characteristic of the Chezzetcook assemblages is the total ab-

sence of Ammotium cassis. In the estuaries where A. cassis is observed,

it is usually found in relatively deep, stable areas where there is a
"ponding" effect with high organic content and rapid sedimentation rates
(Scott EE.E&" 1977). Data from Chezzetcook indicate that temperature

and salinity ranges (even in the deeper channels) are too great to allow
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A. cassis populations. The author believes that A. cassis is essentially
a nearshore form that invades estuaries where conditions are favorable
(i.e. stable enough). Usually the associated sediments are high in
organics and have a comparatively low pH which is favorable to A. cassis
because it is an arenaeous form not subject to solution in acidic con-

ditions. Ammotium cassis, while usually not particularly abundant in

nearshore sediments, can occur in large numbers in estuaries. This is
probably the result of a comparatively lower level of competition from
the more primitive estuarine forms. This type of relationship has been
recognized in the coastal lagoons of southern California where characteris-
tic nearshore arenaceous forms occur in the inner part of the deeper
lagoons in large numbers (Scott et al., 1976). As suggested by Scott
et al. (1976) the presence of these arenaceous nearshore forms can be
used to indicate the presence or absence of a deep, stable lagoon as
opposed to a shallow, unstable iagoon. If A. cassis was observed in
drill holes of cores in Chezzetcook, it would suggest that at one time
Chezzetcook was a deeper, more stable estuarine system.

One species which occurs very rarely in the deeper estuaries, but

is present in some abundance in Chezzetccok, is Ammonia beccarii. This

species needs relatively high temperatures to reproduce (20°-30°C,
Bradshaw, 1957) which do not occur in the deeper estuaries in northern
areas. Significantly, the first reported occurrence of large living
populations of A. beccarii in the Maritimes was in Tracadie Bay, P.E.I.,

another shallow, unstable estuarine area (Bartlett, 1965). Similarly,
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the northernmost reported occurrence of A. beccarii on the west coast

of North America is at a shallow, protected intertidal bay 80 miles north
of Seattle, Washington (Scott, 1974). Just as A. cassis signifies a
deeper area, A. beccarii indicates a shallow, highly variable environ-
ment, especially in northern areas.

Comparison of adjacent intertidal and shallow subtidal samples in
Chezzetcook indicates that no distinction can be made on the basis of
foraminiferal content between intertidal mudflat and shallow subtidal
environments in Chezzetcook. Conversely, in a deeper estuary (Miramichi)
Bartlett (1966) demonstrated that the intertidal and subtidal areas
could be distinguished by means of foraminifera. However, the contrast
between the environmental stabilities of these areas is much higher in
Miramichi than in Chezzetcook. If though there are slight differences in
the sedimentological characteristics of the mudflats and channels in
Chezzetcook, they are not sufficient to delineate intertidal from sub-
tidal without faunal evidence. Since the intertidal and subtidal sedi-
ments of Chezzetcook cannot be delineated, their use as indicators of
former sea levels can only be approximate. These environments extend
from mean sea level (MSL) to approximately 5 meters below MSL and their

accuracy as datum indicators is % 2.5 m.
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CHAPTER 5

CHEZZETCOOK SALT MARSH AREA

Vegetation

A distinctive characteristic of most salt marshes in the world is
the apparent vertical zonation that occurs within the marsh (Chapman,
1960). Additionally, there are newly forming or colonizing marshes where
the full wvertical range has not become established as compared to an
older or mature marsh where the full vertical zonation has developed.

An overall view of the salt marsh distribution in Chezzetcook (fig. 8)

illustrates that most of the mature marsh areas (Spartina patens) are

confined to the upper estuary. One large mature marsh area is near the
mouth behind the large barrier at Cape Entry. The mature marsh in the
East and West Heads has a morphology distinct from the marsh areas on

the lower estuary. Most of the marsh shown as Spartina patens is con-

tained in an extremely narrow vertical range (15-20 cm) and has vir-
tually no vertical gradient. The high marsh is a relatively narrow band
of vegetation occurring along the landward edge of the area (Scirpus in
fig. 8). The channels are steep-sided because the marsh peat forming
the sides of the channels is continually being undercut which causes

caving. On these steep sides the low marsh (Spartina alterniflora in

fig. 8) is developed; however, because its horizontal extent is severely
restricted, the low marsh does not develop to its fullest potential.
Along these steep channels levees with a distinctive Solidago flora also

develop. Areas lacking steep sided channels have poorly developed



Figure 8.

Areal marsh vegetation distribution in Chezzetcook Inlet.
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Figure 12.

Plant and salinity distributions along transect V, Chezzetcook. Dots are sampling locali-
ties and vertical bars are percent occurrences of plant species at each locality.
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Other parameters that have been examined in Chezzetcook are salinity,
total organic carbon content of the sediments, and seasonal variations
of temperature and precipitation. Of these salinity was monitored the
most closely. Due to the extreme difficulty of obtaining accurate
sediment salinities at high tide, most salinity values were measured at
low tide. Since salinities were measured at low tide they may repre-
sent minimum values, especially during periods of high freshwater run-
off. At high tide the marsh is flooded with more saline water, probably
raising the salinities temporarily.

Salinity measurements were obtained that show seasonal differences
(fig. 14, table 2), differences along the vertical gradient in the
marsh (figs. 9-13, table 2), and differences between marshes in the
upper and lower estuary (figs. 9-13, table 2). The seasonal changes are
best documented at stations 4, 7, and 20 (fig. 14). Station 4 is
located in the upper, station 7 in the lower, and station 20 in the
central estuary. All stations demonstrate that salinities are lowest
in the spring and fall when freshwater runoff is at its maximum. Ad-
ditional less detailed seasonal data show salinity increases frém spring
to summer (Table 2). The upper estuarine marsh station (4a, b) has
the widest range of variability (0-20%,,) but values in the upper
estuarine marshes were never as high as those observed in the lower
estuary (sta. 7¢, 4, 20-309%,,). The best documented vertical salinity
data were obtained along the five transects. Transects III-V are most
easily compared as these data were collected at the same time of year

(fig. 10, 13, 12 respectively). Transect III in the upper estuary il-
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Table 2.

The vegetation, salinity, dates of collection
Chezzetcook marsh stations.

Plant abbrevations:

S.C.
S.p-.
S.a.
J.qg.
Pl.

P.a.

Spartina cynosuroides
S. patens

S. alterniflora
Juncus gerardi
Plantago

Potentilla anserina

G.R.
scp.
Sn.
Dy.
Li.
M.F.

and some organic carbon contents of the areal

- Solidago sempiverens
- Scirpus spp.

- Salicornia

- Distichlis

- Limonium

- mudflat

19
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lustrated little salinity change with elevation largely because most

of the transect was contained in one narrow vertical floral kline. How-
ever, the highest salinity measured was the low marsh (26%,,) and the
lowest in the high marsh (10%,,) indicating an inverse relationship-
between salinity and elevation. The inverse relationship was established
more clearly in transects IV and V where all floral klines were more
equally represented. Salinities appeared to be uniformily low in all high
marsh areas (3-10%, ) but increased seaward in the middle and low marsh
floral klines. Maximums of 30%, in the low marsh areas of transect IV
were observed. All measurements for transects III-V were carried out in
the summer and they probably represented maximal salinity values.
Transects I and II (figs. 9, 1l) were carried out in the fall of the
previous year and, although not strictly comparable to transects III-V,
they showed the same inverse relationship.

Organic carbon content was measured at a few selected localities
(table 2). These measurements demonstrated that the organic carbon con-
tent of the marsh sediments was ususally much higher thanAthat of the ad-
jacent mudflats. The data also illustrated a moderate vertical gradient
in the organic carbon content, with organic carbon decreasing with de-
creasing elevation. High marsh values ranged from 18-50% organic carbon
(dry wt.), middle marsh values ranged from 25-13%, and low marsh values
ranged from 12-31%.

Temperature and precipitation data were obtained from the Environment
Canada Atmospheric Centre (fig. 15). Since the marsh is subaerial much

of time atmospheric temperatures are representative of those occurring
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at 0.6 mm/yr. Chapman (1976) included data from other sources sug-

gesting the same trend for other marshes.

Foraminiferal results

Three types of sampling were carried out in the marsh area of
Chezzetcook: 1) an areal survey to determine relatively large scale
lateral variations, 2) extremely detailed transects across the marsh
surface to determine small scale vertical and horizontal variations, and
3) seasonal sampling to determine if population peaks changed the over-
all composition of various faunal klines seasonally (e.g. could a low
marsh faunal kline from a winter period be confused with a high marsh

faunal kline from a summer period.

Areal samples: In these stations (1-20, 45~48, 56, foldout 1) 33 species,

19 living, were cbserved and vertical faunal klines as well as lateral
groupings could be delineated. Vertical faunal klines will not be dis-
cussed in detail in conjunction with these samples. Both lateral and
horizontal variations in foraminiferal associations can be divided into
three distinct environmental groups: upper estuarine, central estuarine,

and lower estuarine marshes.

Upper estuarine marshes: This association was observed in the East and

West Head areas (Sta. 4, 5a-d4, 6, 9-18, 45, 56, tables 3-5, appendix).

It appears to be dominated at all levels by Trochammina inflata macrescens.

Large populations of Tiphotrocha comprimata also occur. In higher ele-

vations Haplophragmoides bonplandi is common and sometimes dominates.
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In the lower areas Miliammina fusca, Ammobaculites foliaceus, and

Ammotium salsum are common. In the uppermost estuarine areas H.

bonplandi disappears (sta. 6, 9, 10). At stations 45 and 56 some

thecamoebians are observed in the lower areas.

Central Estuarine marshes: This association was observed in the seaward

portion of the West Head and down the estuary almost to the mouth
(sta. 1-3, Se-g, 20, 46-48, table 3-5, appendix). The central
estuarine marshes are generally narrower with a more uniform vertical
gradient than the marshes observed in the upper estuary. The area is

dominated by T. inflata macrescens in the higher areas and M. fusca

in the lower areas. H. bonplandi disappears from the high areas except
for an isolated occurrence at station 46, and A. foliaceus is absent

from the lower areas. The calcareous species, Cribroelphidium excavatum,

Protelphidium orbiculare, and Ammonia beccarii, make their first ap-

pearances. Stations 47 and 48 represent areas of newly forming marsh
and only the lowest marsh is present. The faunae observed at these
stations correspond with the lowest parts of the fully developed marshes.
Distributions at these stations are extremely irregular and populations

are usually small.

Lower estuarine marsh: This is a relatively small marsh area near the

mouth (sta. 7, 8, 19, tables 4, 5, appendix). The area is dominated
almost exclusively by M. fusca; however, large populations of C.

excavatum, A. beccarii, Helenina anderscni, Hemisphaerammina bradyi,

Trochammina inflata, and Jadammina polystoma also occasionally occur.
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Transects: Five transects were sampled, two each in the upper estuarine
and central estuarine marshes and one in the lower estuarine marsh.
Plant and salinity distributions for these transects have already been

discussed.

Upper estuarine transects - I and III: Transect I (fig. 16, table 6,

appendix) was located in the West Head and transect III (fig. 17, table 7,
appendix) was in the East Head. At 95~100 cm a.m.s.l. foraminiferal
numbers decrease sharply in transect I. Unfortunately no samples were
obtained from comparably high elevations in transect III; however, the
most landward sample (no. 2, table 7, appendix) at 88 cm a.m.s.l. shows

a decreased population. This corresponds reasonably closely with the
higher high water datum (HHW, 85 cm a.m.s.l.), as determined with tide
gauges at the head of Chezzetcook. Just below (88—92 cm a.m.s.l.) an

almost monospecific fauna containing 99-100% Trochammina inflata

macrescens is observed (faunal kline Ip). In transect I a faunal sub-
subkline is developed (IB_l) in the elevation range 70-88 cm a.m.s.l.

and is characterized by T. inflata macrescens, Tiphotrocha comprimata,

and Haplophragmoides bonpiandi. This faunal sub-subkline is developed

only at the landward end of transect III. Faunal sub-subkline Ig_s
(60-70 cm a.m.s.l. in I, 70-85 cm a.m.s.l. in III) is characterized by

the same species as in I except for the absence of H. bonplandi.

B-1
The lowest faunal kline in this area (II) is extremely compressed hori-

zontally but is large vertically (see figs. 13, 14). The total range

of this faunal kline is -12 to 60 cm a.m.s.l. in I and -34 to 70 cm
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Figure 16. Foraminiferal occurrences along. transect I, Chezzetcook.

Dots are sampling localities, double vertical bars are
replicate percents of species at each locality. Horizontal
connecting lines are used here to subjectively average out
intra-klinal variations. Total numbers often are higher
than 1000, however all important variations occur between
0 and 1000.



Figure 17. Foraminiferal occurrences along transect III, Chezzetcook. Dots are sampling localities;
double vertical bars are replicate percents of species at each locality. Horizontal con-
necting lines are used here to subjectively average out intra-klinal variations. Total
numbers often are higher than 1000, however all important variations occur between 0 and 1000.
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a.m.s.l. in ITII. The faunal kline can be divided into two subklines
(an upper subkline IIA and a lower IIB); however, their exact vertical
boundaries could not be determined because the steep vertical gradient
prevented good sample coverage. Faunal subkline IIp is characterized

by the addition of Miliammina fusca and Trochammina inflata to the

species of faunal sub-subkline Ig_;- Faunal subkline IIz is char-
acterized by an increase in M. fusca accompanied by a decrease in the

species from the upper klines and increases of Ammotium salsum and

Ammobaculites foliaceus.

Central estuarine transects - II and V: Transect II (fig. 18, table 8,

appendix) was the most seawardwhile transect V (fig. 19, table 9,
appendix) was located farther up the estuary. At 100-110 cm a.m.s.l. in
both transects the foraminiferal numbers decrease sharply. This cor-
responds closely with HHW (as obtained from tidal data for Halifax which
is comparable to the open part of Chezzetcook) which occurs at 101 cm
a.m.s.l. Just below HHW (95-100 cm a.m.s.l.) in both transects faunal
subkline I, is present with a fauna containing 99-100% T. inflata
macrescens. Faunal subkline I (87-100 cm a.m.s.l. in II, 75-95 cm
a.m.s.l. in V) is characterized here by high percentages of T. inflata
macrescens with lower percentages of T. comprimata and M. fusca. Faunal
kline IT can again be divided into two subklines with the upper subkline
divided into two sub-subklines. The highest sub-subkline, IIA_l
(75-87 cm a.m.s.l. in II, 68-75 cm a.m.s.l. in V) is characterized by

the complete dominance of M. fusca. The lowest sub-subkline, IIp_»

(60-75 cm a.m.s.l. in II, 55-68 cm a.m.s.l. in V) is characterized by
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Figure 18. Foraminiferal occurrences along transect II, Chezzetcook;
dots are sampling localities and double vertical bars are
replicate percents at each locality. Horizontal connecting
lines are used here to subjectively average out intra-
klinal variations. Total numbers often are higher than 1000,
however all important variations occur between 0 and 1000.
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Figure 19. Foraminiferal occurrences along transect V, Chezzetcook.
Dots are sampling localities and double vertical bars are
replicate percents at each locality. Horizontal connecting
lines are used here to subjectively average out intra-klinal
variations. Total numbers often are higher than 1000, how-
ever all important variations occur between 0O and 1000.
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the addition of T. inflata. The lowest faunal kline in this area, IIp
(0-60 cm a.m.s.1l. in II, =25 to 55 cm in V) is characterized by a de-

crease in T. inflata accompanied by increases of Cribroelphidium excavatum

and A. salsum with M. fusca remaining the dominant species.

Lower estuarine transect-IV: Transect IV (fig. 20, table 10, appendix)

was located in the relatively large marsh area near the mouth (fold-out 1).
This area was chosen because it was the only érea near the mouth having

a fully developed marsh vegetation sequence. In the elevation range

from 78 to 103 cm a.m.s.l. there was virtually no foraminiferal fauna.

In the short range between 69 and 78 cm a.m.s.l. a fauna resembling those

observed in higher elevations at the other transects, with large percen-

tages of T. inflata macrescens and small percentages of T. comprimata
and M. fusca, occurs. Below 68 cm a.m.s.l. M. fusca dominates with various
points along the transect containing significant percentages of Helenina

andersoni, C. excavatum, T. inflata, or Jadammina polystoma.

The total foraminiferal population (live plus dead) has been con-
sidered because assemblages were being defined. As pointed out by
Albani and Johnson (1975) the total population 1is a more reliable indi-
cator of assemblages because all of the seasonal variations are inte-
grated into it, and no seasonal variation of living species will be
overemphasized. Comparison of replicate samples indicates that varia-
tions between the total numbers at any one station are usually small in
contrast with large variations between corresponding living populaticns.
Any meaningful interpretation of the assemblages based only on living

data would be extremely problematic because of these variations.
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Figure 20. Foraminiferal occurrences along transect IV, Chezzetcook.
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Seasonal data: Samples were collected over two seasonal cycles from

three stations in Chezzetcook {(4a, b, 7b-d, 20b). These samples were
used to determine seasonal variations of living populations and also to
demonstrate whether or not seasonal variations coculd significantly

alter the observed total assemblages.

Station 4: Station 4 was in the upper estuary marshes with 4a being in
high marsh and 4b in the middle marsh. Samples could not be collected
in this area after December or before April because of ice conditions.
At station 4a (fig. 21, 22, table 11, appendix) the living population
in September, 1975 was low (20-100) but the total population was large
(4000-4500) . The following spring (April, 1976) the living and total
populations were low and did not increase significantly until after May.
Populations observed in July were markedly increased over those of May
and continued to increase slowly through August. The populations re-
mained stable through November but decreased slightly in December. In
April, 1977, just after the ice had melted, both living and total popu-
lations were observed to be large, comparable to those of the previous
November. They continued to be high through June, 1977. Although fotal
numbers of individuals varied greatly depending on the season, the
assemblage observed at this station remained unchanged; i.e. regardless
of the total number of individuals, the relative percentages were vir-
tually constant (fig. 22). At station 4b the total and living popula-
tions varied similarly to those at station 4a except for a more signi-

ficant decrease in December, 1976 (fig. 23, 24, table 11, appendix).
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1004

90~

Total percent
o
O
[}

78

4a

——--—Trochammina
inflata macrescens
40~ ————--Tiphotrocha
comprimata
Hoplophragmoides
304 4 - bonplendi
M
201
104
¥ . ¥
'y
O'J-T 20 T N
20 25 ' 3014 28 269 a2 8 315 s Vs 8
€5 Sept. Apr May' June' July ' Aug Sept' Oct. ' Nov.'Dec. Apr’ May ' June
A° 1975 = 1976 > |97 T—>
Figure 22. Chezzetcook station 4a seasonal foraminiferal percentage

occurrences. Upper and lower values are actual replicate
values while the middle value is the average of the
replicates.



Figure 23.

4b

Chezzetcook station 4b seasonal foraminiferal living and
total occurrences. Upper and lower values are actual
replicate values while middle value is the average of the
replicates; log-normal scale.
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Assemblages at this location also remained unchanged. The difference

between 4a and 4b is the lower percentage of Haplophragmoides bonplandi
occurring at 4b. Closer examination of table 11 (appendix) reveals
that living populations of some species increase earlier than others

but this does not appear to significantly change the overall assemblage.

Station 7: Station 7 was near the mouth of Chezzetcook Inlet in the
lower estuarine marshes (near transect IV). Location 7b was in middle
marsh, 7c was in upper low marsh and 7d' was near the lower edge of low
marsh. Location 7b (fig. 25, 26, table 12, appendix) was located in
the upper section of transect IV where it was difficult to collect com-
parable samples due to the variability typical of this middle maxrsh.
Hence assemblages at 7b exhibit extremely high variabilty caused both
by spatial as well as temporal factors. In spite of this, a large in-
crease of the living population was observed in late September, 1976,
and persisted at least until November. Following the melting of the
ice in April, both total and living populations were uniformly high
again. Variations in the assemblage appear to reflect variations of
total and living populations with lower populations being associated

with higher percentages of Trochammina inflata macrescens (fig. 25, 26).

This suggests that some of the samples were at a slightly higher
elevation than others. Location 7¢ (fig. 27, 28, table 12, appendix)
illustrates a more typically seasconal pattern. Total numbers at this
locality revealed little variation with time except in the December,

1976 samples. However, living populations varied considerably; May, 1976

samples exhibited low living populations (20-40) which increased to
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7b

Chezzetcook station 7b seasonal, foraminiferal living and
total occurrences. Upper and lower values are actual
replicate values while the middle value is the average of
the replicates; log~-normal scale.
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140-190 in August and continued to increase to a maximum of 600-1000
living in October. The living number decreased to 300 in December, 1976
and then slowly increased through the winter and spring to 400-900 in
June, 1977. The composition of the fauna also changed noticeably with

the season (fig. 28). Miliammina fusca was the dominant form in all

but one sample (December, 1976), with percentages varying from 60 to
98%. Percentages of M. fusca were lowest in October to December when
living populations of the calcareous forms were large. The percentages
of M. fusca were highest in the winter-spring period when populations of
the calcareous species were extremely low. Location 7d4' (fig. 29, 30,
table 12, appendix) also exhibited its highest living and total popula-
tions in the October-December, 1976 time period with total numbers
dropping noticeably in December. No data could be obtained for the
January-March, 1977 interval. Following the melting of the ice in
April, 1977, living and total populations were both observed to be high.
As with 7c¢ there was considerable seasonal variation in the assemblage

observed at this station (fig. 30). Miliammina fusca again was the

dominate form, while Hemisphaerammina bradyi and Cribroelphidium excavatum

were common in the August-December, 1976 period. The April-May, 1977
samples show that M. fusca increased to 85-95% of the fauna while all
other species combined decreased to 3-10%. As with 7c the living
populations of M. fusca were highest in April and May and possibly were

high throughout the winter.

Station 20b: This station was located in the central estuarine marsh

area, close to the boundary with the upper estuary marshes, in the
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middle marsh floral kline. Total populations at 20b were uniformly high
except in May and December, 1976 (fig. 31, 32, table 13, appendix).
Living populations were highest during the late fall and early spring
(1977 only). As shown in figure 32, M. fusca was the dominant form in
all sampling intervals. The high living populations of this form ob-
served at this locality occurred during the same time interval as those
at station 7 except that living populations persisted into June, 1977 at
Station 20b while dying out by June at 7.

Other marsh stations, mostly in the upper estuary, were sampled
once in the early spring and once in the late summer (sta. 2a-c, 6a-c,
12b, 13b, 14b, 15b, 1l6a, b, 20a, c, table 14, appendix). Those stations
in the upper estuary confirmed the observations at station 4 that
populations were low in the spring of 1976 and were followed by higher
populations in the summer of 1976. Stations from the high marshes of
the central estuary (2a and 20a) established that populations in these
areas also had low populations in the spring of 1976 and correspondingly

higher populations in the summer, 1977.
Discussion

The detailed transect data are summarized in figure 33. The data
in figure 33 are generalized and some small variations have been aver-
aged. Considering the small vertical scale of the marsh and the many
biological and physical variables both the floral and foraminiferal as-
semblages suggest well-defined distribution patterns within the marsh

area.
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The plants remain the same in each floral kline in all parts of
the estuary although salinity changes noticeably from the upper to the
lower parts of the estuary. Only one floral kline appears to be a
response to lower salinity and that is the Solidago area which occurs
in the middle marsh kline of the upper estuary (fig. 8). It appears
that the development of floral klines is caused principally by elevation
changes (i.e. time of exposure). The development of the high marsh
floral kline, however, could be the result of increased freshwater in
higher parts of the tidal range. Many of the characteristic high marsh
floral types also inhabit freshwater and terrestial environments.

Since the floral klines are defined biologically some of the
boundaries are variable. This is particularly true at the base of the

low marsh where the bottom of the Spartina alterniflora can occur from

mean sea level (MSL) to 30-49 cm below MSL. It is not uncommon to ob-
serve individuals from one floral kline growing in the next higher
floral kline. This is not surprising when one considers that all these
plants are restricted from higher elevations by competetion rather than
being physically limited (C. F. Phleger, 1971).

Although there appears to be a close correspondence between the
vertical ranges of the floral and faunal klines, it is not an exact one.
There are only two major faunal klines compared with three major floral
klines. The boundary between faunal klines I and II occurs in the
central range of the middle marsh floral kline. The vertical boundaries
of the faunal klines closely parallel mean £ide levels: faunal kline Ip

occurs at and just below HHW, IB from MHHW to HHW, IIA from MLEW to
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to MHHW, and IIB from MSL (or below) to MLHW. Local occurrences of

species such as Haplophragmoides bonplandi, Ammobaculites foliaceus,

and the calcareous species not only increase the sensitivity of the
faunal kline to elevation but also allow detection of other environmental
characteristics such as salinity.

It appears clear that marsh foraminiferal faunal klines in Nova
Scotia can be accurately equated with distinct vertical horizons in a
salt marsh sequence. Thus, one is able to correlate non-modern sub-
surface marsh deposits with former sea levels much more accurately than
had been thought possible. As the data from the transects demonstrate,
however, certain faunal klines within the marsh yield higher accuracy
than others since (the larger the vertical range, the lower the accuracy).
The least accurate faunal kline is II, particularly IIy, because it has
the largest vertical range of all the faunal klines. Faunal kline Ip
has the lowest vertical range and the top of this kline is distinguished
by a sharp decrease in foraminiferal numbers which accurately locates
the HHW datum.

There are a number of reasons why, in addition to high accuracy,
the HHW datum is a particularly favorable one to locate: 1) HHW
represents a strandline deposit denoting the first marine incursion into
an area thus representing the base of most marine transgressive sequences,
2) the basal sequence is usually overlying a non-compactible substrate
such as glacial till, bedrock, paleosoil, etc., and is only marginally
susceptible to autocompaction of salt marsh peat (Kaye and Barghoorn,

1964), 3) HHW is distinctive because of its low foraminiferal numbers, and
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4) because HHW is a strandline deposit, it usually contains many small
wood fragments that provide excellent carbon-14 dating material. This
last point cannot be overlooked when attempting to determine temporal

as well as spatial position of a changing sea level. Clearly, however,
the HHW datum must be located in a continuous sequence of marsh de-
posit (such as in cores or drill holes) to give significance to the
negative evidence of no foraminifera (which in itself is meaningless) as
a datum indicator.

Most of the low marsh foraminiferal species also occur in the
adjacent mudflat and shallow subtidal sediments. This makes it virtually
impossible to distinguish faunal kline IIy from the mudflat and shallow
subtidal areas in Chezzetcook using only foraminifera. The total numbers
are usually higher in marsh sediments, but this is not always a gcod
indicator. In sediments where low marsh is grading into mudflat, sedi-
mentological data (i.e. the high organic content of the marsh sediments)
as well as foraminifera must be considered.

The seasonal data gathered at Chezzetcook are potentially the most
important part of this work because of the paucity of information re-
garding‘seasonal fluctuations of nearshore foraminifera. Its importance
to this particular investigation was in demonstrating that, although
large seasonal variations did occur in both living and total populations,
these variations did not significantly affect the relative percentages
of any species {(i.e. the total assemblages did not change). This was

best illustrated at station 4. Locations 4a and 4b were only a few
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meters apart; however, 4b was slightly lower than 4a. Haplophragmoides

bonplandi was always relatively common at 4a but not at 4b. At station
7c there were significant changes in the total fauna but the changes
were restricted to calcareous species; they would not cause confusion
in paleo-marsh studies, because calcareous species disappear from sub-
surface sediments.

Some of the more interesting aspects of the seasonal data arise
when comparing the two separate years of samples. Comparison of the
fall, 1975 data with the fall, 1976 populations indicates something un-
usual had occurred in 1975 which lowered the living population to a bare
subsistence level. This apparently had a devastating affect on the
spring 1976 populations which remained low until at least June, 1976.

By contrast, in the fall of 1976, living populations remained high until
December and the following spring were observed to be high immediately
after the ice melted. The only difference in general conditions between
the two fall intervals appears to be the amount of precipitation oc-
curing in the preceding summers. The summer of 1975 was one of the
driest on record while the summer of 1976 had an average amount of
precipitation. No salinity data were obtained in the fall and summer

of 1975 but it may be speculated that salinities there were higher than
those of the subsequent year. The higher salinities combined with a
dessication affect may have caused the massive decrease in the living
populations of 1975. A summer as dry as that of 1975 will probably not
occur again for some time; therefore comparable results will not be
readily available. In any event the data from 1976-1977 season should

be the most typical.
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Another interesting problem arising from the seasonal data of 1975
is that of the high total populations in the fall of 1975 and the much
lower populations the following spring. What occurred to cause the
disappearance of a large part of the fall population? Some marsh sedi-
ment containing foraminifera was divided into two equal halves; one
half was frozen and the other half was examined for foraminifera im-
mediately after collection to be used as a control. After a month the
frozen sediment was examined and there was no difference in foramini-
feral numbers between the frozen and unfrozen sediment indicating that
freezing had no detrimental effect on the preservation of the foramini-
feral tests. One possible explanation for the phenomenon is that during
the high runoff periocds of the late fall and early spring the foramini-
feral fauna may have been diluted by terrigenous material. In the ab-
sence of living forms, which could migrate to the surface, the population
was buried.

The data from the season of 1976-77 must be explained in a diffex-
ent manner. At station 4 in the fall of 1976 living populations re-
mained high through November and suddenly decreased in December. The
following spring populations were almost identical to those observed in
November, 1976. It appears that the living population might have been
migrating vertically to levels below the ice during the winter and
returning to the surface followiné the melting of the ice. This would
explain why the population dropped in December as ice was just beginning
to form. It would also explain how the surface marsh became populated

so gquickly after the ice melted in the spring of 1977. Because of the
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cold temperatures during the winter, metabolic processes in the fora-
minifera would be greatly reduced, and there should be a low mortality
rate during this period. Hence, the migration should be complete in
both directions with little contamination of dead subsurface assemblages
from living surface populations.

Large total populations of Miliammina fusca were observed in some

summer samples with few living individuals. According to the accepted
interpretation, the small L/T ratio here would suggest a low sedimenta-
tion rate. However, the late fall and winter samples demonstrated that
large living populations of M. fusca occur in the winter, not the

summer. Hence, the high total populations observed in the summer are resi-
duals of the large living winter populations. Parker and Athearn (1959)
also observed large winter pcpulations of M. fusca in Massachusetts.
Equally interesting was the large decrease of calcareous species during

the winter. Walker (1976) recognized a similar relationship between
calcarecus and arenaceous species in the tide pools of Nova Scotia.

Scott et al. (1977) noted that percentages of Protelphidium orbiculare

(calcareous) were lower in the winter with corresponding higher per-

centages of Ammotium cassis (arenaceous) in Miramichi Estuary, New

Brunswick. These data suggest that the calcareous and arenaceous
species, at least in colder climates, do not really co-exist but live in
separate time intervals. This could be either an environmental or com-
petitive response or a combination of both. Certainly the shallow water
calcarecus forms are under environmental stress in many estuarine and

marsh sediments where the pH is low. They are subjected to further



99

stress in the winter because calcium carbonate is more soluble in cold
water than in warm water (Greiner, 1974). The arenaceous forms, whose
tests are not soluble in low pH sediments, may respond by successfully
reproducing under what might be considered, at least for calcareous
forms, unfavorable environmental conditions. It is not clear yet
whether the arenaceous forms prefer the colder temperatures or i1f they
are unable to compete with the calcareous forms during the warmer months.
The Chezzetcook marsh and estuary were sampled in an extremely
detailed manner so that there would be sufficient information to deter-
mine an accurate model of the vertical distribution of marsh and estua-
rine foraminifera. In comparing the estuarine and marsh data it becomes
immediately clear that the marsh foraminiferal assemblages are much more
accurate sea level indicators than the intertidal and shallow subtidal
sediments below the marsh. Therefore, in the areas studied after
Chezzetcook only the marshes were sampled. In the following section less
detailed networks of samples from Chebogue Harbour, Wallace Basin, and
Summerville marsh will be described and placed in the framework of the

model produced in Chezzetcook.



100

CHAPTER 6

OTHER MARSH AREAS IN NOVA SCOTIA

Chebogue Harbour

Chebogue is lccated in the southwestern part of Nova Scotia, close
to Yarmouth (fig. 1), and is similar in size to Chezzetcook and, like
Chezzetcook, contains an extensive marsh system. The marsh in Chebogue
has a similar morphology to those areas at the head of Chezzetcook with
steep sided channels and large low gradient areas comprising much of the
marsh area. Unlike the head of Chezzetcook, however, most of the low
gradient areas in Chebogue would be classified into low marsh floral

subkline B rather than into the middle marsh floral kline.

Physical parameters: The most important physical characteristic of this

marsh in relation to other areas is the expanded tidal range. Higher
high water occurs at 250 cm a.m.s.l. with a total tidal range of 486 cm
(data from Yarmouth). Since there were no benchmarks in the Chebogue

area, the base of the marsh (i.e., base of Spartina alterniflora) was

used as MSL in the semi-detailed transects carried out (fig. 34). In
one transect the marsh range was 192 cm while in the other it was 245 cm.
Considering the variance of the base of the marsh around MSL as observed
in Chezzetcock, these values are sufficiently consistent éé assume that

the marshes in Chebogue, even with the expanded tidal range, still ex-

tend from approximately MSL to EHW. Marsh water salinities showed an



Figure 34.

Plant and foraminiferal distribution at stations 2, 3, Chebogue. Dots are sampling
localities and vertical bars are percent occurrences at each locality.
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STATICN NUMBER 1 2 3 4 5 6 7 8 9 10
DATE 6€/22/76 6/22/76 6/22/76 6/22/76 6/22/76 6/22/76 6/22/76 6/22/76 6/22/76 €/22/76
Substations s.c., P.A. g.a. 8.c. J.qg. Scp. 70% s.p.
Veg.] J.q. Scp. Scp. {(lowest) 5.8, S,a, J.g SN, s.D 0% s.a
A
sal 10% 1% 5% 3% 33%. 30%a 18%aq 10%a 1% 21%e
s.p., P.A.,| Scp., P.A., Scp. 50% s.p. 508 u.p. 90% s.p. 50% s.p. 90% s.p. 70% s.p.
Veg.| g.a. G.R.y 3,P, 8.P, 0% 5.8, S0 s.8, 89,0, G.R. 20% 5.2, J10% s.a GR.| 30% 5.2,
B
Sal. 5%3 2% 8% 32%a 3% 315%a 15%a 15%a 158%.a 15%a
50% s.p. 90v B.p. 90% 8.p. 80%v 8.p. 50% s.p.| 8.4a,, B.p.,
Veg.| 50% g.,a, lScp,P.A, G.R. G.R, 20% 8.4, 8,p, 8.4, 50% s.a.) sn. S.A. S.4.
c -
Sal. 15%. 2% o0 12%. 26%q 35%a 28%a 21°%a 23%q 21%a 22%han
50% s.p. 904 8.p. J0 s.a. 90% s.p. 50% s.p. [33% 5.p., 330 708 's.a.| s.p., S.a.,
Veg.| 50% g.a, | 10% s.a, | 70% 8,p, 10% G.R, 50% 8.8. 5.8, 308 P1 0% s.p. ) P1
D
Sal. 25%=. 12%a 33%s 19%4 33%a 3% 25%a
s.a. 50\ s.a. 708 g.a,
Veqg. (upper edge)! S0% 8,p, 308 §.p, 8.8 .3 S.a
E
Sal. 30%q 13%e 30%e 32%a 20%q 3Q%a
s.a. Top of 100%
Veg.| (lowest) 8,a. S,4. M, F,
F
Sal, I0% . 16%3 30%a 26%a
8.a.
Veg. {lowest) 8,3,
G
Sal. 28%.a 30%a
bottom of
Veg. M.F, 8.a.
H
sal. S 9%.e I 30%. — o
Table 3. Salinity, vegetation data for Chebogue Harbour marsh stations.
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inverse relationship with elevation, similar to Chezzetcook (Table 3)..
High marsh values ranged from 2-19%,,, and low marsh form 13-35%,,.

Salinities were lowest in isolated channels near the head of the estuary.

Vegetation: Plant species occurring in Chebogue are essentially the

same as those in Chezzetcook and they appear to have a similar dis-
tribution pattern (Table 3). Some floral klines, especially the low marsh
floral klines, however, are enlarged vertically because of the expanded
tidal range. The low marsh kline, as defined in Chezzetcook, consisting

of either 100% Spartina alterniflora (subkline B) or any mixture of

Spartina patens and $. alterniflora (subkline A), occupies approxi-

mately 4/5 of the tidal range (approx. 200 cm) in Chebogue as compared
with only 7/12 of the tidal range in Chezzetcook. High marsh floral sub-
kline B consists of any combination of high marsh vegetation (Solidago,

Scirpus, Juncus) together with varying percentages of S. patens (225-245

cm a.m.s.l.) with high marsh subkline A (245-250 cm a.m.s.l.) lacking

S. patens. There is virtually no area that can be defined as the middle
marsh floral kline. It also appears that the high marsh klines are com->
pressed vertically with their relative vertical range decreasing in the
higher tidal range of Chebogue while their absolute vertical range re-

mains the same (25-30 cm).

Foraminifera: As in Chezzetcook all samples were collected in replicate.

A total of 104 samples from 52 localities were analyzed for foramini-
feral content (fig. 35). Thirty-two species, 15 of which were living,

were observed in the samples (tables 15, 16, appendix).
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Figure 35. Surface sample
and drill hole locations
in Chebogue Harbour marsh.
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Two semi~detailed transects (Stations 2, 3, fig. 34) were carried
out in areas where there was a complete vertical section of marsh.
Although these transects are not as detailed as those in Chezzetcocok,
the same basic characteristics emerged. At HHW the total populations
in both transects decrease sharply. Just below HHW (5-10 cm below) the

fauna is composed of almost 100% Trochammina inflata macrescens (faunal

kline Ip). In the faunal subkline Is T. inflata macrescens and

Tiphotrocha comprimata are both common. Faunal kline II can again be

divided into two subklines. In faunal subkline IIp Miliammina fusca

and Trochammina inflata dominate with T. inflata macrescens and T.

comprimata disappearing. In faunal subkline IIgy M. fusca dominates with

Cribroelphidium excavatum being common towards the lower end of this

subkline. With the increase in calcareous species the total number de-

creases. Ammotium salsum, a common faunal kline II constituent in

Chezzetcook, is absent from these transects as well as most of the other
areas sampled in Chebogue.

These transects were in the central estuarine area; however, some
samples collected in isolated channels (sta. 7, 9) demonstrated a
faunal subkline Iy assemblage denoting more brackish conditions similar

to those in Chezzetcook with significant percentages of Haplophragmoides

bonplandi. Some areas had a more definitive faunal subkline II with
higher percentages of T. inflata (stations 14, 4b, <, 4b, 4, 6b, 4, 7c,
8b, 4, tables 15, 16, appendix). A different faunal subkline Ip oc-

curred at two leocalities (4d, 8a) dominated by T. inflata with varying
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percentages of T. comprimata and T. inflata macrescens and low per-

centages of M. fusca. These rare faunal subkline Iy faunae occurred
where salinities were higher than would be expected for a high marsh

area.

Wallace Basin

This marsh system occurs on the Nova Scotia shore just across from
Prince Edward Island (fig. 1). The area is similar in many respects to
Chezzetcook and Chebogue but is slightly smaller than the other two.
The marsh is similar to Chebogue in that the middle marsh floral kline,
if it exists at all, is extremely restricted. There are few areas with
steep sided channels compared to those occurring in Chezzetcook and

Chebogue.

Physical parameters: The upper "half" of the tidal range here is close

to that in Chezzetcook with HHW occurring at 113 cm a.m.s.l. (from
Malagash which is close to Wallace). However, the lower "half" of the
tidal range is larger with lower low water occurring at 146 cm below MSL.
The effect of this on the salt marsh in unknown; however, the upper and
lower halves of the tidal range are more egual in Chezzetcook and
Chebogue.

The salinity values have the same inverse relationship observed in
the other two study areas. Salinities in Wallace were generally higher
than those in Chezzetcook and Chebogue but the values were obtained
later in the summer than those in the other two areas (table 4). High

marsh salinities ranged from 6-20%,,, middle marsh from 15-259%,,, and low



STATION MUMBER R S .2 3 4 5 6 ? 8
DATE 7/16/76 |7/16/748/22/741/16/7€8/22/14 1/11/76 /11776 7/17/7(]8/22/767/17/76‘8/22/767/17/748/22/76
5.C
Substations . 50%s.c. s.c. 8.c.
A Veg. Sep. B°R; 504d.q, s.c. s.c. J.g. J.q. M.F.
sa1.| 18%,  |10%, [20%, |20%, |20%, 5%. e 6%, 15%., | 20%.|23%, | 28%.
J.g. | J.g. J.g.
N Veg. a.p. P.A. 8.p. 8.c. 6.C. P.A. EE 8.a.
Sal. 22%,, 15%, |20%,. |25%, |33%. 2%, 0%, 1%, | 224,018, | 20%.]25%, | 28%,
70% s.a. 8.p. 50%v8.p.
c Ved.| 304 s,p, G.R. 50%5, 4., 8.p. s.p. s.p.
sal. 259, 15%, | 23%, | 279, {35%. 229, | 31%,.022%, | 27%.23%. | 28%.
70%8.p 50\s.p.‘ 50V5.p. 50\P.A.
b Veg. 8.a. 30%s.a 8.a. 50%s.a 5045.a.] 50%s.p|
Sal. 23%. 27, | 28%,., 30%. 24%,, | 31%.|20%, 3% | 2%
Veg. s.a. M.F. s.a, s.a. J.g.
E
sal. 28%,, | 28%, 28%. 21%, | 32%.[19%. 20%., | 20%,
50%s.c
. Veag. M.F. M.F. M.F. 508J.g
Sal. 229, : 22%, | 2%, 8%, | 11%.] 8%, | 15%.

Table 4. Salinity, vegetation data for Wallace Basin marsh stations.

80T
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marsh from 28-359%,, (Table 4). Values were generally higher at stations
on the south side of the basin where the marsh was exposed to open
circulation from the basin.

In addition to the salt marsh areas two stations were established
in the upper reaches of Wallace Basin where it is no longer tidal
(sta. 4, 5, fig. 36). The vegetation was monospecific with Spartina

cynosuroides and salinities were low (0-5%,,). The non-tidal condition

appears to have been created artifically by a causeway placed seaward
of stations 4 and 5. However, some sea water might enter this area
once or twice a year which would account for the mildly brackish con-

dition.

Vegetation: Vegetation here is similar to that in the other areas ex-

cept that in the high marsh floral kline, Juncus gerardi is usually the

dominant form rather than Scirpus (table 4). The middle marsh floral
kline appears to be compressed into an extremely small wvertical range
of 5 cm with high marsh occupying the upper 50-70 c¢m and the low marsh

floral kline (both subklines) occupying the lowest 50-70 cm.

Foraminifera: Seventy-three surface samples were collected from 37

localities in the:Wallace marshes (fig. 36). A total of 19 species, 15
with living representatives, were observed from these samples (table 17,
18, appendix). One semi~detailed transect was performed (similar to

Chebogue) at station 6 and data from station 8 were combined with those

data from station 6 to plot figure 37. The data indicate the presence
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Figure 36. Surface sample and drill hole locations in Wallace Basin marsh.
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of two major foraminiferal faunal klines, similar to Chebogue and
Chezzetcook. The HHW datum is again marked by sharp decrease in fora-
miniferal numbers and just below HHW a monospecific fauna of Trochammina

inflata macrescens (faunal subkline IA) occurs. Faunal subkline IB

contains large numbers of T. inflata macrescens, Tiphotrocha comprimata

and Trochammina inflata. Faunal subkline II, marked by a decrease in

T. inflata macrescens together with an increase in T. inflata. Faunal

subkline IIy is marked by decreases in T. inflata and T. comprimata

together with increases in Miliammina fusca and Ammotium salsum.

As in other areas there are lateral differences which appear to be

the result of salinity changes. Haplophragmoides bonplandi occurs in some

of the more brackish areas to create a faunal sub-subkline Ing and there
is no fauna in the non-tidal areas (sta. 4, 5).

There was one completely anomalous area, unique to this marsh,
represented by station 7 which was at the head of a narrow channel. The
area corresponding to faunal subkline Ip was composed of large percentages

of H. bonplandi, T. inflata macrescens, T. inflata, and T. comprimata.

Below this fauna an assemblage occurred that was characterized by a

species believed to be primarily a deep water form, Astrammina rara, to-

gether with the species from the faunal kline above. A. salsum did not

occur in the lower areas.

Summerville Marsh

This small marsh is located behind a large sand barrier at the head

of Port Mouton (fig. 1). It is probably of recent formation although no



113

drilling was done to test peat thicknesses. The marsh studied occurred
on the landward side of the sandspit (fig. 38). Hence there is probably
little if any non-saline water table adjoining the marsh and any fresh-
water entering here must come from precipitation. Sediments in this
marsh tend to be sandy and probably do not retain moisture as well as

other types of marsh sediments.

Physical parameters: Tidal range at Port Mouton is similar to that in

Chezzetcook with HHW occurring at 101 cm a.m.s.l. and a total tidal
range of 208 cm. Salinities measured here were the highest of any area
studied, especially considering the time of year during which they were
obtained (mid-June). Salinities in the upper marsh ranged from 21-31%,,
and in the lower marsh they ranged from 20-30°,, (table 5). There was
no indication of an inverse salinity gradient with increasing elevation;

in fact salinity appeared to increase with elevation in some instances.

Vegetation: Vegetation here can be divided into two floral klines, a

high marsh composed of Spartina patens - Juncus gerardi - Potentilla

anserina - Limonium sp. and a low marsh floral kline composed of Spartina

alterniflora (table 5). At the upper end of the marsh the vegetation

grades into dune grass.

Foraminifera: Thirty-four samples were obtained at 17 localities

(fig. 38). From these samples 39 species, 9 with living representatives,
were observed (table 6). Of the 39 total species, 33 were open ocean

forms occurring in locations 1ld-1f which were exposed to considerable
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STATION NUMBER 1 2 3
DATE 6/21/76 6/21/76 6/21/76
Veg.-Sal. at each substation
Veg. s.p., Li. s.p., J.9. J.g.
A sal. , 29.5%,
Veg. S.p., Li. s.p., Li., P.A., J.qg. J.g., S.P., Li.
B sal. 26%,, 31.0%,,
Veq. S.a. s.p., Li.,P.A.,J.g.,5.a. J.g., s.p., Li.
c sal. 31-339%, 28%,, 29%,
Veg. S.a. S.a. s.p., J.g., P.A.,Scp.
b Sal. 28%,, 21-24°%, .
Veq. m. f£. m. f. S.a.
B sal. 259, 209,
Veg. m. f. m. £.
F Sal. 24000

Table 5. The Summerville marsh stations with date of collection, vegetation and salinity. Vegetation
abbreviations same as those in Table 2.
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open ocean influence. The remaining 6 species were indigenous marsh
species.

Essentially two faunal klines, not including the open ocean forms
occurring in station 1, were observed. Faunal kline I contained varying

percentages of Trochammina inflata, Trochammina inflata macrescens, and

Tiphotrocha comprimata with small percentages of Miliammina fusca.

Faunal kline II was dominated by M. fusca.
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CHAPTER 7

DISCUSSION AND COMPARISON OF NOVA SCOTIAN MARSH DATA

Comparison of marshes in Nova Scotia

A first impression of most marshes on the east coast of North
America is that there are three distinct vertical floral klines deline-
ated by vegetation types. In Nova Scotia this is best illustrated on the
Atlantic coast at Chezzetcook Inlet and to a lesser extent in Chebogue
and Wallace marshes (fig. 39). The middle marsh floral kline, although
often covering extensive surface areas, 1s extremely reduced in vertical
extent. In Chebogue and Wallace the middle marsh floral kline is also
reduced in areal extent to the point where in Chebogue there is only one

small area containing a pure stand of Spartina patens. The apparent

sea level changes, discussed in detail in later sections, indicate that
each area is experiencing a different rate of apparent sea level rise.
Additionally, Chapman (1976) demonstrated that accumulation rates in the
marsh vary vertically. A combination of sea level rise, accumulation
rates and tidal ranges might determine how vegetation zones form within
the marsh.

The foraminiferal faunas contained in the marshes examined were
remarkably similar, especially considering the differences in salinities,
tidal range, and climate in Nova Scotia. The fauna occurring at and
just below higher high water is particularly important. In all marsh

areas (except Summerville where there was no sampling at this level)
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foraminiferal numbers decrease dramatically at HHW. Just below HHW a

fauna dominated by Trochammina inflata macrescens occurs in all three

of the larger areas. Faunal subkline II, is also surprisingly similar

in the three major areas with a Miliammina fusca - Trochammina inflata

fauna being recurrent, scmetimes containing Tiphotrocha comprimata but

not T. inflata macrescens. Faunal subkline IIp appears to always have

the M. fusca element; however, the most pronounced regional differences

also occur in this subkline. In Chebogue the dominant species in the

faunal subkline IIp in addition to M. fusca, is Cribroelphidium excavatum,
a calcareous species. In Wallace there are virtually no calcareous

species with the dominant species‘being Ammotium salsum and M. fusca.

In Chezzetcook there is a mixed subkline 11 assemblage with arenaceous
elements in the upper estuary and calcéreous eiements (in addition to

M. fusca)in the iower estuary. In Chezzetcook the subkline II species
distribution, except for M. fusca, essentially parallels the species
distribution in the estuarine sediments.i Thisxsuggests that most sub-
kline IIp species are actually estﬁagine fo?ﬁs ;ith their upper range

in the salt marsh. Using thié inforﬁation it should be possible to pre-
dict, without having to actualiy sample fhé estuarine environment, the
type of estuarine fauna in an area from adjoining low marsh sediments.
The only exception to this is M. fusca which occurs within the Maritimes
in all subkline IIp areas regardless of salinity or region. Thus M.
fusca would be a marsh species with its lower range in the more brackish
parts of the estuary.

It is not surprising that most regional differences occur in sub-
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kline Il since most of these species are estuarine forms. The estuary,
although not a particularly stable environment, is largely subtidal and
is much more stable than the marsh, especially with respect to temper-
ature variances. With increased stability the species diversity in-
creases along with the opportunity for faunal differentiation. In the
marshes of Nova Scotia there are only 9 indigenous marsh species of which
only 5 occur commonly. Usually there are only 2-3 species per subkline.
Indications are that these 9 species dominate in all marshes (Murray,
1971a). With such small variety occurring on a worldwide scale there is
little opportunity for sharp regional variations in faunal assemblages,
particularly in the upper faunal klines. This observation had already
been made, at least in part, by Scott (1976b) in explaining why zoo-
geographical zones were not applicable to salt marsh faunae on the west
coast of North America.

In all Nova Scotian marshes the total foraminiferal numbers appeared
to decrease just at the base of the marsh. However, living populations
of foraminifera do not decrease noticeably in the lower part of the
marsh. Therefore, the total numbers must be decreased by means of some
physical process. As discussed previously, it has been demonstrated by
Chapman (1976) that marsh accumulation rates are highest in the low
marsh. Additionally, the rates of accumulation are probably highest at
the base of the marsh where the sediment laden tidal water first comes
in contact with the baffling effect of the salt marsh plants. The rapid
accumulation at the base of the marsh causes dilution of the total

faunal numbers in this area.
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Summerville marsh was included in this study because of its dis-

tinctive faunal kline I fauna containing Trochammina inflata and

Trochammina inflata macrescens. In this, and in other areas where this

fauna occurs, the marsh appears to be newly formed and to have higher
than average salinities. Although this type of marsh is not widespread
in Nova Scotia today, it is conceivable that in the past, as sea level
was rising thus creating the conditions for the formation of new marshes,
that this faunal kline I fauna might have been present.

As tidal ranges increase the vertical zones do not appear to in-
crease proportionally. The total marsh range appears to remain the same
(MSL to EHW), however, comparison of vertical zones with the marsh at
Chebogue and Chezzetcook demonstrates that as tidal range increases it is
absorbed mostly into low marsh floral subkline B. The upper floral
klines appear to retain virtually the same absclute vertical range. The
phenomenon has been observed in the Fundy marshes where tidal ranges are
even more extreme (Scott, unpublished data). Hence, the high marsh
floral klines retain their absolute accuracy even with increased tidal

ranges. This is true also for the corresponding faunal klines.

Comparison of Nova Scotian marshes with those in southern California

Nova Scotian and southern California data can be compared directly
because, in both aresas, detailed transect sampling was carried out
(fig. 40). The California data are from Scott (1976a) and the Nova

Scotia data are representative of Chezzetcook.
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The largest difference between the two widely separated localities
occurs in the vegetation types. One species from California (Salicornia
virginica) occurs only in isolated populations in Nova Scotia. In
California only two distinct floral klines can be recognized with a
transition oﬁe occurring between them, while in scme marshes in Nova
Scotia, although the middle kline is often narrow in extent, there are
three recognizable floral klines.

The foraminifera are more comparable. Only one arenaceous marsh

species from California (Protoschista findens) is not present in Nova

Scotia and it 1is probably a lagoonal species rather than a true marsh
form. Several of the arenaceous marsh species present in Nova Scotia

are not present in California (Haplophragmoides bonplandi, Tiphotrocha

comprimata, Astrammina rara, Trochammina inflata macrescens, Polysaccammina

ipohalina). These species are all faunal kline I species and appear to

be replaced in California by Trochammina inflata and Jadammina polystoma

together with significant numbers of calcareous species such as

Quinqueloculina seminulum and Discorinopsis aguayoi. The faunal kline II

differences are more complete. However, this would be expected since
few of the warm water lagoonal species in California exist in Nova

Scotia. The distribution of Miliammina fusca in California is similar

to that in Nova Scotia. This form appears to be more restricted in
California, however, possibly by competition from southern low marsh-
lagoonal forms.

In both California and Nova Scotia the total foraminiferal numbers

decrease dramatically at HHW datum in addition to showing a less pro-
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nounced decrease at the lower edge of the marsh.

Comparison of Nova Scotian marsh foraminifera with other selected
marsh faunae

Barnstable marsh, Massachusetts: Phleger and Walton (1950) reported on

marsh faunae of Barnstable Harbor as part of a larger study involving

the entire bay. They reported faunae containing Trochammina inflata

and Trochammina inflata macrescens in high numbers from the marsh areas

but no attempt was made to differentiate the assemblages into faunal

klines. They also reported Miliammina fusca at some locations.

James River estuary, Virginia: Ellison and Nichols (1976) report on the

marsh Foraminifera from the adjoining marshes of the James River estuary.
They detected upper, middle, and lower estuarine marsh assemblages,
similar to Chezzetcook. They also detected some vertical zonation
within the marsh. Salinities in the James estuary, especially in the
upper and middle estuarine areas, are much lower than those observed in
any of the study areas in Nova Scotia. Tidal ranges also appear to be
relatively low compared with those in Nova Scotia.

In the upper estuarine area an assemblage dominated by Ammoastuta
salsa occurs in the marshes; in the middle estuary the assemblage is

co-dominated by A. salsa and Miliammina fusca, and in the lower estuary

M. fusca dominates.
Vertical zonation was demonstrated only in the upper estuarine marsh.

Foraminifera appear to decrease sharply again at HHW. Ammoastuta salsa

dominates the higher marsh together with lesser percentages of
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Arenoparella mexicana, Tiphotrocha comprimata, and Trochammina inflata

macrescens; Miliammina fusca dominates the lower marsh with Ammobaculites

crassus beginning to appear on the mudflats.
This, except for the appearance of A. salsa, is not altogether
different from what is observed in Nova Scotia, especially considering

the different salinities, plant types, sediment types, and tidal ranges.

South Texas marshes: Phleger (1965a, 1966) examined a series of marshes

in Matagorda Bay and Galveston Bay in south Texas. In Matagorda Bay two
distinct floral klines are recognized with a transition kline occurring

between them, much as in Nova Scotia and California. Trochammina inflata,

Arenoparella mexicana, Ammonia beccarii, and Pseudoeponides (= Helenina)

andersoni dominate in the upper Salicornia floral kline with Miliammina

fusca, Ammotium salsum, Cribroelphidium spp., Miliolids, and A. beccarii

dominating in the lower Spartina floral kline. Significantly, M. fusca
and T. inflata together with A. beccarii dominate in the middle Spartina-
Salicornia transition floral kline, as in Nova Scotia. In Galveston Bay
the zonation is less distinct, however T. inflata appears to dominate the
higher areas.

Although no salinity values are reported from this marsh, the range
is probably somewhere between that of Nova Scotia and southern California.
The Texas marshes have some brackish marsh species but they are in small
numbers. Additionally, the warmer temperatures in Texas allow popula-
tions of some calcareous species such as A. beccarii and H. andersoni to

develop.
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Southern Holland, Europe: Phleger (1970) examined several marshes in

Europe including some in Holland. The low marsh floral klines are

characterized by a flora containing a Salicornia-Spartina assemblage and

the high marsh floral kline is denoted by a Puccinella-Halimione-Suaeda

assemblage. The marsh foraminifera were delineated into two vertical

faunal klines: Jadammina polystoma and Trochammina inflata character-

izing the faunal kline I and a variety of calcareous species denoting
faunal kline II. Faunal kline I fauna is similar to that observed in

California.

Discussion of all marsh data

As discussed by Scott (1976b) all marshes are subject to large
sudden variations in temperature, regardless of latitude. Few marine
species (i.e. the foraminifera) appear to be able to survive these tem-
perature variations although those that do appear to exist in all
marshes. Temperature restricted species appear to be those that are
calcareous. More such species occur in warmer climates than in colder
ones. Calcareous species are usually estuarine-lagoon rather than
actual marsh forms. Additionally, they have limited use in paleo-marsh
interpretations since they dissoclve soon after death in the 'low pH marsh
sediments.

The variable that appears to control distributions of marsh Fora-
minifera, besides elevation, is salinity. In extremely brackish areas,

such as those reported by Ellison and Nichols (1976), Ammoastuta salsa

dominates the faunal kline I. In moderately brackish areas, such as
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those in Nova Scotia, Trochammina inflata macrescens and Tiphotrocha

comprimata dominate the faunal kline I. In areas that are borderline
brackish (for example, Summerville marsh), a mixed fauna of T. inflata

macrescens and Trochammina inflata occurs. In marshes with normal or

higher salinities such as those in Holland and California, T. inflata

and Jadammina polystoma dominate the faunal kline I. Faunal kline II

distributions are much more complex, being controlled more by locally
dominant estuarine-lagoon forms than by marsh forms. However, Miliammina
fusca is a common constituent of most faunal kline II assemblages. It is
worth noting here that the faunal kline I forms such as T. inflata,

T. comprimata, and T. inflata macrescens occur only in the higher ele-

vations of the marsh, or not at all, so that their distribution is con-
trolled as much by elevation as by salinity.

The detailed data obtained in both California and Nova Scotia sug-
gest a strong correlation between elevation above mean sea level and
marsh foraminiferal zones. The marsh Foraminifera characterizing these
zones are easily detected and well preserved in subsurface marsh sedi-
ments. Foraminiferal assemblages can be used to accurately (*¥ 5 cm)
locate the HHW datum in a marsh sequence. From that, sea level and former
sea levels can be determined. Although this accuracy can only be proven
in areas such as California and Nova Scotia where accurate measurements
have been performed, less detailed data from other areas strongly sug-
gest that the same accuracy could be obtained with further detailed

studies.
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It appears that foraminiferal numbers dramatically decrease at
the HHW datum in most marshes. The sharp decrease in numbers at HHW
may appear trivial at first; however, the phenomenon is not self-evident
on closer examination of the area above HHW. Conditions in surface
sediments above HHW could be considered favorable for support of large
foraminiferal populations, especially in humid areas such as Nova Scotia.
In Nova Scotian marshes moisture above HHW is supplied both by fresh-
water runoff and sea water raised by capillarity, creating a mildly
brackish environment. Therefore the absence of Foraminifera above HHW
is significant and indicates that marsh Foraminifera require some tidal
activity for survival. It is highly unlikely that marsh Foraminifera
would be found in supra-tidal bogs of other fresh-water deposits re-
sembling marsh sediments.

It cannot be assumed that marsh faunae occurring in apparently
similar marsh areas will be exactly the same. Although the Nova Scotia
studies demonstrate relatively few regional differences, in California
the differences between two marshes that were extremely close together
were sharp, especially in faunal kline II. These types of differences
make it imperative that a detailed study of modern marsh faunae be con-.
ducted in areas where there is to be a subsurface study.

With the accurate method for locating former sea levels detailed
above, it is now possible to measure small movements of sea level not
previously measurable by other techniques. This method, now that it is
established, can be used to solve some of the problems relating to

eustatic sea level rise, subsidence, and rebound that have taken place
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during the Holocene in formerly glaciated areas. Results of some pre-
liminary investigations into this field as they apply to Nova Scotia

are presented in the following section.
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CHAPTER 8

APPARENT SEA LEVEL CHANGES IN THE MARITIMES DURING THE HOLOCENE

Introduction

Most standard eustatic sea level curves (e.g. Shepard and Curray,
1967, Milliman and Emery, 1968, Scholl et al., 1969) indicate a fairly
rapid rise in eustatic sea level (approx. 100 cm/cent.) from approximately
13,000 ybp until 6000-7000 vbp. In the last 4000-7000 ybp eustatic sea
level rise is shown as being about 6 cm/century with some authors sug-
gesting no eustatic sea level rise in the last 5000 years (Suggate,
1968) . These curves have been derived from information relating to sup-
posedly tectonically stable areas, such as Bermuda and Florida and are
meant to represent the true rise in absolute water level (Rw)'

Recently, a method has been presented for calculating the changes
in sea level (R,) that occur when ice and water loads are redistributed
on the surface of elastic and viscoelastic Earth models (Farrell and
Clark, 1976; Clark, 1977). They can thus calculate instantaneous elas-
tic and delayed viscoelastic R.W during the partial melting of the
Pleistocene ice sheets. Their resﬁits suggest R, is not the same at
all points in the ocean. For example, the North Atlantic appears to
have experienced relatively little eustatic sea level change in the last
13,000 years (fig. 41). Hence, recognized eustatic sea level curves

from other locations may not be applicable to the Maritimes.



Figure 41.

Predicted change in sea level (meters) since Wiscongin maximum (16,000 Y.B.P.). The
melting of a realistic ice load in 1000 year increments since 16,000 Y.B.P. gives this
non-uniform sea level change through time. The values of sea level change at selected
localities can be compared directly to observed emergence or submergence curves

(Fig. 42, Clark, 1977).
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There has been considerable interest in the Maritimes regarding
Holocene sea level changes.l Swift and Borns (1967) suggest there is
a zero isobase (in this case meaning a line of no crustal deflection)
that bisects Nova Scotia and continues through Prince Edward Island.
Raised post-glacial marine features occur to the west of the iscbase
with submerged features to the east. Xranck (1972) confirmed the inter-
pretation of Swift and Borns (1967) in the Northumberland Strait. Grant
(197Ca, b) presented the largest body of data on submerged features in
the Maritimes. He gave relative sea level rise rates {(r/t) of 30 cm/
century for the Bay of Fundy over the last 6000 years and 15 cm/century
for the Atlantic coast of Nova Scotia over the last 1000-2000 years.
Grant used higher high water as a datum and he attributed at least
15 cm/century of the submergence in the Bay of Fundy to resonant tidal
amplification or the differential rise of high-tide level with respect
to mean sea level. Since higher high water datum levels are the most
commonly used sea level indicators, the Bay of Fundy is not a satis-
factory area to study changes in mean sea level and this is one reason
the present study has avoided this area.

In addition to his long term data Grant (1970a, b) presents tidal
gauge data suggesting that several areas in the Maritimes are still ex-

periencing rapid relative sea level rises. Studies of modern changes in

1 A workshop convened by Chris Beaumont and the author was held in
January, 1977 at Dalhousie University to review the work done to date
regarding sea level changes in the Maritimes. A short report on this
workshop is scheduled to appear in the Fall, 1977, issue of Geoscience
Canada.
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relative sea level have been carried out by means of releveling techniques
and the study of tidal gauge data (Dohler and Ku, 1970). Vanicek (1976)
synthesized these data in the form of a map of recent vertical move-

ments in the Maritimes. His results suggest a present day zero isobase
bissecting New Brunswick with most of Prince Edward Island and Nova

Scotia subsiding and land north of Miramichi Bay, New Brunswick, to be
still rebounding.

These studies and additional ones from New England (fig. 42) indi-
cate that this area is experiencing excessive relative sea level rise
(Emery and Garrison, 1967; Redfield, 1967; Milliman and Emery, 1968;
Grant, 1970a, b). Most studies have attributed this excessive apparent
sea level rise to subsidence (Re), but few authors have attempted to
divide the relative sea level rise into quantitative components (i.e.

R and Ry). Kaye and Barghorn (1964) did attempt to separate the two
components for Boston, Massachusetts, by calculating a crustal movement
curve (Re) and using an assumed eustatic sea level curve. Their data
suggest that sea level changes in New England during the last 4000 years
have been dominated by R.e rather than R,.

Bloom (1967) and Grant (1970a, b) have suggested that water loading
on the continental shelves resulting from sea level rise has produced
the excessive relative sea level rise observed in New England and the
Maritimes. However, there are serious problems with this explanation.
If a uniform, worldwide, eustatic sea level rise is assumed, then there
should be uniform subsidence along all coastlines of uniform width, such

as the Atlantic and Gulf coasts of North America. As suggested by
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Newman and March (1968) the very existence of excessive subsidence along
the northern Atlantic coast excludes water loading as a possibility for
the cause of the excessive subsidence. If the models of Farrell and
Clark (1976) and Clark (1977) are correct, excessive subsidence as a re-
sult of water loading would be expected in the Pacific, not the Atlantic.
Moreover, there is a strong correlation between those areas now ex-
periencing excessive subsidence and areas that were on the periphery of
the ice sheet during the last glaciation. This would suggest that the
excessive subsidence is caused by some effect related to the margin of
ice loading such as the collapsing of a "peripheral bulge" as proposed
by Barrell (1915) and Daly (1920).  More recently Newman and March (1968)
have suggested this as the mechanism for the downwarping of the New
England continental shelf.

The idea of a "peripheral bulge" was first proposed by Jamieson
(1882) . The simple description of this phenomenon by Jamieson (1882,
p. 46l) describes the concept clearly:

"It seems likely that there might be not only a slight sink-
ing of the ice covered tract, but likewise a tendency toc bulge
up in the region which lay immediately beyond this area of de-

pression, just as we sometimes see in advance of a railway
embankment, which not only depresses the soil beneath it, but

£ n

also causes the ground to swell up further off.

Barrell (1915) and Daly (1920) suggest that the collapsing of this bulge
following deglaciation may cause depression or subsidence of the peri-

pheral regions of a former ice sheet. Daly suggests in the same article
that there is no way of quantifying this theory and that the theory must

remain speculative for his forseeable future. Recently, Cathles (1975)



Figure 43.

Uplift history of slightly filtered, square edged, cylindrical depression. h = approx.
fractional amount of rebound, hy, = maximum amount of subsidence at equilibrium and h =
absolute amount of rebound. This model has an elastic lithosphere, flexural rigidity

50 x 1023 newton-meters, underlain by uniform viscous asthenosphere, viscosity approxi-
mately 1022 poise (adapted from fig. 43, Cathles, 1975). Curves represent land surface

at various periods of time following ice removal; notice that parts of the curves first
show emergence followed by submergence in areas past the theoretical ice edge. Generalized
curves are isolated for four areas; Quebec, Eastern New Brunswick, Eastern Nova Scotia,

and New England, southern Nova Scotia. The right extension of each of these curves re-
presents the present day situation.
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presented a comprehensive treatment of the problems and illustrated
several models of the behavicr of the peripheral bulge following
deglaciation. Each model is cénstructed assuming a different type of
mantle response (e.g. a stratified visco-elastic mantle). A generalized
diagram from Cathles (1975) depicting the respconse of the bulge fol-
lowing deglaciation assuming a uniform viscous asthenosphere and an
elastic lithosphere is illustrated here (fig. 43). The location of the
bulge beyond the edge of the ice sheet varies between models, but most
place it at a distance of 200-1000 km. In figure 43 an idealized
response history is shown for four areas: Quebec, New Brunswick,
southern Nova Scotia, and eastern Nova Scotia. Walcott (1972a, b)
suggested that examination of the Earth's response to ice removal might
aid in determining the deep mechanical structure of the Earth. Cathles
(1975) also suggests this and Peltier and Andrews (1976) have refined
scme of the models by Cathles. They suggest, after comparing their
models with actual data, that there is clear evidence for an elastic

or highly viscous lithosphere.

New sea level data are presented here that were derived from sub-
surface material collected in the three major areas of study: Chezzetcook,
Chebogue, and Wallace. Although the data presented here are insufficient
to completely evaluate the complex peripheral bulge model there are suf-
ficient data to demonstrate how accurate sea level data, as determined

using marsh foraminiferal klines, can be used to calibrate these models.
Results

Several holes were bored in each of the areas. Cuttings from each
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bore hole were examined for foraminiferal content; basal material from.

4 dates with their standard

some holes was carbon-14 dated. All Cl
errors, locations, etc. are listed in table 19 (appendix). In order to
calculate rates of relative sea level change, the depth of a dated
interval must be related to the elevation of its present day equivalent
kline, rather than to a single datum. For example if an interval at
Chezzetcook containing faunal kline I, is dated at the base of a drill
hole and the surface of the drill hole is in faunal sub-subkline IB—Z’

then 25 cm must be added to the drill hole depth of the dated interval

so that the depth below datum is the actual relative sea level rise, r.

Wallace Basin: Several holes less than 2 m were drilled in this marsh

(fig. 36). 1In all cases a soil horizon was encountered at the base of
the drill hole which was overlain by salt marsh peat. In basal sections
from drill holes II and VIII carbon-14 dates were obtained from small
wood fragments contained in the sediment. Both drill holes displayed
similar stratigraphies (fig. 44, table 20, appendix) with a sequence of
faunal suﬁkline IIA overlying a section containing faunal subkline Iz
ending in a HHW deposit underlain by a soil horizon. In drill hole VIII
the HHW datum was dated at 1510 ybp indicating a relative sea level rise
(r) of 197 cm and a rate of rise (xr/t) of 13 cm/century. In drill

hole II a level was dated that probably formed abowve HHW, and therefore

cannot be used for an accurate sea level determination because it can-

not be related to sea level.

Chebogue Harbour: Four holes were drilled (fig. 35). Material from

the bases of two of these holes were dated (D.H. II and IV). In drill
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holes I, II, and IV glacial till was encountered at the base of the
holes again overlain by salt marsh peat. In drill hole IIT rock was
encountered at the base of the hole overlain by estuarine sediments.
Although this boring had the deepest penetration (516 cm) the base of
the hole was not suitable for indicating sea level becuase of the
estuarine sediments. Drill hole I had essentially the same depth and
stratigraphy of drill hole II and will not be discussed further here.

In drill hole II a sequence of faunal subkline II overlies a faunal
subkline Iy sequence followed by a HHW deposit underlain by glacial

till (fig. 45, table 21, appendix). The HHW deposit is dated at

1390 yvbp (r = 210 cm, r/t = 15 cm/centﬁry). Drill hole IV (also fig. 45,
table 21, appendix) displays a slightly different stratigraphy from that
observed in hole II. The upper 250 cm of this sequence are similar to
drill hole II. Just below the 250 cm interval, the sequence reverts to
a faunal subkline IIp sequence with high percentages of Trochammina

inflata and low percentages of Trochammina inflata macrescens. This

sequence ends between -417 and ~447 cm, and is underlain by a HHW deposit
and glacial till. The lower §art of this subkline II, deposit was chosen
for dating because its sediments contained the most wood fragments and
because the peat composing this lower interval was mixed with a suffic-
ient amount of clastic material to minimize compaction effects. A date
of 2650 ybp was obtained from the interval shown in figure 45 (r = 207 cm
from 2650 to 1390 ybp with r/t = 16 cm/century during this time interval).
An additicnal date was obtained from Grant (1970a, b) of 3220 vybp

(r = 330 cm from 3220 to 2650 ybp with corresponding r/t = 58 cm/century).

Grant (1970a, b) reports this date at 6.5 m hole depth which he inter-



Figure 45.

Foraminiferal occurrences -in Chebogue drill holes II,

IVv.
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prets as 7.5 m of relative sea level rise. However, there is some
question as to the accuracy of this value of relative sea level rise
since Grant was denoting all basal deposits as HHWL which, for example,

clearly would have been inaccurate in drill hole IV.

Chezzetcook Inlet: Fourteen drill holes have been drilled in Chezzetcook

;o date but only those relevant to the preseﬁt study are discussed here
(fig. 46). Only three of these drill holes contained material suitable
for both sea level determination and carbon-14 dating. The stratigraphy
of the area drilled in Chezzetcook 1s substantially different from any
areas in Wallace or Chebogue.

In drill hole V (fig. 47, table 22, appendix) the upper 60 cm is a

faunal sub-subkline I sequence followed by 100 cm of faunal subkline

B-2
IIg which is in turn underlain by 800 cm of shallow subtidal-intertidal
mud, subdivided into upper estuarine (170-500 cm), lower estuarine
(500-700 cm) and open bay (700-1000 cm). The basal sequence (1028-1149 cm)
contains a gradational marsh sequence with relatively low numbers of
Foraminifera. This basal marsh seguence is most similar in faunal con-
tent to those high marsh areas observed near the mouth of both
Chezzetcook (Transect IV) and Chebogue (station 1). Dates obtained from
this hole were from the freshwater peat immediately below the salt marsh
peat at 1155 cﬁ (9600 ybp; no sea level can be determined from this
because it is a freshwater deposit) and from what was designated as HHW

just above the freshwater sequence (6625 ybp, ¥ = 1185 cm, r/t = 14 cm/

century from 6625 to 1940 ybp).
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Figure 46. Drill hole locations in the West Head, Chezzetcook.
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Figure 47.

Foraminiferal occurrences in drill hole V, Chezzetcook.
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Figure 48.

Foraminiferal occurrences in drill holes X, XIII, Chezzetcook.
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Drill hole X, the second deepest hole drilled (657 cm), had a strati-
graphy similar to the first 600 cm of drill hole V (fig. 48, table 23,
appendix). However, near the base of this hole a fauna similar to that
observed in the narrow channels of the West Head (sta. 28-30, foldout 1,2)
was present. The basal deposit was first thought to be a marsh deposit.

However, the high numbers of Ammotium salsum that persist to the base of

this hole suggest that the basal sequence is a marsh contaminated inter-
tidal - shallow subtidal deposit. There were sufficient wood fragments
in this basal deposit to give a carbon-14 date of 1940 ybp (r = approx.
225 cm between 1940 and 910 ybp with corresponding r/t = approx. 22 cm/
century). Drill hole XIII was the shallowest of the three holes with
dated bases. Its stratigraphy (fig. 48, table 23, appendix) was similar
in the upper 100 cm to that observed in V and X but below 130 cm there
is a fauna similar to the faunal kline I fauna observed in Summerville

with high numbers of both Trochammina inflata and Trochammina inflata

macrescens. This type of marsh fauna was not observed anywhere in the
modern marsh sediments of Chezzetcook. The base of this hole at =253 cm
contained sufficient wood fragments for a carbon-l4 date which was 915
ybp (r = 275 cm from 915 to the present with corresponding r/t = 30 cm/
century) .

The apparent sea level rise data are summarized in figure 49. These
data suggest that relative sea level rise during the last 2000 years has
decreased at Chebogue and increased at Chezzetcook. In Wallace the
sequence is not long enough to detect any changes in r/t; however, the

average r/t is lower at present than in both the other two areas.
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Figure 49. Summary of relative sea level'changes in the three areas
of study.
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Stratigraphy and its relationships with apparent sea level rise.

In both Wallace and Chebogue the stratigraphies observed are con-
sistent with a submerging coastline. The basal HHW deposits are quickly
overridden by rising sea level because accumulation rates in this part
of the tidal range are low (Chapman, 1976). Also, the upper marsh
sequences denoted by faunal kline I are usually replaced by faunae char-
acteristic of a lower faunal kline II which correspond approximately to
the floral klines of middle or low marsh subkline A. This relationship
can be also correlated with relative accumulation rates. Only in drill
hole IV in Chebogue was there an apparently emergent area between the
300 and 150 cm depth where faunal subkline IIA is overlain by a faunal
subkline Ig. This feature can be explained by the decreased rate of
relative sea level rise that occurred during this approximate period.

The stratigraphy in Chezzetcook shows a remarkably different
situation (fig. 50, 51). The base of drill hole V where the marsh is
quickly overriden indicates a rapid apparent sea level rise while in
the upper two meters apparent sea level appears either to be falling or
at best, static. The entire mudflat area illustrated in figure 46 is
apparently emergent. However, the dates indicate that the opposite
has occurred with a smaller r/t between 6000 ybp and 2000 ybp and an
increased r/t occurring the last 2000 years. The progradation of marsh
at Chezzetcook must therefore be related to increased rates of sedi-
mentation. This could be the result of either an increase in the sedi-

ment supply or by a slowing of the currents carrying the sediment re-

sulting in less erocsion and more sediment falling out of suspension.
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Lowering of tidal range, as suggested by the 1766 map, would de-
crease tidal velocities because the volume of water flowing through the
inlet on each tidal cycles would be reduced. If a relative sea level
rise of 30 cm/century is assumed, then relative sea level would have
been 60 cm lower 200 years ago. This is sufficiently low to coincide
almost exactly with the first salt marsh formation inthe West Head of
Chezzetcook at 1.2-1.5 m below HHW since the lowest marsh begins to
form at or just below mean sea level. The lowering of tidal range 200
yvears ago could have, therefore, precipitated the first marsh formation
in the West Head. Such a lowering would have been a regional event and
high sedimentation rates should have occurred in other iniets along the
coast. In Three Fathom Harbour, just west of Chezzetcook, water depths
of 5.4-7.2 m are indicated on the 1766 map while depths of 1-3 m are
indicated for the same inlet in 1854. At the mouth of Chezzetccok a
major channel was closed off between 1766 and 1854 and this also could
have decreased tidal velocities and increased the sedimentation rates
in Chezzetcook. However, it does not explain the increased sedimentation
at Three Fathom Harbour. A third possibility is that increased human
activity along the coast could have increased the amount sediment
entering the marine environment and created higher sedimentation rates.
Current velocities would not necessarily have to decrease in such a case.
The resolution of the problem of why sedimentation rates increased is
beyond the scope of this work, however, where there are high rates of
sedimentation, regardless of the cause, the results of rising sea level

can be masked. Attempts to classify coastlines, particularly estuarine
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coastlines, as emerging or submerging should not be based solely on

recent geomorphological changes.
Discussion

Data on relative sea level change from New England are summarized
in figure 42 and Grant's data reflect the same general trend except
that Grant's curve shows greater subsidence in the Bay of Fundy because of
tidal amplification. These data indicate that relative sea level 4000
vears ago was between 7 and 8 meters lower than at present. The curves,
especially those of Redfield (1967), indicate a decrease in the rate
of relative sea level rise beginning at approximately 2500-3000 ybp.
The data from Chebogue Harbour (fig. 49) agree closely with that of
Redfield in this respect but the Chezzetcook curve illustrateé a reverse
trend with relative sea level rise being faster now than in the past.
Figure 43 suggests that New England and southern Nova Scotia may have
been farther from the ice load center than Chezzetcook. If this was the
case, the southern areas may have already experienced their most rapid
rates of relative sea level rise and are now relatively stable, while
Chezzetcook may have entered the phase of rapid subsidence relatively
recently. Wallace Basin appears to be only in the initial stages of
submergence, as predicted by the work of Swift and Borns (1967) and
Kranck (1972). Of course these ideas are all highly speculative since
the new data presented here are sparse. However, if this hypothesis can
be substantiated with further accurate data, it would demonstrate a much
smaller scale for relative changes in rates of apparent sea level change

than previously anticipated (Dr. C. Beaumont, pers. comm.).
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Figure 43 indicates both an emergent and submergent phase. Although
no direct sea level determination can be made from the freshwater peat,
it is known that sea level had to have been at least 11.89 m lower
9600 vbp for the freshwater peat to form. This freshwater peat must have
formed on the emergent part of the curve in Figqure 43 so that a minimum
age of emergence of 9600 ybp is indicated for the Chezzetcock area.

The purpose of this section has been to demonstrate that marsh
foraminiferal distributions defined into faunal klines can be a useful
means of accurately detecting small scale changes in relative sea level.
The method can be used on a large scale to calibrate the models for the
response of the peripheral bulge following deglaciation. The work should
proceed in two directions: 1) obtain more data from Chezzetcoock and
Chebogue so that their respective sea level curves will be better
established, and 2) data from different points along a line parallel to
the direction of ice retreat must be obtained so that the scale and
migration path of the peripheral bulge can be determined. Using a large
body of information it should be possible to construct an accurate model
of the migration of the peripheral bulge and from this make conclusions

regarding the deep mechanical structure of the Earth.
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CHAPTER S

CONCLUSIONS

Estuarine foraminiferal distributions

Four major foraminiferal zones now exist in the estuarine sediments
of Chezzetcock Inlet. Their distribution appears to be controlled
principally by salinity variances except for the nearshore zone,
occupied mostly by attached forms, which may be the result of
strong currents in this area.

The presence or absence of species such as Ammonia beccarii or

Ammotium cassis indicate certain depth-stability characteristics of

estuarine environments in which they occur. This information can be
used to determine if estuarine dynamics have changed through time in
a particular estuary.

In shallow estuaries, such as Chezzetcook, intertidal mudflat and
shallow subtidal sediments can not be distinguished on the basis of
benthonic foraminiferal assemblages. Hence the use of estuarine
foraminiferal assemblages as indicators of former sea levels has

relatively large errors associated with it (£ 2.5 m).

Marsh foraminiferal distributions

1.

Despite the many variables present in the salt marsh environment the
plant and foraminiferal assemblages suggest well defined distri-

bution patterns.
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Plant composition of the floral klines appears to be little af-
fected by salinity changes from the head to the mouth of the estuary.
However, some marsh foraminiferal species appear to be highly
sensitive to both elevation and salinity.

Although the elevation ranges of the fléral klines and corresponding
faunal klines are similar to each other, they are not exact with the
result that there are three distinguishable floral klines compared
with only two faunal klines.

Seasonal variations in living populaticns of marsh foraminifera
proved to be substantial, however these variations usually did not
significantly alter the total percentage occurrences of species com-
posing the dominant elements in marsh assemblages.

In some marsh sediments calcareous and agglutinated foraminiferal
species occur together in the total population. However, the living
populations illustrate a different pattern with the calcareous
species dominating the summer populatiocns and agglutinated forms
dominating the winter populations.

Extremely detailed sampling in Chezzetcock allowed placing less
detailed salt marsh data from Wallace, Chebogue, and Summerville
into a framework for determining accurate former sea levels.

Data from all areas in Nova Scotia indicate that marsh foraminiferal
faunal klines can be used to accurately locate former sea levels in
subsurface sediments.

The higher high water mark appears to be the most accurate datum
level that can be located using marsh foraminifera and is favorable

for a number of other reasons. The dramatic decrease in foramini-
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feral numbers at this level is useful for differentiating marine
from non-marine peat deposits.

Examination of detailed studies in California and less detailed ones
from many parts of the world suggest that marsh foraminifera could

be generally used as accurate sea level indicators.

Relative sea level changes

3.

Previous studies and the present one suggest that excessive relative
sea level rise in New England and the Maritimes is the result of
subsidence caused by collapsing of a "peripheral bulge" that formed
in the marginal regions of the ice sheet during the last glaciation.
Data from the present study suggest a much smaller écale for relative
sea level changes than previocusly anticipated, with southern Nova
Scotia entering a more stable period while eastern Nova Scotia ap-
pears to be entering a more active phase.

A minimum date of emergence for the Chezzetcook area is determined

to be 9600 ybp from a freshwater peat presently 12 meters below sea

level.
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CHAPTER 10
SYSTEMATIC TAXONOMY
"Thecamoebians"

The names used here are in accordance with those in Loeblich and
Tappan (1964). Only the reference used to identify the species is
included here together with any reference that has been discussed
throughout the text which includes reference to these species.
Centropyxis encentricus (Cushman and Bronnimann)

Todd and Bronnimann, 1957, p. 22, pl. 1, fig. 9.

Scott, 1976b, p. 320, pl. 1, fig. 1,2.

Scott EE.EE:’ 1977, p. 1578, pl. 1, figs. 1, 2.
In this paper, pl. 1, fig. 1-3.

Difflugia caprelata Penard
Todd and Bronnimann, 1957, p. 21, pl. 1, fig. 3, 4.
Scott et al., 1977, p. 1578, pl. 1, fig. 4, 5.
In this paper, pl. 1, fig. 4-7.

Difflugia urceolata Carter
Todd and Bronnimann, 1957, p. 21, pl. 1, fig. 1.
Scott et al., 1977, p. 1578, pl. 1, fig. 9.
In this paper, pl. 1, fig. 8, 9.

Pontigulasia compressa (Carter)
Todd and Bronnimann, 1957, p. 21, pl. 1, fig. 5.
Scott et al., 1977, p. 1578, pl. 1, fig.
In this paper, pl. 1, fig. 10-12.

w
[e)}

Urnulina compressa Cushman
Parker, 1952a, p. 394, pl. 1, fig. 4
Scott et al., 1977, p. 1578, pl. 2, fig. 6.
In this paper, pl. 1, fig. 13-15.

Foraminiferida
Species identifications are based on comparisons with the reference
collection at Bedford Institute of Oceanography. Any synomonies sug-
gested here are purely subjective. Approximately 75 species have been
identified in this study but only those species with significant occur-

rences are included in this list.
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and in the plates. The original reference and subsequent references to
the same species under different names are listed for each species. Ad-
ditionally, as for the Thecamoebians, any reference that has been dis-
cussed in the text which includes a reference to these species is listed

here. Generic names are in accordance with Loeblich and Tappan (1964).

Ammobaculites dilatatus Cushman and Bronnimann

Plate 2, figures 9, 10

Ammobaculites dilatatus Cushman and Bronnimann, 1948a, p. 39, pl. 7,
fig. 10, 11; Cole and Ferguson, 1975, p. 32, pl. 2, fig. 8, 9;
Scott et al., 1977, p. 1578, pl. 2, fig. 6.

Ammobaculites foliaceus (H. B. Brady)

Plate 2, figures 6-8

Haplophragmium foliaceum H. B. Brady, 1884, p. 304, pl. 33, fig. 20-25.

Ammobaculites c. f. foliaceus (H. B. Brady). Parker, 1952b, p. 444,
pl. 1, fig. 20, 21.

Ammobaculites foliaceus (Brady). Scott et al., 1977, p. 1578, pl. 2, fig. 3.

Remarks: Some specimens of this species were sent to both Beverly Tate
of the Smithsonian Institute and Ruth Todd in Massachusetts who verified

the identification.

Ammonia beccarii (Linnég)

Plate 6, figures 10, 11

Nautilus beccarii Linne, 1758, p. 710.

Ammonia beccarii (Linne). Brunnich, 1772, p. 232, Frizzel and Keen, 1949,
p. 106; Gregory, 1970, p. 222, pl. 12, fig. 4-6, Schnikter, 1974,
p. 216-223, pl. 1; Cole and Ferguson, 1975, p. 32, pl. 9, fig. 1, 2.
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Streblus beccarii (Linne). Fischer de Waldhiem, 1817, p. 449, pl. 13;
Bradshaw, 1957, p. 1138, text fig. la-c; Phleger and Ewing, 1962;
p. 179, pl. 5, fig. 22, 23.

"Rotalia" beccarii (Linne) var. tepida Cushman, 1926, p. 79, pl. 1,
Parker, 1952b, p. 457, pl. 5, fig. 7, 8.

Remarks: Schnikter (1974) demonstrated with culturing techniques that
most of the described varieties of A. beccarii are ecotypic variations
of the same form hence no attempt was made here to distinguish the

varieties.

Ammotium salsum (Cushman and Bronnimann)

Plate 2, figures 11-13

Ammobaculites salsus Cushman and Bronnimann, 1948b, p. 16, pl. 3,
fig. 7-9.

Ammoscalaria fluvialis Parker, 1952b, p. 444, pl. 1, fig. 24, 25.

Ammotium salsum (Cushman and Bronnimann). Parker and Athearn, 1959,
p. 340, pl. 50, fig. 6, 13; Scott et al., 1977, p. 1578, pl. 2,
fig. 4, 5.

Arencoparella mexicana (Kornfeld)

Plate 5, figures 10-13

Trochammina inflata (Montagu) var. mexicana Kornfeld, 1931, p. 86,
pl. 13, fig. 5.

Arenoparella mexicana (Kornfeld). Anderson, 1951, p. 31; Parker and
Athearn, 1959, p. 340, pl. 50, fig. 8-10.

Remarks: This is the first reported occurrence of this marsh species

in the Maritimes.
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Astrammina rara Rhumbler

Plate 2, figures 1-3

Astrammina rara Rhumbler in Wiesner, 1931, p. 79.

Armorella sphaerica Heron-Allen and Earland, 1932, p. 257, pl. 2,
fig. 4-11; Hoglund, 1947, p. 55, pl. 5, fig. 1-9; Phleger and
Walton, 1950, p. 277, pl. 1, fig. 1.

Remarks: This genus is rediscussed here because the type description
(as reported in Loeblich and Tappan, 1964) and subsequent descriptions
(Hoglund, 1947) fail to mention that this genus has an inner transparent
pseudochitinous lining upon which there is a fine to medium agglutinated
layer. Previous reports have listed the genus as non-attached, however
the specimens observed here were predominately attached. The attached
side is usually barren of agglutinated material and this enabled the
author to detect the extremely thin pseudochitinous layer (P1l. 2, fig. 3).
Previous authors have probably examined their specimens dry which would
account for their overlooking the inner lining.

There are two described type species - A. rara and A. sphaerica -
however, variability is so high in these forms that it is doubtful
whether there is more than one species here. These specimens have been
placed with A. rara which has presidence over the name A. sphaerica.

Other occurrences: The original specimens were reported from the south

Atlantic, however, specimens from Scandinavia (Haglund, 1947) have also

been reported. These were primarily from deeper water {(approx. 30 m).
Phleger and Walton (1850) and Ellison and Nichols (1976) have re-

ported the species from marsh areas in Massachusetts and Virginia

respectively. In this study the species was present in erratic numbers
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in the three major localities. It was only counted quantitatively in
Wallace and the seasonal samples from station 7, Chezzetcook. I
suspect this species to be a widespread marsh form, but its detection
is difficult since it often resembles the organic debris to which it
is attached. The form would not have been detected here had it not
been common at one locality in Chebogue Harbour. Hopefully, future

work will result in a better understanding of the distribution of this

species.

Astrononion gallowayi Loeblich and Tappan

Plate 8, figure 5

Astrononion stellatum Cushman and Edwards, 1937, p. 32, pl. 3, fig. 9-11.

Astrononion gallowayi Loeblich and Tappan, 1953, p. 90, pl. 17,
fig. 4-7; Gregory, 1970, p. 232, pl. 15, fig. 3; Cole and Ferguson,
1975, p. 32, pl. 6, fig. 15.

Bolivina pseudoplicata Heron-Allen and Earland

Plate 8, figure 3

Bolivina pseudoplicata Heron-Allen and Earland, 1930, p. 181, pl. 3,
fig. 36-40; Gregory, 1970, p. 212, pl. 10, fig. 7-9; Parker, 1952b,
444, pl. 4, fig. 11; Cole and Ferguson, 1975, p. 32, pl. 6, fig. 6.

Buccella frigida (Cushman)

Plate 8, figures 10, 11

Pulvinulina frigida Cushman, 1921 (1922), p. 144.

Eponides frigida (Cushman) var. calida Cushman and Cole, 1930, p. 98,
pl. 13, fig. 13a-c; Phleger and Walton, 1950, p. 277, pl. 2,
fig. 21; Parker, 1952b, p. 449, pl. 5, fig. 3a,b.
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Eponides frigidus (Cushman) Cushman. 1941, p. 37, pl. 9, fig. 16, 17;
Parker, 1952b, p. 449, pl. 5, fig. 2a, b.

Buccella frigida (Cushman). Anderson, 1952, p. 144, fig. 4a-c, 5,
ta-c; Gregory, 1970, p. 226G, pl. 12, fig. 1-3; Cole and Ferguson,
1975, p. 33, pl. 8, fig. 8, 9.

Buliminella elegantissima (d'Orbigny)

Plate 7, figures 1, 2

Bulimina elegantissima d'Orbigny, 1839, p. 51, pl. 7, fig. 13, 14.

Buliminella elegantissima (d'Orbigny). Cushman, 1919, p. 606; Parker,
1952a, p. 416, pl. 5, fig. 27, 28; Phleger and Ewing, 1962,
p. 178, pl. 5, fig. 4; Gregory, 1970, p. 211, pl. 10, fig. 5, 6;

=

Cole and Ferguson, 1975, p. 33, pl. &6, fig. 8, 9.

Cassidulina crassa d'Orbigny

Plate 8, figures 1, 2

Cassidulina crassa d4'Orbigny, 1839, p. 56, pl. 7, fig. 18-20.

Cassidulina islandica Ngrvang var. minuta Ngrvang. Parker, 1952a,
p. 421, pl. 6, fig. 22a,b, 23.

Cassidulina islandica Ngrvang. Loeblich and Tappan, 1953, p. 118, pl. 24,
fig. 1.

Cassidulina barbara Buzas, 1965, p. 25, pl. 5, fig. 2, 3.

Cibicides lobatulus (Walker and Jacocb)

Plate 8, figures 8, 9

Nautilus lobatulus Walker and Jacob in Kanmacher, 1798, p. 642, pl. 14,
fig. 36.

Cibicides lobatula (Walker and Jacob). Cushman, 1931, p. 118, pl. 21,
fig. 3a-c.
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Cibicides lobatulus (Walker and Jacob). Ngrvang, 1945, p. 49, pl. 6,
fig. 26a, b; Parker, 1952b, p. 446, pl. 5, fig. 1lla, b; Gregory,
1970, p. 231, pl. 15, fig. 1, 2; Cole and Ferguson, 1975, p. 33,
pl. 8, fig. 5, 6.

Cribroelphidium bartletti (Cushman)

Plate 6, figure 8

Elphidium bartletti Cushman, 1933, p. 4, pl. 1, fig. 9; Gregory, 1970,
p. 225, pl. 13, fig. 3-5; Cole and Ferguson, 1975, p. 34, pl. 7,
fig. 3, 4.

Cribroelphidium excavatum (Terquem)

Plate 6, figure 1

Polystomella excavata Terquem, 1876, p. 429, pl. 2, fig. 2a-d.

Elphidium excavatum (Terquem). Parker, 1952a, p. 412, pl. 5, fig. 8.

Cribroelphidium excavatum (Terquem). Scott et al., 1977, p. 1578,
pl. 5, fig. 4.

Remarks: I believe that C. margaritaceum (Cushman) belongs with this

species also. The difference between the two is that C. excavatum has

a smooth, non-etched surface while C. margaritaceum has a strongly

etched surface, possibly a post-mortem change. They are always found
together in the same environment with C. excavatum being the more common
form. (NOTE: a paper that has recently come to hand (Levy et al.,
1969) shows original figures of C. excavatum (Terquem) and another form

C. umbilicatula (Williamson). These figures clearly demonstrate that

my species 1s probably C. umbilicatula, not C. excavatum.)

Cribroelphidium excavatum clavatum (Cushman)

Plate 6, figure 2
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Cribroelphidium excavatum selseyensis (Heron-Allen and Earland)

Plate 6, figure 3

Remarks: The distinqtion of these forms has been an endless debate

since about 1930 and the list of references does not clarify the problem.
In my work the division of these forms is based on the work by Feyling-
Hanssen (1972). It is believed by both myself and F. S. Medioli that
these forms are included in a gradational series with one forxrm grading
into the next. Work by J. Dwyer in 1976 for a class project at Dalhousie
demonstrated that some form of a gradational series could be obtained

but the species must be cultured under a variety of conditions to solve

the problem, much as Schnikter (1974) did with Ammonia beccarii.

Cribroelphidium frigidum (Cushman)

Plate 6, figure 6

Elphidium frigidum Cushman, 1933, p. 5, pl. 1, fig. 3; Gregory, 1970,

p. 227, pl. 14, fig. 3; Cole and Ferguson, 1975, p. 34, pl. 7,
fig. 6, 7.

Cribroelphidium incertum (Cushman) not Williamson

Plate 6, figures 4, 5

Elphidium incertum Cushman not Williamson, 1930, p. 18, pl. 7, figs.
8a,b, 9a, b.

Remarks: This was the largest of the Cribroelphidium spp. observed in

this study. It is distinctive from the other species, particularly

C. excavatum clavatum, by its angular cross-section as opposed to the

rounded or oval cross-section of the other Cribroelphidium species.
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This species was described by Cushman as that of Williamson (1858)
but, as discussed by Loeblich and Tappan (1953) and Buzas (1966),
Cushman's species does not resemble that of Williamson. Unfortunately,
before this was detected, Cushman's form became known as C. incertum
(Williamson) which has resulted in a great deal of confusion. Buzas
(1966) equated C. incertum (Cushman) with C. clavatum (Cushman), however,
I feel that these species are distinct so I have retained C. incertum

(Cushman) not Williamson.

Cribroelphidium subarcticum (Cushman)

Plate 6, figure 7

Elphidium subarcticum Cushman, 1944, p. 27, pl. 3, fig. 34-35; Parker,
1952b, p. 449, pl. 4, fig. 3-6, 8; Phleger and Walton, 1950,
p. 277, pl. 2, fig. 19, 20; Gregory, 1970, p. 229, pl. 14, fig. 7;
Cole and Ferguson, 1975, p. 34, pl. 8, fig. 1, 2.

Eggerella advena (Cushman)

Plate 6, figure 9

Verneuilina advena Cushman, 1921, p. 141.

Eggerella advena (Cushman). Cushman, 1937, p. 51, pl. 5, fig. 12-15;
Phleger and Walton, 1950, p. 277, pl. 1, fig. 16-18; Parker, 1952a,
p. 404, pl. 3, fig. 12, 13; Parker, 1952b, p. 447, pl. 2, fig. 3;
Gregory, 1970, p. 183, pl. 4, fig. 1-3; Cole and Ferguson, 1975,
p. 34, pl. 3, fig. 10, 11; Scott et al., 1977, p. 1579, pl. 2,
fig. 7.

Fissurina marginata (Montagu)

Plate 8, figure 4

Vermiculum marginatum Montagu, 1803, p. 524.

Lagena marginata (Walker and Boys). Cushman, 1913, p. 37, pl. 22,
fig. 1-7.
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Entosolenia marginata (Montagu) var. Cushman and Todd, 1947, p. 65,
pl. 15, fig. 23, 24.

FPissurina marginata (Montagu). Loeblich and Tappan, 1953, p. 77, pl. 14,
fig. 6-9; Gregory, 1970, p. 207, pl. 10, fig. 1; Cole and Ferguson,
1975, p. 35, pl. 5, fig. 10.

Fursenkoina fusiformis (Williamson)

Plate 7, figures 9, 10

Bulimina pupoides d'Orbigny fusiformis Williamson, 1858, p. 64, pl. 5,
fig. 129, 130.

"Bulimina" fusiformis Williamson. Hoglund, 1947, p. 232, pl. 20,
fig. 3, text figures 219-233.

Virgulina fusiformis (Williamson). Parker, 1952a, p. 417, pl. 6,
fig. 3-6; Parker, 1952b, p. 461, pl. 4, fig. 6.

Fursenkoina fusiformis (Williamson). Gregory, 1970, p. 232.

Glabratella wrightii (Brady)

Plate 7, figures 11-13

Discorbina wrightii Brady, 1881, p. 413, pl. 21, fig. 6.

Glabratella wrightii (Brady). Leslie, 1965, p. 161, pl. 10, fig. 7;
Cole and Ferguson, 1975, p. 35, pl. 8, fig. 10, 11.

Haplophragmoides bonplandi Todd and Bronnimann

Plate 3, figures 5, 6

Haplophragmoides bonplandi Todd and Bronnimann, 1957, p. 23, pl. 2,
fig. 2; Scott et al., 1977, p. 1579, pl. 3, fig. 5, 6.

Remarks: Identification of this species was verified by Ruth Todd, one

of the authors of the species.



173

Helenina andersoni (Warren)

Plate 6, figures 12, 13

Valvulineria sp. Phleger and Walton, 1950, pl. 2, fig. 22a, b.

Pseudoeponides andersoni Warren, 1957, p. 39, pl. 4, fig. 12-15;
Parker and Athearn, 1959, p. 341, pl. 50, fig. 28-31.

Helenina andersoni (Warren). Saunders, 1961, p. 148.

Remarks: This is the first reported occurrence of this calcareous marsh

species in the Maritimes.

Hemisphaerammina bradyi Loeblich and Tappan

Plate 2, figures 4, 5

Hemisphaerammina bradyi Loeblich and Tappan in Loeblich and collaborators,
1957, p. 224, pil. 72, fig. 2; Scott et al., 1977, p. 1579, pl. 3,
fig. 7-8.

Crithionina pisum Goes. Gregory, 1970, p. 165, pl. 1, fig. 6.

Hemisphaerammina sp. Cole and Ferguson, 1975, pl. 1, fig. 4.

Jadammina polystoma Bartenstein and Brand

Plate 4, figures 9-11

Jadammina polystoma Bartenstein and Brand, 1938, p. 381, fig. la-c,
2a-1, 3; Parker and Athearn, 1959, p. 341, pl. 50, fig. 21, 22,
27; Phleger and Ewing, 1962, p. 179, pl. 4, fig. 13, 14.

Remarks: The similarity of this species and Trochammina inflata

macrescens Brady will be discussed under T. inflata macrescens.

Miliammina fusca (Brady)

Plate 3, figures 1-3

Quingueloculina fusca Brady, 1870, p. 47, pl. 11, fig. 2, 3.




Miliammina fusca (Brady). Phleger and Walton, 1950, p. 280, pl. 1,
fig. 19a, b; Parker, 1952a, p. 404, pl. 3, fig. 15, 1l6; Parker,
1952b, p. 452, pl. 2, fig. 6a, b; Parker and Athearn, 1959,

p. 340, pl. 50, fig. 11, 12; Gregory, 1970, p. 172, pl. 2, fig. 8;
Cole and Ferguson, 1975, p. 37, pl. 4, fig. 1, 2; Scott et al.,
1977, p. 1579, pl. 2, fig. 8, 9.

Pateoris hauerinoides (Rhumbler)

Plate 7, figures 6-8

Quingueloculina subrotunda (Montagu) forma hauerinoides Rhumbler, 1936,
p. 206, 217, 226, text fig. 167, 208-212.

Quingueloculina subrotunda (Montagu). Parker, 1952a, p. 406, pl. 4,
fig. 4a, b; Parker, 1952b, p. 456, pl. 2, fig. 9a, b, 1l0a, b.

Pateoris hauerinoides (Rhumbler). Loeblich and Tappan, 1953, p. 42,
pl. 42, pl. 6, fig. 8-12, text fig. 1A, B; Gregory, 1970, p. 188,
pl. 6, fig. 3, 4: Cole and Ferguson, 1975, p. 39, pl. 11, fig. 4,

Polysaccammina ipohalina Scott

Plate 3, figures 10-13

Polysaccammina ipohalina Scott, 1976k, p. 318, pl. 2, fig. 1-4, text
fig. 4a-c.

Remarks: This recently described species probably has a worldwide dis-
tribution in marshes but has suffered the same fate of non-recognition

as Astrammina rara since it i1s sometimes difficult to differentiate

from organic debris. The species was originally described as non-
attached, however many of the specimens observed in Nova Scotia are

attached to organic debris.

Protelphidium orbiculare (Brady)

Plate 6, figure 9

Nonionia orbiculare Brady, 1881, p. 415, pl. 21, fig. 5
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Rosalina columbiensis (Cushman)

Plate 8, figures 6, 7

Discorbis columbiensis Cushman, 1925, p. 43, pl. 6, fig. 13; Parker,
1952a, p. 418, pl. 6, fig. 7a, b, 8a, b, 9%a, b; Parker, 1952b,
p. 446, pl. 4, fig. 17a, b, 18a, b, 1%9a, b, 20a, b; Gregory, 1970,
p. 218, pl. 11, fig. 6, 7.

Rosalina columbiensis (Cushman). Uchio, 1960, p. 66, pl. 8, fig. 1, 2.

Rosalina columbiense (Cushman). Phleger and Ewing, 1962, p. 179,
pl. 5, fig. 10, 11.

Remarks: This species is probably the same as an earlier species,

| o

floridana (Cushman), however, in the absence of the type material of

R. floridana I have left R. columbiensis as a separate species, particu-

larly in view of the fact that Cushman was the author of both species.

Spiroplectammina biformis (Parker and Jones)

Plate 3, figure 4

Textularia agglutinans d'Orbigny var. biformis Parker and Jones, 1865,
p. 370, pl. 15, fig. 23, 24.

Spiroplecta biformis (Parker and Jones). Brady, 1878, p. 376, pl. 45,
fig. 25-27.
Spiroplectammina biformis (Parker and Jones). Cushman, 1927, p. 23,

pl. 5, fig. 1; Parker, 1952a, p. 402, pl. 3, fig. 1, 2; Gregory,
1970, p. 177, pl. 3, fig. 6; Cole and Ferguson, 1975, p. 42, pl. 3,
fig. 3.

Tiphotrocha comprimata (Cushman and Bronnimann)

Plate 5, figures 14-16

Trochammina comprimata Cushman and Bronnimann, 1948a, p. 41, pl. 8,
fig. 1-3.
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Tiphotrocha comprimata (Cushman and Bronnimann). Saunders, 1957,
p. 11; Parker and Athearn, 1959, p. 341, pl. 50, fig. 14-17;
Scott EE.E&" 1977, p. 1579, pl. 4, fig. 3, 4.

Remarks: Large populations of this species appear to be restricted to
marsh areas and only isolated, reworked specimens of this species occur
outside the marsh. Since this is the first study of marshes in this
area, previous authors in the Maritimes have probably only encouﬁtered
isolated specimens of T. comprimata and these have been understandably
placed with a more familiar and quite similar species - Trochammina

sguamata.

Trifarina fluens (Todaqd)

Plate 8, figures 12, 13

Angulogerina fluens Todd in Cushman and Todd, 1947, p. 67, pl. 16,
fig. 6, 7.

Trifarina angulosa (Williamson). Gregory, 1970, p. 217, pl. 11, fig. 5.

Trifarina fluens (Todd). Feyling-Hanssen in Feyling-Hanssen et al.,
1971, p. 242, pl. 7, fig. 12-15, pl. 18, fig. 10; Cole and Ferguson,
1975, p. 42, pl. 6, fig. 10.

Trochammina inflata (Montagu)

Plate 4, figures 12-14, Plate 5, figures 1-3

Nautilus inflatus Montagu, 1808, p. 81, pl. 18, fig. 3.

Trochammina inflata (Montagu). Parker and Jones, 1859, p. 347; Phleger and
Walton, 1950, p. 280, pl. 2, fig. 1-3; Parker, 1952a, p. 407, pl. 4,
fig. 6, 10; Parker, 1952b, p. 459, pl. 3, fig. 2a, b; Phleger and
Ewing, 1962, pl. 4, fig. 11, 12; Gregcry, 1970, p. 180, pl. 4,
fig. 3, 4; Cole and Ferguson, 1975, p. 43, pl. 4, fig. 3, 4.

Remarks: The microspheric form of this species (P1. 5, fig. 1-3) has

sometimes been referred to as T. inflata var. however measurements have
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shown that this form is simply the microspheric generation of T. inflata

(Mary Price, Dalhousie Biology, pers. comm.).

Trochammina inflata macrescens Brady

Plate 4, figures 1-8

Trochammina inflata (Montagu) var. macrescens Brady, 1870, p. 290,
pl. 11, fig. 5a-c; Scott, 1976b, p. 320, pl. 1, fig. 4-7; Scott
et al., 1977, p. 1579, pl. 4, fig. 6, 7.

Trochammina macrescens (Brady). Phleger and Walton, 1950, p. 281,
pl. 2, fig. 6, 7; Parker, 1952a, p. 408, pl. 4, fig. 8a, b;
Parker, 1952b, p. 460, p. 3, fig. 3a, b; Parker and Athearn, 1959,
p. 341, pl. 50, fig. 23-25; Gregory, 1970, p. 181, pl. 4, fig. 7;
Cole and Ferguson, 1975, p. 43, pl. 4, fig. 6, 7.

Jadammina macrescens (Brady). Murray, 1971b, p. 41, pl. 13, fig. 1-5.

Remarks: I have left this species as a variety or forma of T. inflata
because juvenile specimens of the two forms are almost identical,
especially in the California material (Scott, 1976b). It appears that
the forms diverge into separable forms only after some maturation.

A series of specimens is shown in plate 4 to illustrate the
variability in the curvature of the suture lines on the ventral side of
this species. At one extreme are the straight sutures with a large
umbilicus and distinct umbilical teeth (Plate 4, figure 3). This grades
into a curved suture line, a reduced umbilicus and no umbilical teeth.
The curved extreme (Plate 4, figure 8) is indistinguishable from

Jadammina polystoma (Plate 4, figure 9) except for the supplementary

apertures of J. polystoma. Boltovskoy (1958) has suggested that sup-
plementary apertures in some species may be environmental responses

rather than distinct species characteristics and Parker and Athearn
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(1959) have speculated that this may be true for T. inflata macrescens

as well, which would place J. polystoma as a junior synonom to T. inflata
macrescens. The distribution pattern of the two species also suggests

that they might be ecotypes: T. inflata macrescens occurs in more

brackish areas with J. polystoma occurring in more saline areas.
Attempts at culturing these species have proven unsuccessful and
until the species can be cultured, I have chosen to leave the two forms

separate.

Trochammina lobata Cushman

Plate 5, figures 8, S

Trochammina lobata Cushman, 1944, p. 18, pl. 2, fig. 10, Phleger and
Walton, 1950, p. 281, pl. 2, fig. 4, 5; Parker, 1952a, p. 408,
pl. 4, fig. 7a, b; Parker, 1952b, p. 459, pl. 3, fig. 2a, b;
Gregory, 1970, p. 180, pl. 4, fig. 5, 6; Cole and Ferguson, 1975,
p. 43, pl. 4, fig. 5, 6; Scott et al., 1977, p. 1579, pl. 4, fig.
1, 2.

Trochammina ochracea (Williamson)

Plate 5, figures 4, 5

Rotalina ochracea Williamson, 1858, p. 55, pl. 4, fig. 112, pl. 5,
fig. 113.

Trochammina ochracea (Williamson). Cushman, 1920, p. 75, pl. 15, fig. 3;
Gregory, 1970, p. 182, pl. 4, fig. 8, 9; Cole and Ferguson, 1975,
p. 43, pl. 4, fig. 9, 10; Scott et al., 1977, p. 1580, pl. 4,
fig. 5, 8.

Trochammina squamata Parker and Jones

Plate 5, figures 6, 7

Trochammina squamata Parker and Jones, 1865, p. 407, pl. 15, fig. 30,
3la-c; Phleger and Walton, 1950, p. 281, pl. 2, fig. 12, 13; Parker,
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152a, p. 408, pl. 4, fig. 11-16; Parker, 1952b, p. 460, pl. 3,
fig. 4a, b, 4a, b; Cole and Ferguson, 1975, p. 43, pl. 4, fig.
11, 12.
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Plate 1

Centropyxis excentricus (Cushman and Bronnimann)

1. dorsal view, x129, 2. apertural view, x127,
3. side view, x191.

Difflugia capreolata Penard 4. coarse grained

specimen, x87, 5. aperture view, x183, 6. side view
of typical form, x120, 7. side view of intermediate
form, x120.

Difflugia urceolata Carter 8. aperture view, x112,

9. side view, x120.

Pontigulasia compressa (Carter) 10. side view of

typical specimen, x112, 11. side view of specimen
with small spine, %112, 12. aperture view, x120.

Urnulina compressa Cushman 13. side view of specimen

with poorly developed spines, x192, 14. side view of
specimen with well developed spines, x192, 15. aperture

view, x192.
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Tables 1, 2. The estuarine oceanographic information for the Chezzetcook
stations, including date of collection, time, salinity, temperature, water
depth, % carbon; # indicates no bottom values obtainable because of
strong currents, * indicates insufficient bottom material recovered to
allow carbon analysis.

Tidal cycles for the days sampled in this study (from standard tide book
for Halifax). Times adjusted to Atlantic Daylight Time.

May 24, 1976

High - 0555 (+ 162 cm)
Low = 1155 (+ 76 cm)
High - 1610 (+ 183 cm)

May 28, 1976

High - 0850 (+ 180 cm)
Low = 1440 (+ 73 cm)
High - 2050 (+ 196 cm)

June 2, 1976

Low - 0600 (+ 49 cm)
High - 1155 (+ 192 cm)
Low - 1830 (+ 79 cm)

June 3, 1976

Low - 0655 (+ 49 cm)
High - 1240 (+ 192 cm)
Low = 1920 (+ 76 cm)

June 15, 1976

Low - 0535 (+ 30 cm)
High - 1115 (+ 205 cm)
Low =~ 1805 (+ 67 cm)

June lo, 1976

Low - 0630 (+ 40 cm)
High - 1250 (+ 199 cm)
Low - 1850 (+ 73 cm)

September 30, 1976

High - 0045 (+ 183 cm)
Low - 0730 (+ 70 cm)
High - 1250 (+ 189 cm)
Low - 2015 (+ 52 cm)



Table 1.

SALINITY °/,,

TEMPERATURE °C

CATE TIME STATION {0 m Ilmy 2mi{3m [d4m S5m |0m jim 2af 3maldm [Sm A C (WATER
DEPTH
5/24/76 1150 21A C.00 | 0.00 12.73 12.85 15.5% .5 m
5/24/76 1200 218 0.00 | 0.00 12.53 12.44 13.6% .75 m
5/24/78 1210 21C 0.00 | 0.00 | 1.82 12.53 12.501 12.45 10.6a| 2 m
5/24/76 1213 21p 0.00 | 0.00 12.23 12.23 11.3 .3 =
5/24/76 1230 22A 0.00 | 0.00 12.9¢8 12.68 11.1% .3 m
5,/24/76 1240 22B 0.00 | 0.00 | 0.00 ' 12.76( 12.66 12.43 10.6%{1.5m
6/3/76 1110 228 1.6 |11.55{12.95 15.6 | 13.9 | 13.63
6/3/76 1405 228 0.00 {13.43]17.2 16.32 14.8 | 14.4
5,°24/76 1250 22C 0.00 | 0.00 12.800 12.97 8.9% .3 m
5,24/76 1300 220 0.00 { 0.00 13.1¢{ 13.22] 12.28 .3 m
5,24/76 1330 23A 0.00 | 0.00 13.25 13.22 8.1M .3 m
5/24/76 1340 238 0.00 | 0.00 | 0.00 { 0.00 12.95{ 12.70( 12.70 13.20| 5.182.5m
6/3/7% 1120 2138 9.6 14.3 § 14.3 15.3 ] 13.58] 13.92
5/24/76 1350 23C 0.00 | 0.00 13.04( 13.00 T.A .3 m
5/28/76 1030 24A 4.13 112,95 11.80] 10.65 2.68) 1m
$/28/76 1045 248 1.00 20.73 11.801 10.46{ 10.00| 4.6%) 2 m
5/28/76 1145 24C 2.55}9.93 12.40( 11.55 7.3 1m
8/2/76 1130 25A 10.03] 16.92| 17.7 14.70 12.80 13.00 8.2%|1.5m
6/:/76 1140 258 12.4¢f 17.83 14.20f 12.9 1l.4%) 1m
6/1/76 1130 25C 10.30| 18.5 14.701 12.83 9.7 1m
8/%/76 1200 26A 15.95 19.1 14.02 13.15 10.0% 1.5m
6/2/76 1210 263 15.05 20.3 21.12 14.89(12.7 | 12.3 11.0% L.5m
672/786 1220 26C 18.28) 19.8 12,93} 13. 35 9.7% 1 m
6,2/76 1240 27n 19.18( 19.9 13.52 13.33 20.6% 1 m
6/2/76 1250 278 17.03] 21.16| 23.0 | 23.3 { 22.0 14,335} 12.62| 12.06] 11.70{ 11.92] 7.4 m
8/2/76 1300 27¢ 19.45| 21.25| ! 13.50 12.60| 10.5%31 1 m
6/2/76 1330 28A 11.52/ 11.6 I{ 15.52] 15.70] 14.5%f .5m
6/2/76 1340 288 10.5 | 11.85/12.5 ! 16.20 15,50 15.35 9.5% 1.5m
6/2/76 1350 28¢C 9.54 | 11.9 16.20[ 15.504 13.8%{ 1 m
6/2/76 1400 29A 10.5 112.07 16.50f 16.10 6.2 .75m
6/°/76 1410 298 10.5 {12.93f 14.80 16.70] 15.5C| 14.70| 10.5%) 1.5m
6/2/76 1420 29¢C 9.65 [ 12.2 14.08[ 16.4 8.8 .5 m
6/:/76 1430 30A 12.77} 13.80| 16.40 15.80 9.63 1 m
6/:/76 1440 3o 12.33115.3 {16.7 16.91 14.70f 14. 23 10.3%3 2 m
6/2/76 1450 30C 11.7 | 13.53 17.0 | 16.0 9.5% .5m
672/786 1s00 31a 15.13% 13.6 17.0 | 16.5 12.7%{1 =
6/2/76 1510 318 12.97 15.1 | 19.6 | 19.9 17.35 14.7 | 13.6 | 13.5 4.4%) 2.5m
6/2/76 1520 31C 12.89% 13.1 18.4 j18.3 B8.4%] .75m
6/2/78 1530 32a 14.8 | 14.9 ! 16.73 16.704 7.5% .25m
6/2/76 1540 328 14.04 19.24 20.6 l 17.015.2 | 15.0 . 2m
6/2/786 1550 32¢ 14.5% 14.79 i 17.95 17.03 3.8%( .25m
6/3/76 1130 33a 15.7{13.2 15.6% 14.6 7.9 1m
5/3/76 1140 Eki:) 17.17% 26.29 21.2 | 26.79 15.19 14.33 15.93 14.2 5.2% 3 m
6/3/76 1150 33C 21.5 | 21.43 14.09 13.93 4.0 1 m
6/3/76 1200 33D 21.5 ( 21.3 14.7Q 14.17) 5.6%1m
6,3/76 1210 34a 22.29 22.7§ 14.6 | 14.2% 14.3% 1 m
6,3/76 1220 348 22.3 | 23.09 15.5 | 15.5 11.6% 1 =m
6/3/76 1230 34C 25.25 25.8 | 25.8 | 26.4 13.53 12.99 12.39 12.73 7.34{ 3 m
6/3/76 1240 34D 24.5 | 25.01 13,71 13.8 4.6M1m
6/3/76 1300 35a 25.9 28.9]28.9 | 28.73 25. 13.89 11.290 11.3 | 11.00Q 11.3 0.9% 4 m
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Table 2.
SALINITY %, . TEMPERATURE °C )
’
_ . = T
Cr7E TIME STATION | Om | 1 m | 2m Imld4m  5mjO0m{1ln|2Zmn 3n|4m|5m
8./3/76 1310 358 27.91 28.73 12,7 11.2
6/3/76 1320 3s5C 25.01 27.1 14.0Q 12.6 * 1m
8/3/76 1330 350 26.14 28.1 14.29 12.0 3.5% 1 m
6/3/16 1340 35E 24.3 | 27.09 14.49 12.99 3. 1lm
6/15/76 1210 36A 29.6 | 30.62 12.7d 10.5 18.3y1 m
_—6/}5/76 1220 368 29.64 31.01{ 30.78 11.75 8.69 | 8.65 3.2y 1.3m
6/1.5/76 1230 36C 30.6| 31.0 31.0§ 30.8 10.49 9.3 | 8.98{8.73 . Inm
6/15/76 1240 16D 30.95} 30. 94 9.95 | 9.55° 7.58 1m
6/15/76 1130 36E 27.9 | 30.3 16.2 | 13.8 4.9 1m
6/.5/76 1140 36¥ 30.8 | 30.6 | 30.9 | 30.8 12.6 1 12.3 | 12.0} 12.0 ’ 3m
6/15/76 1150 36G 390.7 | 20.4 12.2012.2 3041 m
' 6/15/76 1255 37a 30.9{ 30.9 " 8.80( 8.59 1.74 1 m
6/15/76 1305 378 4 30.6 | 30.79 30.9 10.0 (9.3 8.75 3.68 5 m
8/15/76 1315 3¢ 29.65 13.79 13.0% .1m
6/15/7€ 1420 3170 30.39 30.7 11.2] 11.09 1.8 1m
_6_/.15/76 1430 378 31.3 30.83 12.9] 11.47 1.5% .7m
_L/l_ﬁ/76 1440 37F 4 29.9129.81{ 30.0 13.29 12.9{ 13.0 * 4 m
6/15/76 1340 iBa 30.7 § 30.79 2.5{9.45 3.3y1m
6/15/76 1350 388 30.8 | 20.59 9.95 ] 10.1d 1.44 1 m
8/15/76 1400 38C # 30.33 30.49 10.6 | 10.4 * 35m
6/15/76 1200 39A 31.0 | 31.0 10.81 10.79 5.04 1 m
6/12/76 1210 398 31.3 | 31.8 8.0 7.7 2.441m
6/16/76 1220 3¢ 31.3[31.3§31.4 | 31.2% 31.4 9.3 8.8 3.2 8.4 8.3 0.8%{4 m
6/15/76 1240 4CA 31.0 {31.2 3.85| 9.2 2.C% 1 m
6/16/76 1250 408 30.83{31.6 | 31.4 | 31.5 |31.6 |31.4 9.40{ 8.50{ 8.10f 8.0 8.1 7.9 1.135m
6/16/76 1410 40C 31.6 {31.2 11.4] 11.2 3.0%{.75m
6/16/76 1420 400 30.3 §31.2 14.3] 1l.8 19.3%1 m
6/16/76 1430 40E 30.8 14.7 5.6%) .1 m
6/16/76 1300 41A 31.7 | 31.58 7.1 7.4 2.2%{1m
6/16/76 1310 41B 31.3 | 31.5 |31.4 }31.3}31.4 9.90| 8.3 7.5 7.3 7.4 1.1¥d4m
6/1€/76 1320 41Cc 31.7 {31.7 9.00{ 7.6 31|l m
6/15/76 1330 41D 31.4 131.8 |31.6 |31.4 8.50{ 7.80( 7.40{ 7.10 3.0%3m
6/14/76 1340 41E 31.7 |31.8 8.10{ 8.20 4.6%(1m
6/13/76 1530 423 31.4 {31.2 18.60]16.90 16.0% l B
6/1u/76 1710 428 31.4 |31.3 15.0 |14.40 15.8%].5m
5/18/76 1600 43A 30.82131.0 13.2 j13.1 14.7%).5m
6/16/76 1610 438 31.2 |31.0 12.10§12.50 1l.4%{1 m
5/16/76 1620 43C 31.3 31.1 12.30{11.80 13.6%{1 m
6/16/76 1640 442 31.2 {31.2 13.70{13.45 17.4% 1 m
6/16/76 1650 448 31.2 {31.3 13.4 113.4 20.4%|1l m
6/16/76 1700 44C 31.4 {31.3 14.3 |14.1 20.7 {1 m '
9/30/76 1019 49 24.25{24.7 | 25.35{ 26.6 11.7 |11.0 j11.3 {10.8 <1y |3 m
9/37°/78 1334 49 31.0 [ 31.15131.3 11.3 |11.4 {11.¢C
9/32/76 1030 50 27.25127.0 |27.2 {27.2 11.27111.95/11.1 110.85 <13 (3 m
9/23/76 1315 50 30.5 {31.2 |31.2 11.35{10.9 [10.7
9/36/76 1050 51 29.7 |29.3 |29.7 11.6 11113 [11.5 <1y (2 m
9/30/76 1300 51 31.9 {31.4 {31.1 {31.7 10.45/18.2 |10.3 [10.3
9/30/76 1110 52 30.08!30.27{30.5 {30.2 11.35{11.64|11.4 [11.50 <1% {3 m
9/30/76 1140 33 31.1 |31.4 |{31.53{31.5% 11.S§ 11.3 {10.45{10.32 <1y | 2.4m
9/30/76 1155 54 31.53|31.2831.55/31.65{ 31.6 10.4 {9.75 (9.4 3.2 9.2 <1v 13.7%m
~L/3_C_/76 1220 55 31.0 {30.69]31.5 31.6 |31.9 |31.7 {11.8 |11.7 [11.3 |9.18 3.351 9.25| <1V [4.5m
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STATION NUMBER 1ay lag | by | by | dey | dep | 2dy | 3a, | dey | rep | afy | 1y | day | dgp | any | any | 20y | 2ap | 2by | 2wy | 26y | 2ep | 29y | 2331 2ey | 2ep | 3ay | 3ap | 3y | 3by | 3cy | 3cp | 34y | 3dg
v | w e e |w w Jw Jw Jw e |w " w | w o |w [w n R NN S - R o O
SAMPLING DATE [N I N N N N AN N N N N RN STEIS |2 ]S |8 IS |8 STSLISTSTSISTSTISTSISISISHSTS
S Q o S o o o ) S o =) o S S S o S S o o 2 Q 13 < g 1] 8 8 ] g I g Q I
A IR IR RN A N RN N N R A N N NN N BN BN BRI RN statslslslslstislistlstlsasls! &ofs
> L) * & a a ES o o ES o o & EY o Y o * - Y o @ @ @ o o o @ o i @ o o o
NO. OF SPECIES 0 ] 2 [ 4] 3 2 4 5 6 3 4 6 5 3 6 2 3 3 6 [y 2 S 4 & 4 3 4 3 4 4 5 3 3
(LIVE/TOTAL) 0 [ 3 4 4 4 q [] H 3 B 4 3 7 B 5 7 5 <7 7 [ 8 5 8 7 5 5 4 5 5 5
NO. GF INDTVIDUALS o o | 18 0 56 2 19 Les [129] 20 f1s |10 s7 8 |48 |28 | a0 |12 |47 |46 2 |es | 77 Jeos|{7n |17 |58 |98 | ss | 22 | se | 230) 157
PER 20 ml (LIVE/TOTAL) o o | e85 J1120 1600 |1366 |2824 |2079 [1107 |1806 |2594 |5994 [2845 |ude | 205 | 201 | 241 | oo {1711 {2835 2386 {5911 {1580 |1035 [1733 1751 690 |ses |31s4 {2863 |az05 |2040 | 2108 |1247
i
Amnsbaculiten foliaceus — 4
) L
A. dilatatus T — X
L
. o 4 2 2 12 4
Armonia becoarii 7 X X I 2 X
it sal ; C I X
Arestium salsiwn v 12 3 X X
L
Arenoparella mexieana X X X
Cribroelphidin L 1 s |12 60 10 2 4 8 4 leo | 70 83 | 96
cxeavatum T X X i 3 (30 1 X X X 3 X_| 26 3 16 120
Haplophragmoides L
Lonplandi T
radummina polystoma L 2 2 121 120 {11 |8 2 5 2 | s 9 5 2 9 4
| - potyston T 3 1 5 7 i 16 3 3 X 3 i i 1 i 10 6 X X 1 X 1 X
Miliamring fusca L ’ 2 50 68 65 81 20 62 54 62 27 93 65 E | 26 28 77 71 26 24 6 7 20 22 90 30 15 2
i fud T X X 5 3 52 [ 35 | 63 | 70 | 39 | 43 | &8 | 76 | 78 | 65 | €9 | 48 | 65 | 55 | 58 | €3 | 63 | 67 | €5 | a3 X 1 4 4 [ 46 | 26 ] 69 | 59
Polysaccammina L
i[mhu Iina T X X
Protelphidium L . 12 4 X i
orbiculare T X X 3 2 . X X
Quinqueloculina L 1 2
seminulum T X X X
L
Heophax nana . — o
L
. . N 4 50 16 6 4 7 7 15 42 18 4 50 2 53 24 7 4 14 4
Tiphotrocha comprimata i 3 7 (o 121 |6 [ & [ X [ x| % 26 [ 25 |73 5 T2 Y [ x 1|4 T e 1 4 3 1
L N
oo 6 10 5 s |25 [s3 fzr | s 2 L2 | 30 | a6 3 119 % 2 | 33 | 18
Trach . — i
rochammina inflata T 2 2 X X | 23 | 16 | 11 [ 10 | 62 | 49 6 | 1z 1 Z 1 X | 22 | 3t | a7 | 24 | 25 | 27 X X X X %_ | 30 | 25 2 ]
L
. 94 95 s |23 a 2 21 | s a1 e 172 | 93 45 2 2
. inflat cen |— -
7. inflata T 97 96 91 86 15 24 14 8 1 X ) 20 9 ] 22 9 X X 87 94 89 91 12 44 10 16

Table 3A.

Tables 3A and B. Foraminiferal occurrences in Chezzetcook areal marsh stations 1-6: percent living and

total, number of species and specimens per sample; X refers to less than 1%, L = live,
T = total.
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K

4a, | dap | by | aby | acy | acy | 4a; | 49y | sa; | sa, | s ;
STATION NUMBER 1 2 1 2 1 2 1 2 L 2| sby | by | Sey | 5c, | 5d; | sd, | Se, | Se, | SE | SE, |59, |Sq, |6 |6a, |6b }6b, |6c |6,
w 0 " w n n n n n w
N N o N N N N N N N = S = < g = g 2 2 2 2 g " ° 9 o © ©
> ) - = = o = o o o ~ ~ N N N N ~ ~ ~ N ~N N & ~ I ~ I ~
SAMPLING DATE gtgtgj81g)8gjg|jsfgjgjs8fsg|sg|s]sg|sls|s|s(s|s|e|sjslastles]los
s | & @ | d | &) @l & ) @ slafslajalalal|lalalad|lalalal|ls ]| ]|=%
NO. OF SPECIES 4 3 4 3 2 3 5 1 2 4 4 5 k) 3 k] 3 1 1 1 ] 2 [ 1 ] 0 1§ Q 4]
Live/total) S 5 4 4 6 5 7 8 5 6 4 6 5 4 3 4 4 5 5 5 8 8 2 2 4 4 7 S
NO. OF INDIVIDUALS 19 29 20 6 2 32 1 58 28 160 17 62 76 13 5 6 9 )] 2 4] 3 [+] [\] 2 o )
PER 20 ml (Live/total) 4644 [4199 [1613 |3323 |2776 |2264 |2041 {1203 |2364 |3367 [6138 [sses |1621 | 4sosf 1822{ 1750] 209 | 417 | 357 [s3s [ 716 | 460 | 238 | 71 | a1s | 793 | 356 | 236
Ammobaculites foliaceus L
. T 7 8 2 X
R . L
A. dilatatus - _
T X X X 2 1
Ammonia beccarii L
T X
) L
Ammotium salswn 50
T X X 5 4 2 4
Arernopareglla mexicana L
T x_| ] .
Cr-Lb.rozlphLduun L 6 100
excavaltwn - X X Y
H % 3
.Ir:plog;hr(;{mmdea Li g 14 10 17 40 75 24 100
onprandr T 2 2 T | x X |t 1 15 | 16 X X X 2 4 X
Jadammina polystoma L
T X 1
Milimmrina fusea L 3 S 17 50 25 21 4 24 3 8 15 100 100 100 50
T X 1 2 2 4 3 8 14 X X 4 1 1 1 5 4 44 70 46 18 44 43 X 1 1 1 42 47
Polysaccammina L
tpohalina "
Protelphidium L
orbiculare -
Quinqgueloculina L 4
gemtnulum r X X 8
Reophax nana L
T X X
Tiphotrocha comprimata Ll1se 17 10 20 38 7 28 15 12 10 3 8
T 6 5 18 10 2 4 9 10 5 9 7 8 17 20 11 10 25 8 2 4 9 10 7 11 4 4
Trochanmina inflata v 3 5 28 26 .
o [7TX X X X i 7 1| 5 3 1] 1 X |18 5 |40 [aa_ |18 23 X
T. inflata macrescens Ll 69 80 67 50 40 28 25 64 21 51 65 87 | 89 77 _ 100 o
e Tri9n 92 79 88 93 92 82 74 78 74 84 84 80 _77 84 85 13 12 11 33 14 10 100 98 89 83 49 44
Table 3B.
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STATION NO. —,al 762 -“)1 'Ib2 7(:1 7c2 7dl 7d2 7el 7e2 Bal Ea2 Bhl l]b2 Bcl 0c2 Bdl de 9a1 9:,2 921 91)2 9c 9c2 E*dl 94 9e e
= = 2 2 2 2 2 3 2 2 2 2 2 e 2 2 2 2 2 N N c 2 2 g 2 2
PATE SAMPLED SIS SIS S S S SIS SISISISISISISIStISiglalslalalstislisls)s
~t o~ — ~ ~ ~ - I I ~ I ~ I ~ I ~ -—\4 Q Q i < Q Q Q N < Q fal
s s ltsl st tsls sl il st sl s | 3 = < R ) S 15 |3 s 3 |
NO. OfF SPECIES 0 0 0 o 2 2 3 4 2 6 3 3 2 4 7 4 5 3 0 1 0 o 3 1 0 1 1 1
(Live/total) 2 2 2 2 6 5 8 8 10 [ 6 7 3 5 7 6 a 6 3 3 3 3 © 5 [ 4 7 9
NO. OF INDIVIDUALS [4] 0 0 o 34 20 50 34 3 20 34 34 112 39 74 33 42 11 0 1 0 0 14 3 o0 1 1 1
T?R lOLCT L 7 2 119 | 100 | 2340] 1313 2958 3207) 111 | 111 | 1538 2200| 791 | 410 | 1647] 1073 144 70 93 | 427 | 464 | 3099 777 | 606 | 261 | 200 |} 287 | 214
LR ota
Ammotaculltes L
dilatatus T X
[ L
A. foliaceus T % .
; . L 5 9 10 9
Ammonia beccarii " % e < e 1 % T I 14 17
; - L 2 .
Ammotium salsun . % T % 3 i " 5 1 3 %
. o L 10 1 10 8
Buccella frigida . 3 > " " A 8
Centropyxiz L
exeenltricug T X
Cribroelphidium L 41 55 56 | 53 | 67 | as 35 35 | 8o | 69 | 43| sst 76 | 73
excavatun T 2 1 6 2 11 25 2 1 17 10 4 3 47 51
C. excuvatum L 15 _
clovatum T 1 5
Haplophragmoides L
bonp land: T X X X
Helenina L 6 33 5 6 2
and- rsont T 1 2 1 3 X 1 1
L 5 3 6
T X 33 25 X X 6 3
L
polystona T X X X 1 X 1 X
o L 59 45 40 35 20 59 59 | 20 26 30 27 50 100 100
Hiliamning fusca 2 HG | 50 | 43 | 4 | 96 | 97 | 92| 95| 49 | 40 | 64 | 72 | 82 86 | 94 | 951t 221 18| 3 2 3 5 17|13 47 | 54 | 55 | a3
Protelphidium L 2 16 2
orbiculare T X 1 X 1 1
Protcschista L
Tnedens T
Quinquzloculina L 4 6 1
geminulun T X X X X
Tiphotrocha L 6 14
comprimata T ) 1 2 6 4 41 [ 16 14 2 6 B 1
Trocharmina 1
inflata T 2 X X 1 33 24
T. inflata L 100 35 |10 100
racrescens T 14 57 46 X X 3 91 93 56 64 [ 14 49 a4 6 48
Urnulina L
compregsa T X
Table 4A.

Tables 4A and B. Foraminiferal occurrences at Chezzetcook areal marsh stations 7-15: percent living
and total, number of species and specimens per sample; X is less than 1%, L = live,
T = total.
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ATIOn 10 1 10a, | 200 | 200 < i
ETATION NUMBER N 2 N g | 10e, [ 200, [10a, [ 10a, faray fare, [any fuab, L riey [ ane, [ a2, bizey biae) fazb, [aze | aze | 13ag] 1y b | s ] 1ae e | lae ] dea | b |t ) dae b el 3af sy 156, ) asey| 1se | ase | 13a| 1se,
2 3 F3 ’ ,‘f » 3 ] 3 ) o » > 3 3 3 w I d kd I @ b W wr W 4 & £ rd bd b w W b W W '
N HHHHEHHEEHEHEHH I P e e ey
g o 2 3 2 2|z 2 g H & & | & R RN 4 & R & 4 S 18 R 2 £ £ LI LR 8 14
P T T S T S T 0 0 U - - 0 T 0 - T T T 20 0 I SISISISHIS ) ISlS
NO. OF SFICTES 1 1 1 2 0 0 1 2 [) [ 2 1 o o [ o 1 Q [ Iy 1 2 H 2 1 2z 1 2 F] k] 4 1 2 1 3 3 ¥ 3
Aldye/total) A 7 A Iy 5 3 1 3 5 1y i 1 1 3 3 ] i 1 3 ] 5 ) ] I ] 1 ) ) ) 1 7 5 [l 4 [] 7 ] [}
WO. OF INDIVIDUALS YLK | 1 1 1 ] o ° 1 12 | o ° 3 3 ° o ) o F] ) o ? 1 3 6| 60| 3 15|72 7 13 [ 24 7 E 7]« e EER )
10 cw  (Live/total) 471 [exe 497 fae3 Jars {14 f2ee T2se 30 [aer fres [aex b oer | ax Jawr faes [sse f2on [ ze2 [ 3e0 | 3 | u29 | 1de0j 138 735 | 411 | 956 | 1022f ea9 | 435 { 675 | @19 | 87 [ 63l | 378 | 257 | 472 | 224 | was | 65
drmobocuTires” T T T [
dilatacus T X 3 X 1 1 X X
A, foliaceus L 100 50 Il
LS B 2 2 F] [} & X 3 F)
Ammonia koo N
Armot i salewm L 100 59 3
T2 2 1 1 1 1 X Fl ) 2 1 2 F) L X Y
Buccella frigida ;
Centropyrin T B
sroentricus ki
Critrcelphidivm T
CEORI LM T
€. eroavaton T
clavupun B
Hay lophragondes 2 o [ %0 10 54 A 7d [
orplande T X X X 7 18 1 1 13 {22 4 s X 1 s 12 | 20 |33 Tx x 3 1 x 12 | i
Helenina L
anders g T
Bomta; hanmoriing T
Praded T
L
z X
Miliamriva fussa [ ) 100 100 ) 76 [l [] 12
N 7V B 20 T M B S WG S S I DTN ) 1 2 iTe [) 3 P 1 1 TS Y2 i 1 Fl 25 | 3614 2 X ¥ S6 [ 1t € ] 5 17 [ X Fy
Pretalphidiim T
srbizulare T T
Frotoschista T T
findens T T 1
Guingueloculing i
seminilum T T
Tiphatroela L 33 33 10 1 & 23 35 In
SO I 'y 4 1 16 [ 1% 321713 20 S W 2 S TR AR F3) 7 ] 15 iT 14 ] z ] [ ) 16 | 13 10 10| 11 21 12 i 11 1 Y 18 |38 ] 24 101 a1
L 67
Z 1 21 143 1 z ] X T 7
L L. 50 100 &7 33 100 100 100 [ a0 80 100 90 85 92 59 22 is 100 1¢0 &9 &2 8¢ 79
LI 9 v 14 (5N £3 i3 Y 57 52 3¢ g4 ' 11 43 89 89 99 as a5 _1 89 (1) 90 4] e 20 64 84 (1] 53 47 80 6t (X 58 31 53 72 60 57 78 (1]
¥
euprasss % | | = A I n

Table 4B.
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Tables 5A and B.

Foraminiferal occurrences in Chezzetcook marsh areal stations 16-20, 45-48,
percent living and total, X is less than 1%, L = live, T = total.
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T
6d 17 17a 170 . 7 a 9 19, 9b 19b 19 19¢ 194 19d.
STATION NUMBER l()al 16-l2 ].6?.)l l&bz lﬁcl 16(:2 1651 1 2 2y 1 171:;2 l7c_l IICZ 1861 18a Hibl 1Eb2 .lﬂ(‘;1 18c 1 'Al az 1 It 2 c) <, 1 d,
© o ) © ) o © © ) ) © o © w o < ) < I3 < < o © © © ° ©
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N ~ ~ ~ = ~ ~ ~ I IN ~ ~ ~ ~ ~ ~ ~
bATE sawPLED SUSISISISIS s lslstslsislalslalsislslatlsls!slstls|s]sls
AN IR N B RN BN R N R R B A T B T2 T2 fg T Q12 sl 2] 2 2
3 ) 3 3 3 3 3 B < < - R4 <~ < < < < < o« < < R < 3 3 3 )
~NOTOFSPECTES o 0 1 3 ] 0 3 3 1 1 T 1 1 i i ] ] 2 p) 3 3 1 1 2 2 1| 8

{Live/total}) 5 5 4 5 5 S 5 5 4 3 5 7 7 8. 4 4 4 S L 9 A ) [ 5 a 1 14

NO. OF INDLVIDUALS PER 4} 0 5 4 10 0 12 14 1 15 19 2 2 2 3 4 14 2 2 s 13 24 2 15 26 | 252 | 186

3 - . P ;
10 cn? (Live/totalt 403 | 529 | o56 | 450 | 539 | 344 | 441 | 412 | 343 | 473 | 326 | 399 | 1014] 1050| 383 | 246 | 389 | 319 | se0 | eco | 1519f 2126 | 149)862 | 992 | 1316] 522

N . L 100
Ammobaculites dilatatus . X X 1 3 1 1
. L

A. foliaceus v T 13 i1 i1 1

. . sr L 6 4

Ammonia beccarii s X a 2

Ammotium salswn L .
! T X X X 3 3 A 6 1 X X X X

Arenoparella mexteana ;,’ X
.. 4 €

Buccella frigida ,'; - 2 2
Centropyzta excentricus ; — %

Cibioides lobatulus " X %
Cribroelphidium L 20 100 | 40 62 65 S0 57

excavatwn T X 1 1 2 18 31 28
C. excavatum clavatwn ;

C. excavatum L

galseyenstis T e
Difflugia capreolata t

7 L S

D. urceolata

T
L 2 1

Eggeralla advena -

949 T 4 ]
Glomospira gordialis ; x
Haplophragmotdes L 25 7 25

bonplandi T 17 12 X 30 27 3

: i : L B 2 2
Helenina andersoni T 2 2
Hemtaphasranmina L e 3 3
bradyt T 3 E]

X L
Jadammina polystoma " % X % X r T i X i ]

e . L 25 | 20 50 60 50 {100 60 18 32 20 17
Miliammina fusca 3 51 3 | 3% [ 6 | 5 [ 13| 5 Ty 8 75 [ 8 | 3 |3 [ ¥ |1 13 |1z | a3 | a1 | o | a7 | 33 | ®a | 94 |76 [ 39 |7

. . L
Pontigulasia compressa T —
Protelphidium L B 31 3 12 9

orbiculare T X 1 6 3
Protoschista findens ;

Quinqueloculina L X

aseminulum T X X
Reophax nana ; - — < :j -

. . L 25 8 14 7 20
Piphotrocha comp ¢ : e O

LpHOFTOGNa comPrimatd w1736 | 26 | 5 4 3 | 11 | 22 | 20 [ 8 [ a ] 17 8 | 10 3 6 |25 726 & 8 X X %

- T L 56 15
Trochammt Lat,
roe na wnflata [ 3 3 3T 136 a6 | 46 1 5 1T TX ] 3 R EEVE N T T35 T 14 3 5 i 3
P L 100 50 80 67 18 100 100 100 100 100 100 75 93 50 50
T. inflat rresce
T. inflata macreveens o ‘e85 135 2 38 | 37 | 45 | 56 | 9a | 84 | 83 | 73 | aa | a4 63| o6 | a6 | a6 | 17 |30 X
7. ochracea L F— - -
T X B
Urnulina comprassa ; ...... | R - e _
R L
Planktonice o S _

‘Y9 STOEL

0TvY



-t
S
&

46, 46c, | 464 t6e 7 ™ ¥ " 7
enrion NBER 20a, [ 204, mbl 00, 20c | 20c, 1 asa; | asa, [ asb [ ase, w“ <) N [ KT T IRTY REINE VS RECNE RE S 2 478, Tara, [ama) nsy o ves, Taes [aae, faea; T,
2 i e T [ N U [N SEDP ) P [
= 2 ° » P . o] e el 2 ® ° 2 " © » » e " * @ M
I3 2 3 & & 2 Py P » - " - - o | w e | e 2 el e 22 3 F3 & 2 8 2 2 2 13 2 3 2 1>
oATE samrLED SI st st sl sl sl 1S 1SISIS SIS, s ]3| s]els|afs] | | ]| 3] 5] | s 5| 2432s
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Tables 6A and B.

Foraminiferal occurrences along transect I, Chezzetcook marsh:
total, number of species and specimens per sampling elevation;
L = live, T = total.

percent living and
X is less than 1 %,
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Tables 7A and B.

Table 7A.

Foraminiferal occurrences along transect III, Chezzetcook marsh:
total, number of species and specimens per sampling elevation, X is less than 1%,
live, T = total.

L =

percent living and
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Table 8. Foraminiferal occurrences along transect II, Chezzetcook marsh: percent living énq total,
number of species and specimens per sampling elevation; X is less than 1%, L = living,
T = total.
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Table 9.

Foraminiferal occurrences along transect V, Chezzetcook marsh:

number of species and specimens per sampling elevation; X is less than 1%, L

percent living and total,
live, T = total.
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Table 10.

Foraminiferal occurrences along transect IV, Chezzetcook marsh:

number of species and specimens per sampling elevation; X is less than 1%, L -

percent living and total,

live, T = total.



T = total.

STATION NO. 4al 4a2 441 4.2 431 4az 4AL 4a2 4al "’2 -tal 432 4a 441 441 4n2 441 442 441 442 4&1 4-12 4,31 4.;2 4n1 442 “). 432 “1 452 hl 4@2 qal 452
) 0 © o o 0 0 ) 0 0 0 3 O w0 9 o o 0 4 w ~ ~ [ = o ~
« ~ ~ > ~ ~ = ~
SIS < N NI AN [N N NI N g NI I I 2 1% I< |8 N 3 e > S e 9 < STS1S 5 S 15 S
DATE OF SAMPLES 0 o o Q o Q < L © @ " 0 ~ N ~ ~ o~ ~ ~ - Awl n0] O Q -4 -4 Y w “@ “ @ @ A o
~ - ~ & I d — o I o~ ~ ~ @ o < « o~ o ~ ~ Selsel oy 3 o B o < < < N N g
PR 3 3 3 |3 s la s |a N S le o & S _|& s 132 S 2 13 ~ Al ~ [l Al e ] < “ o o
NO. OF SPECIES 1 0, 1 2 2 / 1 2 2 3 / 5, 3 3 4 3 4 5 3 2 4 6 41 4, 4
(LIVING /TOTAL) 5 1,74 5 () 4 (] 3 () 4 4 4 4 5 s 4 4 H 4 5 4|4 1 5 5 5 4 5 5 5 /] 6 4
NO. Of SPECIES PER 1 2 [+ 2 3 1 |27 1 23{ 1o | 119|864 {824 (237|880 |B24 {872 |666| 162| 5663881352 |10 {528 902 630] 104 | 66 | 422|668 330 {782 | 351 | 564
10 cm” (Living /frotal) X )
N 596 | 501 | 134 | 323 | 245|538 [699| 256{ 460 | 238 577 2522 068 ROS1 | 3934 | 4300( 3444 poss | 1570 [ 2238 2168 1912 | 1594 (1468 2742 | 1836 | 1232 | 686 |1666]2434 | 1324 |2310] 2669 |2842
Ammobaculites dilatatus X
T
. L
Ammotium salaum
T X
. . . L
Centropyxta ecscentricus RN G—
T
Yy X
Cribreelphidium bt
" X
) 100 | 50 100 | 33 9 30 | 20 9 8| 9|12 25 | 7 231 34 ] 15 17 28 {17 4 4 18} 6 15 27 3 8 21 23 5 10
Haplophragmotides banplum}i .
T| 3 | 13 18 29 | 18 9 4 7] 22|30 9 8110 6 12 |13 13 12 7 11 24 {15 7 12 9 k] 4 12 i S 11 16 2 6
Jadurmina polystoma L
T
. . 1 1 X X X 2
Miliamina fusca L X 1 L X - L
LT 3 2 1 2 3 1 2 3 1 X 2 3 1 2 X X 1 1 X X 1 2 1 i 1 1 X X 1 X 1
.. A 1
Polysaceamina ipohalina
T X
. . 5 10 6] 4 3 6 8 7 7 8
Tiphotrocha comprimita © ‘ 100 20 J1a a2 6 5| s 2| a4 o] 8 8 |
Tl 18 12 25 19 | 34 26 | 14 | 21 9 17 § 15 17 114 | 10 | 12 10 | 16 5 17 | 13 23 {20 {14 16 | 12 i3 21 21 | 20 § 21 16 13 )12 11
X 1
Trochammina inflata L - b X X & 2 L
T X 1 X X X X 1 X X X 4 1 1 X o
. . L 50 67 91 | 100 70 | 80 70 77 |76 | 73 | 67 87 72 | 61 | 83 78 62 | 715 | 86 89 | 78 90 79 73 183 80 | T 69 87 | 86
Trocharmina tnflata |
| macresoeng r] 45 | 72 54 51 ) 46 |"62 | 82| 71 |66 |50 | 75 |75 |82 |81 |75 {84 n 1|24 |5 53 ] 65 | 78 |70 | 77 | 80 74|65 ] 72 72 | 72 70_|_86 | 82
Table 11A.
Table 11A and B. Seasonal foraminiferal occurrences at Station 4a, b, Chezzetcook: percent living
and total, number of species and specimens per sample; X is less than 1%, L = live,
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STATION NUMBER ab, | 4b, |4b ab_| 46, | 4b_ {4b, {ab 4b, | 4b, [4b, |ab, [4b fan ]
N 9 N 2 1 2 N 2 N 4 N 2 1 > |4by by |aby | Ay jab b, by | ap, J4p, f4b, f4b) fdb) dby ddb, jdb) o fab, dby (4D, dby 4b,
o T -2 £ @ 2 T T [ ) o I3 o vy ”3 T o T %o T % = = = - I
srErerele e Iele e e e stelelele el (B (8 IS SIS IS8 5|88 15 |5
DATE OF SAMPLES 3 3 &1 8 a 2 AN - - ] 18l 5] & 3 S P o 4 4] b o N 3 9 wlow o Al e < =) a
S S SEsts < SES S N N N S S N N RN S > S < > > < AN NS DN N I a d 2 o
< < - ~ Py « « w N ~ ) @ o > > @ =1 ~ a S ~ — o] = - ~ < < m w ) @3
NO. OF SPECIES 2 1 1 3 2 1 2 2 1 2 {4 2 3 4 2 2 5 2 4 3 2 2 4 4 3 4 |2 2 2 2z 1 4 3 4
{Living/total) 4 H 4 5 4 3 4 3 4 4 6 4 3 -4 6 5 4 4 4 4 H 4 4 514 3 4 5 4 7 5 4
NO. OF SPECLES PER 2 5 2 5 8 2 38| 86§ 18 13 |s60 | 342 | 192 [ 810 |352 352 | 304 | 282 { 278 | 328 | 224 | 446 | 336 | 972 | 368 [416 | 14 | 46 262 (338 | 364 | 554 | 444 {222
10 em3 (Living/total)
228 {295 | 182 | 281 | 219 265 | 594 [ 503 | 269 {260 266014201366 2618 | 2218 {1838 | 1420/ 1528 {1304 {1382 | 1710 {2126 | 1382 | 1600 [1438 |1348] 94 1265 812 |1174{1204 [1430 {2596 [1784
L
Ammobaculites dilatatua . 3
X x
L
Armotium salsum
T X
x
L X
Contropyris excantricus
z x
L
Cribroelphidiwn excavatum
T
L 20 1 1 1 1 3 F] 3| 4
Haplophragmotdes bonplandi - 8 X
T X 1 X X 4 1 1 X X |1 X X 1 X 3 X 2 2 X X X x| 1 X 1 2 1 1
L
Jadommina polyotoma -
T X X
L
Miliammina fusca x X Y 1 X 1] 1 i
] 2 1 s | x 2 2 2 1 6 3 1 1 N 1 1 2 3 2 2 2 2 & 4 1 2 2 1 2 2 2 X 1 2
T ~ -
Polysaccammina ipohalina 1 -
P X . X
L : -
Tiphotrocha comprimata 50 20 | 12 3 2 8 12 |22 {as |10 5 10 | 6 7 s 3 5 ) 8 10 12 7 13 10 12| 21 21 27 14
v | 3o 21 |15 | 27 | 37 28 | 20 |16 | 28 19 w23 |27 | s 14 18 |14 19 18 |12 20 18 18 21 12 |u 6 19 13 17{ 20 18 26 2
L
o 1
Trochamnina inflata 1 - 2
T 2 X X X X X X Tx X X
Trochwmiina inflata | so ! 100 | 100 60 | a8 100 | 97 | 98 | roo | 92 87 | 78 | 43 | 81 a5 90 oLt 92 93 96 95 91 89 90 67 91 | 93| 87 90 |88 74 76 71 a0
'fﬂaf'aflﬂf’f'“ T 67 74 78] 72 | 57 70 | 713 | 82 65 | 17 04 | 76 | 71 | 84 85 B0 CER R 86 7T 77 16 73 67 6 | 90 | 80 84 |80 TE 15 77 T8
Table 11B.
-
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Table 12. Seasonal foraminiferal occurrences at station 7c-d, Chezzetcook: percent living and total,
number of species and specimens per sample; X is less than 1%, L = live, T = total.
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STATION NO. 20))1 20b2 20b1 20);)2 20by 20b2 20):)1 2Ob2 20by 20b2 ZObl 20112 20bl 20b2 ZObl 20b2
0 ™) ) ©
© © N N 2 2 N < 2 e [N N [N = N PN
SAMPLE DATE ~ ~ w 0 Q N 0 =) SN N N ~ ~ N ~ N
N ~N ~ -~ L ™ — — ) wn [y} ™~ @« Y] o Q
N = ~ S~ ~ N ~ ~N ~ ~ — ~ — - — -
~ ~ =) o ~ ~ A - N o N N N N N N
L) [+)) ~ - -t 4 -t ~ ~ — < < wn un O D
NO. OF SPECIES 1 3 2 4 6 5 5 5 3 5 4 4 3 4 4 1
{LIVING/TULAL) 5 5 ) 4 6 6 6 5 3 5 [ 4 4 5 6 7
NO. Og SPECIES PER 100 46 188 218 356 998 228 294 252 232 342 420 210 178 15 2
- Livi |
10 em® (Living/Total) 1753 |1486 |2276 |2486 |1118 |2048 | 723 | 854 | 286 | 494 | 1332 {1658 [1332 |1108 |2857 |18s2 |
. . L
Arrmonia beceart
" X
. L
Ammotiwn salswn
T X
. L 8 1 3 1
Astramwnina rara
T 3 X 1 1 1 1 2
. L L X 7
Cribroelphidiun excavatum
T X X X
Haplophragmoides bonplandi L
P X
Jadammina polystoma L X X 1
T X X X X X 1 X
P . L 100 91 98 94 04 96 86 74 99 94 94 82 77 a4 27
Miliammina fusca
0 95 94 97 04 83 94 83 | no a9 a5 aA a0 a7 |8 ]G 91
Iiphotrocha comprimata 2 2 1 X 1 4 ! 2 U 16 7 21
T 1 X 1 2 5 1 1 4 1 [ 13 4 2 2
Trochamming inﬂata L 4 3 3 3 9 16 X 3 3 10 7 8 40 100
r 2 4 1 4 7 5 12 12 1 3 6 7 5 6 10 [
Trochammina inflata L 4 1 3 X 4 3 1 X 1
macreLIEns 1 1 1 1 X 2 X 2 2 1 X 1 1 X x|

Table 13. Seasonal foraminiferal occurrences at Chezzetcook station 20b: percent living and total,
number of species and specimens in each sample; X is less than 1%, L = live, T = total.

ceY



STATION NUMBER 2a; | 2a; | 2oy | 2bp | 2¢y | 2cp | 2a; | 2a; | 12b)| 12bp| 13by| 13b2| l4by | ldby| 15b) | 15by| 16a) | 16ay | 16b) | 16by | 64y | 63, 6h) | 6by | 6c) | Bc, | 20a; | 20ay| 20cy| 20c,
0 o
e 2 2 2 g 3 g g < 2 2 & & 2 e 2 g 2 3 3 2 0 0 © ° ° w © © 0 ©
DATE OF COLLECTION N N N N g IS = & N g N g g < g N < < N 2 2 2 2 2 2 2 2 I3 2
- A - -« A ~ — - -4 - - -~ - -~ — - - - - N N ~ N N N N N o~ ~
- — - -t ~t - Y N -+ — — ~ - — ~ - ~ - I ~+ < g : ‘: ?\ { { V\ i 1
& b W = & a S P > > > & & s | @ B s | @ @ & k) & & & & > B > >
NO. OF INDIVIOUALS PER 3 1 24 30 | 158 | 266 | 75 120 | 180 | 206 | 181 | 222 | 200 | 294 | 322 | 190 | 264 | 268 | 152 [ 130 | 127 | 129 | 142 | 168 | 184 | 54 | 502 | s08 | 42 | 82
10 ecm? (Live/total)
474 | 270 | 821 | 682 {2820 [2672 | 688 {1025 | 1184) 1166 847 J2104 [1136 1568 [2204 | 948 |1420 {14se [916 [io24 | 693 | IS0 1118 | 1942 | 1898 872 | 1389 | 1588 1078 1118
Ammobacul ites L
dilatatus T X
L
. L 2
A. foliaceus T X X 1 X b x
T
Ammonia beccarii
w X
L
R 1 2 1
Ammo tlum salsum T T X X X 1 X X % 1 3
L 1
Apegnoparella mericana
T X
L
Centopyria excentricus " X X X
Cribroelphidiuwn L 7 72 | 89 s 117
excavd bum T X 8 14 1 1
T
Eggerella advzna . T T
Haplophragmoides b 2 21 10 12 25 1 1 2 12 6 1 7
bonp landt £ X X 10 2 € 12 X X 1 2 X 5 3 2 2 X
Hemisphiw rammina L
bradyi I X
L 1 1
Jadwmmina polystema " X X X X X X X X
P . Ll a3 7 37 25 10 39 17 7 1 2 4 2 5 2 12 |16 49 52 1 2 15 8L 56
iliammina fusca | 5 4 |48 |43 [90 |86 8 3 3 2 2 1 2 2 [] [ 34 |37 a0 36 | X X 4 3 8 14 2 X | 90 | 87
Polysaceamming L 1
ipohalina T X X
Protelphidium L 7 1 1 o
orbiculare T X X X %
Tiphotrocha ¢ ; - 10 2 1o | 36 | 22 | 27 ¢ o1s | o2 | 21 |20 a5 | 39 9 | 3 9 1 J a4 a2 |63 | us 3 2
tphotrocha comprimata Ty 1 9 16 2 3 5 25 23 20 12 1 16 | 16 28 20 10 8 5 2 24 15 15 i5 3 2 L 1
L
L 1 i 8 12 24
Trochwmnina tnflata T 5 10 1 X X X ) 1 10 11 B )
r infl " L] 67 100 | 29 40 61 8y |8t | 63 ! 55 f 59 | 73 | 52 | 74 78 39 38 41 17 | 88 99 54 50 34 0 | 97 98 2 E
. inflata macrencens  myg | 95 [38 30 | X 90 54 | 91 7 65 7 80 73 80 80 13 39 40 44 |93 98 67 79 74 68 95 98 3 2

Table 14. Supplementary seasonal foraminiferal occurrences from stations 2, 12-16, 6, and 20,

Chezzetcook: percent living and total, number of species and specimens per sample; X is
less than 1%, L = live, T = total.
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Foraminiferal occurrences in the Chebogue Harbour marshes
nunber of species and specimens per sample; X is less than 1%, L

live, T = total.

percent living and total;
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: 2 2 2 2 2e 2 3b,{ 3b, | 3 3
STATION NUMBER la), | la, | by | 1by | ey | le, | 1d) | 1d, | 2a) | 2a, by b, | 2¢) | 2¢, | 2 | 2, | 2¢) | 2e, | 26 | 2f, da) 3a, 2 1] 36y ., d 3, | de, | 3e, 4a*| 4b by
HO. OF SPECIES 5 1 6 7 B 7 5 3 2 2 [ 3 6 5 4 ) B 2 3 B 4 5 3 5| 5 5 6 B 9 5 ) ) )
Live/total
{Live/total) A 7 a 3 7 9 7 7 3 2 5 4 8 7 9 8 14 e 12 | 10 7 5 8 9 | 8 7 w | n !l 0 a o
O, OF THLIVIDURLE PER 184 | S8 | 144 | 382 | 120 | 520 | 398 | 130 | 46| 51| 60| 22| 46 | 38| 36 | 48 | &0 | 20 22 16 344 | 200 62 | 142|176 | 308 | 84 126 [ 149 3¢ ) o o
10 cm? (Live/total} . i ) .
868 | s24i 2180) 2176] 1462 1se0) 923 | sor | 273 | 232 | 490 | 233 | e11 | 359 | 1477| 1300] 500 | 216 | 680 | 520 | 1@48}1700 ] 1042|1426 ] 1728§ 1534 | 754 | 62| e29| 760 o 0 Q
Ammobaculites dilatatus — 5 3 3
T 2 X 1 1
A. foliaveus L 3 6 | 25 s [ &
T 1 3 2 X 1 ] A
ium oalown L 2 3 10 | 46 25 3 10 S 34 24
T X X T 1 X 1 X X 4 6 7 4 2 X b3 10 10 8| 28
A L1 oo L 6 44 17 3 1
renopareglia mexicand T T X X 3 3 3 T X 3 T ;1 T X X —
Ao tramming vard L 3 [ 4 4 E] 3 2 S 8 12 1 3 8 1
* 1 F) € 7 2 1 2 8 [ 3 5 X 1 2 2 3 3 X 1 X
Centropyxis ezcentrious ; -
Cribroelphidiun excavatun t
Difflugia ap. ‘r'
Eggerella advena .
ides bomplandi b |1 X 1 14 2 2 _
Haplophragmoides bonplar . i % T 2 % 3 £ M i 3 ® 5 M i 3 T
Jadeammt et L 2 2 2 1t 9 6 1
amTena potys tond [ X X X X X i 2 1 X 3 1 T i i 7 X X X 14 7 X X X ¥
MiLiamming fusca Ll 9 17 | 22 19 25 | 71 65 58 11 25 | 60 | 90 25 1 1 3 81 6 1 74 | 88 | a6 | a7
L Tl 17| 42 | 44 | a8 | 2t | 221 ea | 76 1 1 X X X 30 3% 29 30 | 30 | 17 3 1 [ 3 19 | 9 64 | 73 | 4a 38 ]
o L 2
| Poly nina tpohal ——
! ysaccam pohalina < o 3 i
| Pontigulasia compressa ’:‘_ o x
erotelphidium orbiculars © : 3 1 4 17 ]
. X X 1 1
Reophax nuna L 1
T X 2 2 X X
Tiphotrocha comprimata L |17 | 31 12 1 12 | 17 0| 8 [) 4 28 | 23 28 37 7 9 27 | 21 64 14 | 11 | 4 2 y
Ty 19 | 14 17 131 3 26 | 7 s 2 ) 7 34 | 43 1 7 7 13 7 18 | 21 2 | 22 20 | 16 3 4|2 R ) 3 s
" Trochamming inflaca [ Y 12 | 46 | s8 | a8 | s6 | 21 | 28 2 2 15 | 53 33 S0 | 27 12 44 | 27 | 23 | a8 | 68 | BT | s 5 I |
! L TS 9 | 29 [ 32 1 a0 | 42 | 20 [ 14l x X 30 3743 10| 36 38 35 30 45 724 1786 | ea | 92 | 79 | 46 [ 1o | 7 5 |
Tt inflata | o w]ln 8 2. 1 98 | 95 | 67 | €4 | 50 3 28 | 47 3 21 1
Lo ! T 28 34 6 5 2 3 I3 X 98 98, 91 90 31 12 1 1 P 8 18 18 24 47 4 7 X X 2. 1 7 —
— 11 — LT

Table 17

Tables 17 and 18. Foraminiferal occurrences in Wallace Basin marshes:
of species and specimens per sample, X is less than 1%, L

* 60 ml sample.

live,

percent living and total, number
T = total,
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STATICH WUMBER say] oy s, | eag ] eay ] eny | en ) e | e | ea f eh | ea ] owa Teey Lo, Taag Taag Tomy Towy Foe Foe, Toa) Tay Toa) Toay Joe, Toe, Toa) Tou, [any Ton, Toc, Joo, Tea, Taa, Toe Tea, e,
o, or srecizs o o o 7 7 3 3 B B 4 1 7 7 T 7 9 3 3 B t € 7 7 s 0 o T [ 7 € 7 3 0 B B [ [] T
(Live/rotal) 1 o 2 143 13 4 4 5 s o | 8 19 49t nls e 1 6 7 1 9 1w ] e ]a 6 7 Py 1 8 o 6 6 6 7 . « 2
W o v itALs ben 1 o o © [ 95 | 243 1i6] 100| sa | 19| 106 38 ( 59 | 83 | 26 | 18 | © 15 | 46 | 216] 206| 140] 164 | 96 | 36 | 13| 0 1 36 [T1 |39 | %8 | 1ia| 16| lea| 56 | 43 |13 11
10 ea” (Live/total) 1 ) [3 1 168 | 440 | 140811218 | 1266 | 1059 | wea [)204) 097 | 712 666 27| €50 4281 9300 | 2240] Ble] 59311948} 2624} 960 | 1108 | 8% 33 237] 129145 | 163 9s50] 1030|1010} 12321 923}1087]| 6
Amobaculites dilatatus ¢ Lt ; 2 242 2 1
4. folicoeus : X

‘ L i) € 62 a2 N 73 95 36 13
Aot 1
ot (s walsum o 3 1 ST ] X T X 68 | 76 | 38 | 30 1 1 X
Arenaparella mazisana : ——1 F5 ) i
T T T X FE Y e ] 18 | 36 ' 27 | &5 [sa b 31 160 |3 T 16 o1 2 3 7 Iy

Astramming rara

k3 A P 3 ] 2 1 H 0N SO IO A Y W 2 [ 2 a2 X 2 I 14 X 1 X X
Contropyxie ercuncrious :ﬁj .
Cribrosiphidivm ezonmtwm & 2
, T
Difflugia wp.

8 SN X X X X X X
- L
Eggerella advena . X

. L 33 22 33 26 2 s 1 4 2
Huplophragmoides LonpLands
uplophragmoides Lonplandi [ 1 Y 21 18 19 1 Fl 2 1 1 s 13 1 X 7 4 2

: L 2 X 3 i s 8 3

Bz Tyt
aduerring polystoma 5 R W P T A S (N T TN I 2
Miliammina fusca L 2 F] 6 48 [ 42 | 23 | 10 20 {8 15 |36 | a1

T 3 1 11 B 10 [ 4% {3 29 10 1 X Fi 1 £ 2 A5 {47 2 1 08 T iQ 2 2 4 33 2 5 2 4
Slysuo, ina ip. in L l ] 2 [
Polysussarmin ipohaling 1 ¥ £ 5 -1 2 $ - - 5
Pontigulasia com .
Protelphidiim orbiclare 1 i
Heophas nana L

T
Tiphotrochs T 3 10 |17 | & % | 90 | 20 | i3 | & 21 31 | 73 | 7 g 17 | 38 1 33 | 35 [1% s 3 5 ]

g 1 1 13 11 16 13 46 40 32 44 17 19 17 13 22 1 14 FH 18 1 g 12 42 21 £ ] i [ )

Trocharring inflata L 1 38 42 15 18 26 10 15 ) 20 17 4l 6 1 2 2 2 7 [

S T LTINS FYIN NETUS I TI T DAY O NS T S T 05 0 S Y000 TN P M V2 A 1 R Y 1 5 FUN AT ] 3 3 | x 1 & | a
T inflats T 99 | 100 | 55 | 48 | ea | 11 | 2 2 a7 | & 22 | 28 | 16 |7 [ & 3 5 € 1 1 4|88 [ 100

T 12 HIEY IR ST S 0 BEVE T IS B VI 5 X X e T [ T 7ad T [ [ v iz g 1 Ja ] g Vi SVl NP IS T 7 ] & 6 | 96 | &3

Table 18
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Location and

Depth below

Type of material

C-14 Dat Lab . .
ate ab No drill hole no. present sea level used for data
Chezz.
+ 3X- sme £
915 130 ybp GX-4825 D.H. XIIT 270 cm small wood fragment
1510 + 145 ybp GX-4651 wallace 197 cm small wood fragment
D.H. VIII
Wallace p
1845 + 125 ybp GX-4595 D.H. I 150-250 cm small wood fragment
Chezz.
1940 * 140 ybp GX~4652 b X approx. 500 cm small wood fragment
1390 * 160 ybp GX-4596 Cgeﬁoq¥§ 210 cm small wood fragment
. Cheboque
2645 * 130 ybp GX-4597 D.H. TV 417 cm small wood fragment
6625 * 240 ybp GX-4594 gh:zz\.} 1185 cm small wood fragment
9600 * 220 ybp CX-4542 gh;ZZQ over 1190 cm fresh water peat
Table 19. Carbon-14 dates obtained in this study from subsurface marsh sediments in Nova Scotia.
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ORILL HOLE DEPTH (cm) 10 | r-20| 1-35| 1-55| 1-74 | 1-e2| 1-g8 | 1-07 |VIME" Ral Rt vgl— V;;I— Rl A5 Ml TPl R
HUMERE OF SPECTES 7 [ 5 4 5 3 4 5 8 7 4 5 8 8 5 6 7 6
T::R 38 ;?ASIVID”MS 1403 | 738 | 552 | 322 | 455 57 34 57 | 836 | 2150 | 890 | 840 | 750 | 1oor | 846 | 838 | 411 | 178
Arrc tTwn saleum 4 X 1 X - X X 1
Arencparella mecicana X 4 X X X
Astrammina rara 4 14 X X

Haplovhragmoides bonplandi X 2 X 4 X 1 2 1
Judummina polystona 1 19 X 4 X X X

Miliamina fusca 12 11 1 2 2 : 6 7 12 48 X 4 22 X 13 7 10 8
Tiphosrocha comprimata 25 14 6 12 40 21 9 19 | 7 11 8 7 15 18 3 28 31 28
Trochwmmina inflata 50 47 77 48 6 18 32 42 57 36 85 85 38 26 10 15 6 12
I, inflata macrescens 8 5 15 8 52 61 53 30 6 1 7 3 24 51 46 48 51 51

Table 20. Foraminiferal occurrences in Wallace drill holes II, VIII: percent, number species and
specimens per 20 ml at each sampling depth; X is less than 1%.
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Table 21.

DRILLHOLE berTH (cm) 11-0 11I-5001-110011-12511=15001=17% =217 Iv=-0 [1V-100[LV-150/1V=-2001V=-300[1V-3251V-3551V-3TH[LV-38 5[ IV= L0 IV=-41 7| 1N 201V -4 47
No. of species 7 6 6 6 [ 5 2 8 7 8 9 8 8 7 6 8 8 6 7 5
HNo. of indlividuals per 20 ml }3520 2335) 1374 850 | €01 58 12 1668 198 325 372 1124 696 828 292 440 [1005 {2030 818 54
Armobaculites foliaceus X %

Armontia lecoarii X

Amriotium salsum 1 1 6 4 X 4 2 X X X
Arencparella mexicana X X X

Agtrammina rara X X X X

Critroelphidiun excavatum X X

Hplophragmoides bonplandi 1 2 X 2 1 1 X 2 2 4
Helanina anderaoni X

Jadarriing polystoma 1 3 3 4 1 X 2 2 X 1 8 5 3 2 5 1 X
MLligming fusea a2 X X 5;/ X 2 78 39 17 13 1 6 17 5 4 2 X 2 15
Polysaccwming ipohalina X X X X

Protelphidiwn r)rbicul;lre X

Tiphet rooha comprimdtao 4 13 11 4 28 9 8 1 2 19 25 23 6 6 17 14 14 5 4 11
Trochamina tnflata 14 82 85 34 38 69 92 20 54 23 28 63 77 66 70 73 73 90 90 61
T. inflata macrescens X 2 1 1 32 19 X X 32 27 11 2 2 3 5 5 2 2 9

Foraminiferal occurrences in Chebogue drill holes II, IV:

percent, number of species and
specimens per 20 ml split at each sampling depth, X is less than 1%.
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Awecbaoul (tea Jilatatus X 3 1 i 1 iy L] 1] 1 1 x X £y 2 1 L] x 1
A, follacwens X x X X N
Awnia bavoury( P P Y P I s el v Tala s 2 x x
At el ln X s dalstelulealealalw{ulniolololonleslelrefal nlwfsalsef sifnfasizlafnfan]as]gselefstafsfnln ¥ IHERERE [ REEERFE N wle
Areropare Ll rexiouna 3 i X %

| Busvalle frigida 'y x t
Sribroalphidiun ssouvatin 1 % 1 3 Iy
€. _areaparie ¢l 1 X bl s b | sofa ta]a : NN EIENEOED « [ P P
£, sucdvatue alseyinsis 1 3 L) . i 1 1 i 1 2 i i 3
e . Ll

wralla sdvara LY X lx Ly P T . x_lx 1 ] R B ) 1
ook ides bong landi 1

i Jaksmming polystoma X X 1 1 1 i}

Niligwing fusca 17 T} 1 3 1 24l 4y | w1} &y 84 34 19 12} & 1% JUR ) 1] 7 1918 | 8 13 2. 14 ] & 3 1n 3 2 0 21 1 11 131 a3 n a4 18 18 10 x 5 1 1 1 4 . - 14 7 4 3 18 TR T 12 2 14,

C Rl i ipohali x X L]

Protalphidis orbizutare x e X x x |la Jsad nfe fa faafroly ks fs fe trejandsrfoesfoulerfestrsterisrie [0 vie ol el gl 1
Protoduhista findna X

Feophox ming X 2 1 3 1 4 s ! 7 [ 13 7 wl 1 & L] 3 8 s i 2 s 4 1 13 X x

Roauling gul.bi, i 1 1

Fextularia sarlindi X

MNpAotrocha comprinuta 3 X ik, 11, g gy i A A 1 1 i r i i X 1. &, X 1 Y [} 2 3 1 1 X a (3 . il 3 4 s 10 4 . 1y * 1 x 1 13 3 1 - G K i 1. . " 404
frochumming tnflata 2 fasfe lvs fazle LI I P ) il Pl Y 1 ) POl O Y ‘ 2 iyt ads e ts ts|ate 3 | 20 s |2 [ x x [ 2 [ s Ja fJasise BRI mm "

L ¥, inflaca mucres: sel wisol nlas] o) gelalanle ulnliofy Lunte le e r b lats 1 safasf el arle baedvalnfrabas| st sefaefas]aafasfa e {u IR I IR IR mMmmrerEmm

I schracea e T i} vtatadala by atatalytafe

b rm.,.}:l::\: X 1 L] L3 L *.

Table 22. Foraminiferal occurrences in drill hole V, Chezzetcook: percent, number of species,
specimens in 20 ml splits from each depth; X is less than 1%.
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| ow s zlg sl sz lelalelelsz]s | 21alaglalalcslele lalelelalal®lels o 1o T 10 Te 12 Te Ja
I LL HOLE NOMBE & o A N 21 = I T I ™ & S A A " A v e v b4 I ] 2 M “ 3 A 1 A & A A4 R R R EF R e BN S
I AHO DEPTH (cw) X D . A x & - Ll x ~ A = b ® P x = = = T T ki b 3 i < o a <1 = FREEAEEREE R EE R R EE R E D
1 x !N * x A ] x % 1.8 R L ) 9
! hUMBER OF SPECIES ‘ s ‘ s s 3 0 2|9 8 L] ? a1 | e faz fwe || oas 1] 12 fas s 1|3 ‘4 6 3 ? s . 6 s [ 0 7 e 9 10 | &
% :‘:p ‘;; :'l":‘ TDUALS 1016 | 1824 [ 2020} 680 [ 974 | 205 | 46 | 97 fs20 |e3s | 717 |eza [968 | ds2 |36 | 733 68 e« [@r4 |68 [1278 | 998 | 298 | ST 251 12 | 7 |a074| 638 |wva | 757 [ 2786 1762 [ 1310 | 1692 | 2426 | 3188 | 4155 ] 2204 | 1101 [ 945
i Ammobaculites dilacazus X 1 x ] 2 3 2 1 1 x ' x 2 1 o
1‘ A. foliaceus x 1 s x X 1 x
Ammonia besvarii x X 1 x 1 x x 1 x x 2
Ammatiwm salswn 3 41 39 78 8s 8o as 78 61 78 76 74 &7 76 73 a9 60 as 13} 1 ) x X X :
Arenoparella mexicana 1 ® x x x x X x x x x x 1 x ‘
; Cribroslphidiuv accavcum 9 4 x x X x x X - j;
, €. sroavatum olapatim x x 1 x 2 x 1
| C. arcavatwr swlevysnsis x x i
T piffTagia up. x| x :
i eggurstia advens . x x X N x
Glomoapirg gordialis x
Eaplophragmoides. bonplandi x 1 x x x ‘4 2 x x ! 1 x x 2
Jadomming polystor 1 1 x x 2 x x 1 x x x
Viliamming fusoa 7 1 tfw i faaflle 8 4 1 n e ) 7 & | 8 N 8 7 9 2 ‘4 2 | 14| @ ! 7 s L x 1 1 1 2 2
Polysuccamming ipohalina ) o x x x x x 1 1 x x x x x X x x
Protalphidim orbisulers 4 2 . 1 x x x x x x L] e 3 i 1T
Protosahisca findane x x
Racphax nana . «fs o] 4 ¢ 9 71w 10} s N s 4 s .
Moealina columbivnais 1
Tiphotrooha comprimata 10 ’ 51 55 » 1 . 2 4 x x 1 1 1 x % 1 3 L T | s 2 ¢ s | 4z | 22 32 as | o6 | @ 12 n 18 7 1w 10 s 12 9
Froshamrina inflata [t ‘. o x 3 1 3]s x 1 x x| x x 1 s 1 5 s 0 o | a2 4 ] x x 1 8 1|6 | 36| 27| w0 | w6 | @3
| 7. inflata micressens 72 | 33 | a0 [ s3f r e | | 22} 2 1 3 1 ] 8l 2 1 ‘ nofoe & 23] 20| 20 | 28| 2| 17 | o3 ] 6t | s3] av | 31| wr | w6 | s | 67 | 32 | 52| 61 | 4| s
r. oohracss x N e |2 1 2 1 N PO Y x s x | - 1

Table 23. Foraminiferal occurrences in drill holes X, XIII, Chezzetcook: percent, number of species,
specimens per 20 ml at each depth, X is less than 1%.
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