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ABSTRACT

The foraminiferal assemblages present along two Kingsport marsh
surface transects were delineated into zones with respect to wvertical
elevation above mean sea level (a.m.s.l.), and salinities. The high-
est vertical zonation, Zone I, is distirguished at its upper limit,
Higher High Water (HHW), by the disappearance of foraminifera in the
sediments, while the zone 1itself is defined by the dominance cof

Trochammina inflata. The horizontal range of this zone is approxi-

mately 20 meters, while the wvertical range is approximately 1 meter,
from 650-750 an above mean sea level, Zone II, the middle and lower
marsh zone, is distinguished at its lower margin by the sharp decline
of agglutinated species and the increase of calcareocus estuarine
species. This zone 1is defined by the daminance of both Miliammina
fusca and T. inflata, with significant numbers of Tiphotrocha
camprimata and increasing occurrences of calcarecus estuarine
specimens in the lower marsh.

Using Carbonj4 dating, marsh foraminiferal zonations in subsur-
face sediment, and tidal amplifications calculated for four sea level
curves, actual relative sea level rise in the Bay of Fundy was
determined. These figures range from 16 cm/100 years at Kingsport to

25.6 an/100 years at Granwville Ferry marsh.
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INTRODUCTION

Recent marsh foramiﬁifera are camonly discussed in temns of
their spatial distripution in marshes, their relationship to elevation
above sea level and the salinity and vegetative regimes in which the
foraminiferal assemblages occur (e.g., Scott amd Medicoli, 1980a). The
distribution of foraminifera and flora in a marsh can be associated
into vertical zones, which then can be correlated on a regional scale
(Scott and Medioli, 1978, 1980a). The vertical foraminiferal zona-
tions of a marsh are of importance to the relocation of paleo-sea
levels, ard their use as sea level indicators has a potential accur—
acy 20 times greater than any previous method, that is a + 5cm accur-
acy (Scott and Medioli, 1980a). The margin of error depends on a
series of factors resulting fram problems involved in drilling
measurements, compaction of peat in cores, or the absence of marsh sub
zone 1A, which is the only zone with an accuracy of + 5cm. The method,
when properly applied, can record the small variations in relative sea
level observed in the last 3,000 - 4,000 years.

Since the Bay of Fundy has the highest tides in the world, whose
tidal ranges have increased through time, the effect of tidal amplifi-
cat~ion must be calculated for sea level curves and subtracted fram the
apparent relative sea level rise to detemmine the actual amcunt of re-
lative sea level rise.

In this study a campination of accurate surficial assemblage in-
formation, foraminiferal assemblages in cores, Carbony, dates fram the
base of cores, and calculated tidal amplification is used to produce a
precise estimate of actual relative sea level changes in the Bay of

Fundy.



PREVIOUS WORK

Studies in the distribution of recent marsh foraminifera have
seen a steady increase since the work of F. B Phleger (1954, 1955,
1965a,b, 1966, 1967, 1970). His work covered descriptions of marsh
foraminiferal distributions fram various maritime areas of the United
States and Burocpe.

Scott (1976) illustrated the close relationship between floral
and foraminiferal assemblages with sediment surface elevation in
southern California marshes. Since then Scott (1977), Scott and
Medioli (1978 a,b, 1480 a,b), and Scott et al. (198l), have demon-
strated the relationship of marsh foraminifera to sea level in several
areas of Atlantic Canada.

Decnarine (197Y) reaffirmed the relationship proposed by Scott
(1970), relating marsh flora to foraminiferal distribution and the
actual vertical distribution of marsh foraminifera,

Scott et al. (198l) examined marshes on Prince Edward Island ard
found them relatively similar to Nova Scotian marshes, with respect to
salinities amt elevation, and they used foraminiferal zones to
determine relative sea level rise.

METHODS

Two cetailed surface transects were obtained fram the Kingsport
Marsh at low tide, collecting surficial sediment samples and other
data (vegetation cover, elevation, ard salinities at each station).
Replicate samples of 10cm3 (lOcm2 x lcm) were obtained at each station
along the transects, using a stainless steel hand held corer (Scott,
1977).

Coriny was conducted at this marsh and three other marshes in

the Bay of Fundy, (Ft. Beausejour, Mary's Point ard Grarville Ferry,

Figure 1). These cores were obtained using a Davis peat corer which
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was pushed down to the deepest layer of peat and a trigger was re-
leased on the corer, enabling retrieval of a small test core. The
lowest level of peat usually overlaid glacial till and was located
after exploratory testiny to find the thickest peat sequence. A
series of cores were obtained at each marsh to construct apparent rel-
ative sea level curves (Scott and Greenberg, submitted). Surficial
sediment samples were wet sieved through 0.5mm and 0.063 mm sieves,
the 0.5mm sieve retaining coarse organics ard the 0.63mm sieve retain-
ing the foraminifera. Organics remaining in the sample at this point
were removed by decantation with water, The samples were then fixed
in 10% formalin and Rose Bengal. After washing off excess formalin
and Rose Benyal, the samples were placed in denatured alcchol for pre—
servation. Many samples contained large amounts of sand, which was
removed by floating the ;Eoraminifera in CCLy. The core samples were
treated in a similar manner, except no formalin or Rose Bengal was
added. |

The salinity at sample stations was determined at the time of
sample collection, using an American Optical Salinity refractometer
(compensated for temperature variance). The elevation at each station
was obtained using a transit amd stadial rod. These measurements were
then tiea into nearby bench marks. The vegetation at each station was
recorded while sampling.

C14 dates were obtained fram material in the deepest layers of
peat at each core location; the dated levels overlaid noncampatible
substrates to avoid autocompaction of peat (Kaye and Barghorm, 1964).

Photographs of gold-palladium coated specimens were taken, usirg

the Cambridge (130) scanning electron microscope, with Polaroid N/P 55

film at the Bedford Institute of Oceanography, Dartmouth, N.S.



RESULTS:

Vegetation and Salinity; The plant specles present at Kingsport Marsh

are relatively similar in their spatial arramgement and floral content
to those of Scott and Medioli (1978a, 1980a, Figure 2a & b). There is

a dominance of Spartina alterniflora in the low marsh, S. alterniflora

and Spartina patens in the mid marsh, but Juncus gerardii and S.

patens cefine the high marsh floral zone, rather than Cyperaceae,
which dominate other Maritime high marsh zones (Scott and Medioli,
1980a). The Kingsport marsh is dominated overall by S. patens except
at the lower marsh, and J. gerardil is significant in the upper marsh
as opserved in Prince Edward Island marshes by Scott et al. (198l),

Salinities along Kingsport Transect I follow a relatively normal
pattern (Figure 2a & b), for temperate marsh areas, with increasimg
salinity as elevation decreases (Scott and Medioli 1978a, 1980a).
However, Kingsport Transect II has salinities that decrease with
decreasing elevation. This phenomena is attributed to the lack of
salinity values obtained; few samples could readily be obtained (3 out
of 11 stations) due to the dryness of the marsh surface. The salinity
throughout both transects is relatively high (Kirngsport I, 31-38 O/OO
Kingsport II, 25—480/00) as canpared to those observed by Scott and
Medioli (1978b) in Prince Edward Island (Pisyuid, O—lSO/OO, Tryon
0-23Y/00 wWolfe Inlet 0-179/00) ami those fluctuations recorded by
Scottband Medioli (1980b) at Chezzetcook Inlet, N.S.

The marsh was dry because evaporation at the time of collection
was higher than precipitation or runoff, and this caused the elevated

salinities. Also, the crganic content of these marsh sediments is
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lower than other Maritime marshes, because of higher tides and more
sediment input (Harrison and Bloam, 1977). This means that drainage
is better here and fresh water is not retained in the sediments at low

tide.

Foraminiferal Results: Each sample collected along the Kirgsport

transects was examined for both living and total numbers of benthonic
foraminifera (See Table I and II). Total populations were used to de-
rive assemblages rather than living populations as the total popula-
tion best illustrates the prevalent marine conditions, thereby not
over emphasizing any seasonal variations that may occur (Scott and
Medioli, 1930b). At Kingsport this is important due to the irregular—
ity of the living population along the transects. The 37 (x2) surface
samples recorded a total of 17 species of foraminifera, with 70% of
the species having living specimens. =

At Kingsport, usirng the marsh zones standards as established by
Scott and Medioli (1980a), Zone I is cefined by the abundance of

Trochammina inflata, the presence of Tiphotrocha comprimata ard

limited Trochammina macrescens forma polystoma. Zone II is also well

defined by the dominance of Miliammina fusca and T. inflata (Figure

3a, b).

Although Zone I cannct be aefinitely broken down into subzones,
Zone II can be differentiated here into two subzones, a and b. Sub-
zone IIa is delineated by the presence of large, almost egual numbers

of T. inflata and M. fusca, as well as the absence of living Trocham-
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mina macrescens forma polystama. Subzone IIb is defined on the basis

of an increased percentage of M. fusca, the increasing percentage of

Haynesina orbiculare, Ammobaculities foliaceus and the occurrence of

other calcareaus estuarine species. The lower portion of subzone IIb
is distinguished by the rapid decrease of arenacecus species and total

populations,

Drill Hole Results (Table III, IV, V VI): Kingsport Marsh; Three

holes were drilled at this location (see Figure 4), after exploratory
work to find the deepest marsh sediments. These holes ranged in depth
from 3.7 meters to Y.5 meters, and all displayed an uninterrupted
sequence of marsh deposits, Twenty ml samples were removed fram the
Cy4 dated pasal marsh sediments. All drill holes at this location
were similar in their foraminiferal assemblages, with T. inflata
daniné;ing (see Figure 5). Total populations decreased towards the

bottomm of the cores. Tiphotrocha comprimata and Trochammina

macrescens were also present but in smaller numbers. This assemblage
suggests the high marsh, or Zone I. One noticeable occurrence in
these cores was the decrease in total populations with increasing
depth; this results as btasal marsh ceposits form over supra-tidal
deposits with rising sea level.

Granville Ferry: Three holes were drilled at this site (Figure

6), all exhibiting a continuous seguence of marsh sediments down to
basal till. Once again total populations decrease with increasing
aepth, representing sea level rise over a terrestrial environment.
Total populations in these samples varied fram 10 to 590 specimers per
sample, with T. inflata dominating. The numbers of T. inflata ce-

crease with depth, indicating a progression of marsh sediments through
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the upper marsh (Figure 7). T. macrescens is not prevalent in any of
the holes, but T. comprimata is present 1in significant mnumbers.
Unlike the Kingsport Marsh the foraminiferal assemblages vary from

hole to hole, Relatively high percentages of Pseudothurammina

limnetis in the upper portions of the area sampled indicate Zone Ib,
putting the lowest portion of the core in Zone Ia, as defined by the
dominance of T. inflata.

Mary's Point: Four holes were drilled at this location (see

Figure 8), ranging in depth from 3.0 to 8.3 meters in depth, all dis-
playing unbroken sequences of marsh deposition. All four cores are
similar in their foraminiferal assemblages (see Figure 9Y). T.
macrescens 1is dominant in all holes, and their total population
increases towards the base, indicating a zone Ia (Scott and Medioli,
1980a) elevation range at the base.

Ft. Beausejour: This marsh was drilled 4 times with the depth

of the cores ranging fram 1.7 meters to 13 meters in depth (see Figure
10). At the base of the cores lower total numbers, together with the
doninance of T. macrescens, imiicate a Zone I fauna (see Figure ll).‘
The presence of T. camprimata in only the upper portions of the
seguence indicate the bottom of the core to be in Zone la. |

Clg dating was used to date material fram the base of the cores,
(Figures 5, 7, 9, 11l). The results of this dating ard the procduction
of sea level curves, (Scott and Greenberg, submitted) provided the

average sea level rises for the four sampling sites.



DISCUSSION

Surface Floral Relationships: Kingsport marsh exhibits three well

defined vertical plant zonations (Figures 2a & 2b). Scott and iedioli
(1980a) cemonstrate that the floral zonation of marshes is similar
throughout Nova Scotia, although some strikirﬁ individual differences
are observed. The plant species that define the zones at Kingsport
qare no exception. The upper zone of the Kingsport marsh is defined by

the dominance of elevation sensitive Juncus gerardii and Spartina

patens while Scott and Medioli (1980a) record the upper zcne of

Chezzetcook, N.S. to bpe defined by .Spartina cynosuroices or

=

Cyperaceae, 'Chebogue, N.S. by varicus combinations of J. gerardi,

Solidago sempervirens and Cyperaceae and Newport Larding (also in the

Bay of Fundy) by J. gerardi and S. sempervirens. The Prince =uward

Island marshes, as recorded by Scott et al., (1981), containst high
marsh camponents different than those found -at Kingsport. Due to the
interchangeable nature of the high marsh flora in Eastern Canada
paleo-sea level determination based on ancient marsh plant assemplages
appear rather dubious.

The Bay of Fundy experiences tidal ranges greater than 15
meters, hence the marsh flora of Kingsport no lomger exterd down to
mean sea level, as do marshes with normal tidal rénges (Scort &
Medioli, 1980a). This high tidal ramge may be cne reason for the ele-
vated salinities at Kingsport (Figures 2a & 2b), and the absence of

raceae ard S. cynosuroides in the upper marsh,
2. &Y L
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Foraminiferal kRelationships: The foraminiferal dssemblages along both

Kingsport transects were very similar, when differences in horizontal
length, elevation and salinity were taken into account,

The fauna which occurs just below the Higher High Water (H.H.W)
is very important, as it is this fauna that will delineate the H.H.W.
level in a core assemblage. At Kingsport the species that defines

H.H.W. 1s Trochammina inflata, in contrast to the foraminiferal

species Trochammina macrescens found by Scott and Medioli (1978a,

1980a) and Scott et al., (1981) to define the H.H.W. in other Atlantic
marshes (Zone 1A). The daninance of T. inflata just below the H.H.W.,
together with rare occurrences of . T. macrescens, is indicative of a
highly saline enviromment, as observed by Scott and Medioli (1980a) in
the Summerville marsh, Nova Scctia. = Kingsport narsh lacks any sizable
T. macrescens population, when campared to those studies done by Scott
an-d Medioli (1980a) in Nova Scotia and Scott et al. (1981) in Prince
Edward Island. Otherwise the faunal distribution of their studies are
camparable to those at Kingsport. Kingsport exhibits a pattern cof
population diversity with the numbers of species present decreasing at
both the upper and lower portions of the marsh (Figures 3a & 3b). It
also appears that Zone I cannct be subdivided into zones, as in cther
Nova Scotia and Prince Edward Island marshes (Scott and Medioli,
1980a, b, Scott et al., 1981, Deonarine, 1979Y9), which reduces the
absolute accm:aéy of these faunas as elevation indicators. The lower
Zzone II at Kingsport exhibits a sharp decrease in abundances of total

population, with living percentages remaining relatively constant,
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This represents a dilution of total foraminiferal pcpulations as a re-
sult of sediment accumulation at the base of the marsh (Scott ard
Medioli, 1980a).

Sea level Changes: All cores taken fram the four sampling sites on

the Bay of Fundy (Figure 1) contained continﬁws seguences of marsh
deposits, representing a continuous sea level rise over the periocd of
marsh deposition. According to Carbonyy dating this has occurred for
the past 3525-4400 years.

The examination of the foraminiferal assemblages classified the
basal core section as to vtheir paleo—marsh zonation. Although all
cores contained different assemblages, either T. macrescens or T,
inflata were daminant. This corresponds relatively well to the data
gathered by Scott et al., (1938l) at Orwell, Pisquid ana Tryon marshes
on Prince Edward Island, except these core holes exhibited only dami-
nant T. macrescens as basal assemblages. -The‘ base of the core at
Kingsport is defined by a daninance of T. inflata which indicates Zone
I while other marshes in the Maritimes have a Zone I, defined by a
daninance of T. macrescens (Scott et al, 1981, Scott and Medioli,
1980a). This reduces the accuracy of this level as a sea level indi-
cator in the Bay of Fundy to + 50 cm. These foraminiferal cata are
used to define the apparent sea level curves used by Scott and Green-
bery (sﬁhnitted).

The Bay of Fundy displays a phenomena known as tidal amplifica-
tion, which is an expansion of the tidal rarge, caused by chamges in
water depth over Georges Bank and changes in the Bay of Fundy basin
configuration (Scott & Greenbery, sutmitted). At the point where

ocean tides contact the edge of the continental shelf, the tides have

a range of one meter. This one meter range is amplified through the
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system with the largest amplification occurring in the upper Bay of
Fundy ard ranging fram 6x in the central Bay of Fundy, 10x in
Chignecto Bay and 12x in the Minas Basin at the head of the Bay of
Fundy. Thus in order to detemmine the actual effects of sea level
rise using H.H.W. (which are greatly affected by tidal amplification),
one must pe able to subtract the amount of tidal amplification. Scott
and Greenbery (submitted) have made these determinations (Table VII)
possible by supplying a separate curve for tidal amplifications. As
indicated by Table VI, apparent sea level rises (as detected by move-
ment of H.H.W. indicators) in the Bay of Fundy are not a direct result
of relative sea level rise alone, but also tidal amplification. The
subtracting of tidal amplification effects fram apparent relative sea
level rise reduces the actual relative sea level to 79% of apparent

sea level rise,

CONCLUSIONS

1, Although the Bay of Fundy 1s an area of extreme tidal ranges,
the salt marshes retain well defined zonations of both foraminifera
and plants.

2. The relocation of the H.H.W. mark in paleo-marsh cores is
possible, and provides accurate estimates of apparent sea level rises
in the four sampling areas.

3. In marshes of elevated salinity, the absence of Trochammina

macrescens 1s to be expected, while Trochammina inflata daminates Zone

I. Also, there is a redistribution of marsh flora. Cyperacea do not
occur in higher marsh zones on the Bay of Fundy and are replaced by

Juncus gerardil.
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4. Kingsport marsh illustrates a reduced accuracy of the
H.H.W. foraminifera zone in detemmining paleo-sea levels.
5. Apparent sea level rise in the Bay of Fundy is a combination

of tidal amplituce and relative sea level rise,
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SYSTEMATIC TAXONOMY

Seventeen species have been identified as being present in the
surficial sediments of Kingsport Marsh, and the cores from Kingsport,
Mary's Point, Fort Beausejour ard Granville Ferry. Refer to Plate 1
for electron micrographs of the species. Species are lisfed below in
alphabetical order by genus. Some species with limited occurrences

have not been listed.

Ammobaculities foliaceus (H. B. Brady)

Plate 1, Figure 8.

Haplophragmiun foliaceum H. B. BRADY, 1884, p. 304, pl. 33, Figs.

20~25.

Ammobaculites C. 1. C.f. foliaceus (H. B. BRADY) Parker, 1952, p. 444,

pl. 1, figs. 20, 21.

Ammobaculities foliaceus {Brady) SCQOTT and MEDIOLI, 1980a, p. 37, pl.

l, figS. 3—80

Cibicides lobatulus (Walker and Jacob)

Plate 1 Figure

Nautilus lobatulus WAIKER and JACOB in Janmache 1798, p. 642, pl. 14,

fig. 36.

Cibicides lobatula (Walker and Jacob). CUSHMAN, 1931, p. 118, pl. 21,

fig. 3a"C-

Cibicides lobatulus (Walker and Jacob). NORVANG, 1945, p. 49, pl. 6,

fig. 26a,b., SOOTT, MEDIOLI And SCHAFER, 1980, p. 231, pl. 4, fig. 8,

9.
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Elphidium excavatum (Terguem)

Plate 1, Figure 2

Polystamella excavata TERQUEM, 1876, p. 429

Polystomella straito—punctata (Fitchel and Moll) var. selseyensis

HERON-ALLEN and EARLAND, 1911, p. 443.

Cribronion excavatum (Terguem) formae, LUTZE, 1965, p. 96-101, pl 15,

fig. 39; SQOIT and MEDIOLI, 1980a, p. 42, fig. 5,6.

Elphidium excavatum (Terquem) formae, FEYLING-HANSSEN, 1972,

p. 337-354, pls. 1-6; MILLER and OTHERS, 1982, P, 127- pls. 1-6.

Elphidium incertum (Williamson)

Polystanella umbicatula (WALKER & JACOB) var. incerta WILLIAMSON,

1858, p. 44, pl. 3, Fig. 82a.

Elphidium incertum (Williamson) BUZAS, 1966, pg. 592-593, pl. 72,

fig. 1-6.

Haplophragmoides bonplandi Todd and Bronnimann,

Plate 1, Figure 1

Haplophragmoides bonplandi, TODD and BRONNIMANN, 1957, p. 23, pl. 2,

fig. 2; sCOTT ard MEDIOLI, 1980a, p. 38, pl. 2, fig. 4,5.

Haynesina orbpiculare (Brady)

Plate 1, Figure 5

Nonionina orbiculare BRADY, 1881, p. 415, pl. 21, fig. 5.

Nonion orbiculare (Brady). CUSHMAN, 1930, p. 12, pl. 5, figs. 1-3.

Elphidium orbiculare (Brady). HESSLAND, 1943, p. 262

Protelphidium orbiculare (Brady). TODD and LOW, 1961, p. 20. pl. 2,

fig. 11; SCOTT and MEDIOLI, 1980a, p. 42, pl. 5, fig. 7.
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Hemisphaerammina bradyi Loeblich and Tappan

Plate 1, Figure Y

Hemisphaerammina bradyi LOEBLICH and TAPPAN in Loeblich and

Collaporators, 1957, p. 224, pl. 72, fig. 2, SQOTT ard MEDIOLI, 1980a,
p. 37, pl. 1, fig. 4 and 5.

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

Hemisphaerammina sp. QOLE and FERGUSON, 1975, pl. 1 fig. 4.

Miliammina fusca (Brady)

Plate 1, Figure 3, 4.

Qunigueloculina fusca BRADY, 1870, p. 47, pl. 11, figs. 2,3.

Miliammina fusca (Brady). PHLEGER and WALTON, 1950, p. 280, pl. 1,

figs. 19a, b; SCOTT and MEDIOLI, 1980a, p. 38, pl.2, figs. 1-3.

Pseudothurammina limnetis (Scott and Medioli)

Plate 1, Figure 7

Armorella sphaerica (Heron-Allen and “arland) PHLEGER and WALTON,

1950, p. 277, pl. 1, fig. 1.

Astrammina rara (Rhumbler). ELLISON and NICHOLS, 1976, p. l41.

Astrammina sphaerica (HeromAllen ard Earland). ZANINNETTI and OTHERS,
1977, p. 176, pl. 1, fig. 9.

Thurammina (?) limnetis SQOTT and MEDIOLI, 1980a, p. 43, 44, pl. 1,

figs. 1-3.

Pseudothurammina limnetis (Scott and Medioli). SCQOTT and OTHERS, 1981,

p. 126,
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Tiphotrocha camprimata (Cushman and Bronnimann)

Plate 1, Figure 13

Trochammina camprimata CUSHMAN and BRONNIMANN, 1943, p. 41, pl. 8,

figS. 1_30

Tiphotrocha cauprimata (Cushman and Bronnimann). SAUNDERS, 1957, p.
11; SCOTT and MEDIOLI, 1980a, p. 42, pl. 5, figs. 1-3.

Trochammina inflata (Montagu)

Plate 1, Fiyures 14, 15

Natulus inflatus MONTAGU, 1808, p. 81, pl. 18, fig. 3,

Trochammina inflata (Montagu). PARKER and JONES, 1859, p. 347; SQOTT

and MEDIOLI, 1980a, p. 3, pl. 3, figs. 12-14.

Trochammina macrescens Brady

Plate 1, Figure 5

Trochammina inflata (Montagu) var macrescené BRADY, 1870, p. 290, pl.

11, fiygs. 5a-c.

Jadammina polystoma BARTENSTEIN and BRAND, 1938, p. 381, figs. la-c,

2a-1.

Trochammina macrescens Brady. PHLEGER and WALTON, 1950, p. 281, pl. 2,

Jadammina macrescens (Brady). MURRAY, 1971, p. 41, pl. 13, figs. 1-5.

Both Jadammina polystoma and Trochammina macrescens are listed in the

text of this paper as separate entities, however, it is understood
that there exists an intemyradation of morphologic forms between these

two (Scott and Medioli, 1980a).
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PLATE 1

Haplophragmoides bonplandi Todd and Bronnimann. l. side view, x

- 120.

3’40

10,11

12.

13.

14,15

Elphidiun excavatun (Terquem) forma excavata, 2. side view, x

130.

Miliammina fusca (Brady) 3. side view (four chamber side) x

132, 4. side view (3 chamber side) x 132.

Haynesina orbiculare (Brady) 5. side view x 180,

Trochammina macrescens Brady forma polystoma Bartenstein and

Brand dorsal view x 144.

Pseudothurarmmina limnetis (Scott amd Medioli) 7. specimen with

several apertures, (not visible) x 113,

Ammobaculites foliaceus (H. B. Brady). 8. side view of typical

specimen x 96,

Hemisphaerammina bradyi Loeblich and Tappan. 9 Dorsal view of

typical specimen, x 270.
Planktonics. 10 aperture view x 18, 11. Dorsal view x 195.

Cibicides lobatulus (Walker and Jacob) 12. Dorsal or non

attached side, x 76.

Tiphotrocha ccmprimata (Cushman and Bronnimann) 13. ventral view
of mature specimen with characteristic T Shaped final chamber.x
133.

Trochammina inflata (Montagu) meglaspheric form. 14. Ventral

view, x 102. 15 Dorsal view, x 109.
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A.S.

M.F.
P.T.
P.L.
T.C.
T.I.
T.M.

T.Mp.
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LEGEND FOR FIGURES

SPECIES NAME
Ammobaculites foliaceus
Ammot ium salsum
Cibicides lobatulus
Elphidium bartletti
Elphidium excavatum

Elphidiun incertum

Elphidium williamsoni

Haplophragmoides
borplandi

Hemisphaerammina bradyi

Haynesina orbiculare
Miliammina fusca
Planktonics
Pseudothurammina limnetis
Tiphotrocha camprimata
Trochammina inflata
Trochammina macrescens

Trochammina macrescens
forma polystoma

SYMEOL
A.D.
D.T.
J.G.
L.N.
P.O.

S.C.

SIN‘

SoSo‘

S.P.
S.D.

T.T.

VEGETATION

SPECIES NAME
Atriplex
Distichlis
Juncus gerardii
Limonium
Plantago

Spartina
cyncsuroides

Salicornia

Solidago
sempervirens

Spartina
alterniflora

Spartina patens
Suaeda

Terrestrials
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TABLE I

FORAMINIFERAL SPECIES DIS'I'RIHJTIO{\B IN RI’I.ATIVF PERCENT, KI[\(BPORT MARSH, TRI’NSH:I‘ I

UA

STALTON NUNBER 1A 18 20 ZU 3é‘s 3[3. 4A 4[5 5A )U hA ( 5 7A 78 i
WO O 5PECTES U U Z I 4 37 VA ] 3 4 7 ) 3] 7 ) ) |
Toral poP? 10cM3 0 32 4 67 69 | 189 | 322 54 52 | 368 |1477 | 452 | 470 | 275 | 914 |
Total Living 0 0 0 0 0 17 12 22 20 18 60 504 34 69 33 286
Npobaculi- L/T %
ties L/Tp
foliaceus
Cibicides L/T 100
iotitulus L/Tp 13
Elphidium I/
partlettl L/p
E. excavatum L/T

T/
E. incertumn L/T

L/Tp
£, LT
williamsoni L/Tp
Haplophrag-  L/Tp 100 100
otdon 0 2 .42
borplandi
Haynesina L/T
oroviculare L/Tp
tivimisphaeram L/T
mina brodyi L/1p
Jatannina L/t 100 100 100 | 100
p() Lystoma L/TD 1 1 21 .20
Vlllld waina /T 100 56 87 69 86 83 1 100 70
fusca L/Ip 24 26 46 69 55 71 59 8l
P lanktonics L/r 100

L/tp 38
preutothiarane L/ 1) 100 | 200 | 57 § 100 | 100 | 100
mina Jun.xt tis L/ 4 2 1 3 4 1} .43
Llpuu' rodiia L/t 100 100 89 77 85 543 76 90 73 6y
canpriaata JVES 8 3 17 25 14 12 20 12 19 4
Troct.cunaina L/t 100 100 82 93 92 57 56 75 56 73 9l 68 84
inrlata 1/Tp 100 6y 604 93 9u 78 62 30 16 12 10 20 8
Trochamaina /7T 86 | 100 } 100 67 86 88 76 83 89 92 86
|macrescens L/'Tp i0 7 7 6 14 4 2 3 2 41 .76
L = TOTAL LIVING (ONE SPECIES) T = TOTAL POPULATICN (ONE SPECIES) Tp = TOTAL POPUIATICN (ENTIRE SAMPLE)

_OV—



TABLE I QONTINUED

FORAMINIFERAL SPECIES DISTRIBUTIONS IN RELATIVE PERCENT, KINGSPORT MARSH, TRANSECT:I

Srartoe s Juas 1 e Troa T ron | oA | o [ iza | s U osa s Uraa | A e s | tea | e |
ROVUN SPICIES — 7 7 575 5717 75 GC ST :' TS [ 5 L5 5 9 5
TULAL ropT 10CMS 148 | 192 | 64 | 4l | 395 | 214 | 464 | 200 | 321 | 156 | 215 | 426 |l027 | 810 | 112 | 313
toral Living | 21 | 23 6| 11| 90| 27100 45| 11| 24| 66| 99| 114 | 168 | 12| 48
P.»c'iuugliaculities L/ B
roliaceus L/Tp
Cibiciazs /T
lobatulus L/ Tp
Eiphiaium T
partlaotci [[f//'rp
| —_—
. excavatun /T

VA
Elphicium T
1ncertum L/Tp
T\?EG ium L/T
williamsoni LTy
tHap Laphrag- /T 100 0 1oe 100
moldes L/1Tp 3 7 0.9 2
LOnp Land 1
[Ty s Lna v )
m‘?;icu lare I/tp
Hewisohacram—  L/T T T
mina bradyi L/1p
Jadamaina /T 100 100 100 100 100 109 100 5% 75 100 100
polyscoma L/ 2 5 2 C.4 1] 00 1 8 2 2 .5
Mmiliammina L2 8y 89 91 72 78 100 a4 69 100 98 78 84 88 78 100 84
rusca L/rol 77 82 72 71 53 34 33 58 63 65 33 50 84 80 25 33
T)I(;nktonics [J’LT— B o
' L/
pscuaothuran L1 | 70 100 100 82 160 96 8Y
mina limnetis L/Tpl 7 1 0.4 i 0.9 4 3
Tiptotrocha I/T | 64 75 8y 100 67 84 74 g8 74 82 76 43 100 73 100 73
canprimaca T/1pf 9 B 16 5 17 7 22 -17 6 7 10 6 2 1 10 4
Trochamnina L/T {100 | 100 100 | 100 80 80 75 9l 94 96 63 78 95 83 3L 87
intlata 1/1tpl 3 4 5 10 25 56 39 22 2 16 45 53 14 14 55 53
Trochamaina /1 1100 683 100 cd 80 100 80 66 100 8l 83 100 75 1 106 75
macrescens L/1pl.67 3 7 3 4 | 0.4 31 0.9 4 5 21 0.21 0.5 4 3

L = TUTAL LIVING (ONeg

SPECIES) T

= TOTAL POPULATION (ORE SPECIES)

- Tp = TOTAL POPULATION (ENTIRE SAMPLE)
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TABLE 1 QONTINED
FORAMINIFERAL SPECIES DISTRIBUFIONS IN RELATIVE PERCERT, KINGSPORT MARSH, TRANSECT I

STATLON RUMIBER va | 0 | Al des ) woa [ | 208 | 208 | 2 |
[N IR & Tt L D od y Dicubuninil maiiy A ntenil sl Mty A et wl nnl OO A SN ET/ S R N CH R4
TTUTAL popD TocM3 T 1439 | 394 | 222 | 197 |1006 | 260 | 293 | 1173 | 915
Total Living | 29 2| 3 a3 | 12| 2| 77 197 | 94
Aumobtaculitiesr/r | 100
Sfoliaceus I/Tp] 0.5
’?i!)ici(iés L/—r
lomatuius LT
Elphidium L/r
Ibartlectl’ L/Tn
E. Excavatum L,/A'F~

/1)
E. incertum /T

L/1Tp

—— . -

k. williamsonl L/T

L/'Tp
lap lophrag- — L/T | 100 100 | 100
aeolaes L/Tp| 0.4 0.9 0.8
ponplani
Haynes inA L/r
orbicuiare L/1p
Uumis,h—eZorgﬂ!h v/r
mina braiyi L/Tp
Jadamzaina L/T | 100 | 100 | 100 { 100 | 100 | 100 100 | 100
polystoma I/Tp 1 210.9190.,51 0.2 4 .51 0.6
IMiliawnina /T | 100 | 100 | 76 | 100 | 93 a0 |79 66 | 91
Frusea Tpl 49 61 52 26 ' 64 58 68 75 75
Planktcnics L/T

L/Ip
Pscudothuran 1/ T 100 100 100 | 100
mina limnecis L/1p « 3 1 2 1
Tiphotrocha L/T o0 95 100 45 80 75 58 | 100
canprimata T/Tp 9 11 1 3 4 1 2 1
Trochannina LT Y3 | 100 | &8 b3 96 8Y 64 75 84
intlata T/1tu) 36 20 3y [ 20 34 31 21 21
Trochasmina L/T 92 100 | 100 } 100 100 | 100 | 100 100 | 100
macrescens L/Tp 3 7 5 5 1 11 0.3 0.5 0.1

I

4

TOTAL LIVING (ONE SPECIES) T.=)TOTAL POPULIATION (ONE SPECIES)

L
Tp = TOTAL POPULALTON (ENTIRE SAMPLE

—Zv_



TABLE I (ONTINUED

FORAMINIFERAL SPECIES DISTRIBUTIONS IN RELATIVE PERCENT, KINGSPORT MARSH, TRANSECT I

SrACIeR Noeser e |z Vs |2 T zan | aan |2 | 28 ) 26a | 26n | Mian 8 )
NOT UF BPITCTES TTITTTTSTTTTTYT T TS T Ty '“_*?’l“ a4 q L}
ol Pt pocm3 494 | w9 | 200 | | 1o | 27 | 24 ) aa| 20 ]
Total Living 77 | 135 4 2 1 0 FRE 0
| B L |
n-x\'vuult)(.s L/ 104 0 4.08
Folinceous L/ipl 0.3 20 .43
Aol um L/t B 100 100 4.()8«{
salsum L/ip 0.4 20 .82
ICibicides L/T 2.04
lotatulus L/ Tp .26
Elphidium /T
hartletti L/Tp
E. excavatum L/ 0 0
T/ i6 0.32
£. incertum L/T
L/Tp
k. vullmm 50Ni /T
L/ 1p
ﬁ;ﬁijlnl—;r Lu ) l/-.—l:— i T T ) l().:
aoddes bonplandi L/ U.35
H lYllb ]lhl ]t/FN 1 ) I N Ty T T
orbiculare L/'Ip ]
11-’?{&?5[)1 aerannina [0 i )
DIekiyl L/1p
Jadamaina L/T | 100 | 100 | 100 I T 1 100 56.2
polys tona L/Tp 21 0.7 6 42 15 2.2
(Miliaunina /T | 83 0 85 | wa 100 | 100 U100 | 166 | 100 73.8
fusca I/1p| 67 88 6l 6 56 75 39 a4 47.2
Planktonics L/c 2.04
1/1p 1.78
Pscacothuramaina /T | 100 | 100 | 96 ) 100 40.60
linnetis L/Ip 8 0.4 23 20 1.95
Tiphotrocha L/r | 10 100 ] 100 | 100 | 1ud 65.9
canprimata T/ Tp 49 19 4 <} 11 7.50
Trochaamina L/T 91 33 | 100 -1 100 9l | 100 | 10Q | 100 8i.6
intlata T/Tp] 22 11 10 36 41 13 32 25 33.0
Trochammina L/T | 100 100 68.1
macrescens L/Tp} 0.2 2 2.5

L = TOTAL LIVING (ONE SPECIES) T = TOTAL FCPULATION (ONE SPECIES)
_Tp = TOTAL PCPULATION (ENTIRE SAMPLE)
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TABLE TIIX

FORAMINIFERAL SPECIES DISTRIBUTIONS IN RELATIVE PERCENT, KINGSPORT MARSH, TRANSECT II

At ohA ! IH L 9N | (R MIEAN Y
R VU B (O R TH R T AR -
630 | 1109 : 362 v62 |240 95
5?«]:72;1"1,/{“:\; 180 F?l 5 75 123 | 34 52
TEIR, "2 T 0 0
Laoccari L/ 1 1 0.05
b S
Aot iam 1/r 100
colaun 1/ 0.02
Nz - o T 3.5
L/ J.04
L rum T R T ) 50 2.3
excaatuin L/'1y 2 0.1
VL-,‘_."inL:ulur:n L/} . ) T 4.5
L/ J.1
S —— i
. owilliamsoni 1.3
‘ 0.7
Mo topne -1, 5y YT T 1.1
w7 11 0.6
DXOIL baidil
7@/:.&;1“5 5U 4.2
ouriculare 4 2.2
4.5 |
0.2
] e e e e ]
76 1100 l\)O 100 100 $6.6
£ 5t 4 ju.2 0.3 U.d 0.4 6.7
r—ulu mnloa 64 1 90 | 11 gl 55 1 20 | do 32 66.7
Trusla 34 03 79 43 33 41 4l 63 34.2
! _ 1
| seuaochuram— 10O 1100 J1ov 109 .l
lming Lirswcis 2 1 2 0.3 1.0
Tronotroa 52 | 70 | 74 88 o6 | 77 50 62.5
‘—(ix.'.i):‘mu{.n 11 23 10 4 3 il 5 8.6
VErGd . aneRina y2 55 | ub | 79 T wd B 3 13.3
Li_r.g;. ta 28 4 L1 9 50 Se | oa% 23 33.0
OGaning 86 100 | 76 [160 67 dg 1160 T 2.9
‘r GCLUSCENS 2 2 0.3 2 0.9 3 2.4
! - I

-vv-




Table III. Foraminiferal Species Distribution in Relative
Percent, Kingsport Marsh Cores.

_gy_

: [ QORE T ORE IT QORE III

peptn IN e L 8oo - T soo - ] 90 | woo 950 950 | 600 | 660 370 400 420
NO. OF SPECIES 3 5 6 2 3 1 ) 1 3 6 -
??.)OF INDIVIDUALS 17 560 404 242 28 27 299 1 8386 355 -
b

tlaplophrayeoides 2 7 6 34

bomlanii .

Milisnina fusca 0.7 Y 2
Tﬁ:};’-;l;;;(-;gtﬁtnmnmina 1 1 0
Lunetis ‘

Tiptolrocha 6 10 14 5 21 7 15 20
canprinata

Trodhiannina 76 87 63 95 74 100 85 100 83 40
intlaca . .
Trochamnina 18 0.3 6 . 4 1 2 4
Macrescens R .




Table IV. Foraminiferal Species Distribution in

Relative Percent, Granville Ferry Cores.

1[— Tk 1] oRE It (ORE III
'OEPTH IN M 840 365 | 530 550 600 310 330
NO. OF SPECIES 4 3 6 6 2 6 5
MO, OF INDLVIDUALS 302 78 419 590 3 630 96
(20ml)
Haplophraywoeides 4 4 9 29
bonpLandi
Miliwmina fusca 3 4 9 1 5
Dscudothuramnina | 1 14 3 0 0
ilnetls
Tiphotrodia 12 22 14 67 21 13
canpr ninata .
Trodhanmina 84 82 14 52 33 58 44
intlata . - i
Troamaina 48 29 9 9
macrescens

_9b_



Table V. Foraminiferal Species Distributions in Relative

Percent, Mary's Point Cores.

CoRR © ORE II WRE 1L QORE V
DEFTH IN o1 | 823.5 | 289.5 | 305 457.5 .| 472.75] e 625 585
NO. ‘OF SPECIES 5 0 2 6 5 3 4 3
INO. OF INDIVIDUALS | 297 0 49 366 249 162 348 22
loan) (Ip)
Haplophragmoides 14 2 4 11
bonp lairil
[ Jodanunina Lx,)lyrsux;—:; - 24
Miliaunina fusca 1 ) 1o 3
Pscudothuramnina g o 2 9 1
Linnetis '
Tiphotrocha 01 1 66 | 21 3 wr | =
cauprimata
Trochammina 110° : e 1 1 1 82 26
intlata
Trodhantnina 63 33 279 211 158 56 138
macrescens |
L —— - -
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Table VI.

.Foraminiferal Species Distribution in Relative
Percent, Fort Beausejour Cores.

TTore v 10T T T T T  Tooke ¢ 1 [ oome Joowes | oore [ orRE” | CORE ]
$ LLI |4 IV # V1 # VII |# VIII

DEPLH IN (M 762.4 | 884.5 | 854 | 915 [1098 |[1165.5 | 716.5 | 762.5 | 701.5 {701.5] 183 | 396.5 | 579.5
NO. OF SPECLES 4 2 | 2 | 1|l 12 s 2 2 0 1 3 2
NO._ QF [NDIVIDUALS ] _ ] ,
Loan?) (1p) 254 3 20 17 67 25 534 3 9 0 868 | 274 59
FA])}‘(;I—)I;I;J‘IFI)lde
bongs Lanctl
Havnes ina . ;
orbiculare 100 52
|
Judaimnina polystomna
Miliamnina fusca 10 4
Pieucothurannina
llinnetis 1
Tiptotrodia
couprinata 42 13 11
Trochamning
intlata 37 33 90 100 27 66 39 1 2
Trochamnina 1
macrescens 20 67 48 60 34 100 95 98 ]

—8?—



Table VII.

Calculations of Actual Sea Level Rises,

for Sampling Localities in the Bay of

Fundy.

lCore Sites

Apparent Sea
Level Rise

Apparent Sea Level
Rise/100 Years

Tidal Amplification

Avg Sea Level Rise =
Tidal Amplification =

Actual Sea
Level Rise/

Actual Sea Level Rise 100 years

Kingsport Marsh 9.35m/ 21.25cm  / 100 years|2.32m/ 4400 years 7.03m / 4400 years l6em/100 years

4400 years
Granville 9.9m/ 28.10cm / 100 years|0.89m/ 3525 years 9.01lm / 3525 years 25.6cm/100 years
Ferry Marsh 3525 years ‘
Mary's Point 9.7m/ 27.32cm / 100 years|l.43m/ 3550 years 8.2Tm / 3550 years‘ 23:36m/ldd Qéé};
Marsh 3500 years
Ft. Beausejour 11.4m/ 29.61lcm / 100 years{l.7m / 3850 years 9.70m / 3850 years 25.2cm/100 years

Marsh :

3850 years

-69-



The following is a breakdown of the approximate time spent in
the preparation of this thesis.

ITEM TIME SPENT (ERS.)
Foraminiferal Identification
and Counting 135
Sample Irervaration 10
Tables and Diagrams : 45
Photograprhic Plate Freparation : 7
Research arnd Writing » 45
Total Time 2;5
Frank Thonzs did the E.M. photogranhjlat 2.1.C.

Map figures within this thesis were obtained from David Scott.
All other figures were designed by the author and drafied
prof e381“n:l_J.

A1l tebles contained iﬁ this thesis were prepared by the autncr
but were drafted professionally on a word processor.

Fhotograrph

1lc plates were compiled by the author but reproduced
professiona™

IV,

v

David Smith
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