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QUANTITATIVE STUDIES OF MARSH FORAMINIFERAL 

DISTRIBUTIONS IN NOVA SCOTIA: IMPLICATIONS 


FOR SEA LEVEL STUDIES 


D. B. SCOTT A~D F. S. MEDIOLI 

ABSTRACT 

The study of surface samples was used to determine 
the marsh foraminiferal distributions in five marsh 
areas in Nova Scotia: Chezzetcook Inlet. Chebogue 
Harbour, Wallace Basin, Summerville marsh, and 
Newport Landing. 

Detailed surface sampling in Chezzetcook revealed 
that marsh foraminifera are distributed in well-defined 
vertical zonations with respect to mean sea level and 
closely parallel marsh floral zonations. These zones 
vary slightly between marshes but appear to remain 
broadly similar throughout the world. 

The foraminiferal zonation in Chezzetcook Inlet is 
used to exemplify the general situation in Nova Scotia. 
In this estuary the vertical range of the marsh can be 
divided into two zones, each divisible into two sub­
zones. Zone II. which covers most of the middle and 
lower marsh, extends from approximately mean sea 
level (0) to about +75 cm and is characterized by the 
presence of Cribrononion umbilicatu/um, Ammotium 
sa/sum, Miliammina .lllsea and Trochammina inflata. 

At +75 cm these forms are replaced by Tiphotroca 
comprimata and Trochammina macrescens which 
characterize zone I up to + 101 cm. where all forami­
nifera disappear abruptly. The foraminiferal disap­
pearance marks the higher high water level. This dis­
tribution can be used to relocate former sea levels in 
subsurface material to an accuracy of within ±5 cm. 

Less detailed sampling of marsh areas in the other 
four study localities indicated that the same relation­
ships observed in Chezzetcook occur there as well. 
Examination of detailed data from southern California 
and less detailed data from other parts of the world 
suggests that marsh foraminiferal assemblages can be 
used universally as accurate indicators of former sea 
levels. 

We describe a new species. Thurammina? limnetis 
n.sp. and. using an intergradational series, we place 
ladammina po/ystoma in synonymy with its senior, 
subjective synonym Trocirammina mucrescens. 

INTRODUCTION 

Several previous papers (Phleger, 1965a, 1966, 1967, J 	 1970; Phleger and Bradshaw, 1966; Ellison and Nich­
ols. 1976), have suggested that vertical foraminiferal 
zones exist in salt marshes which correlate with com­
parable floral assemblages. Until recently no detailed 
study accurately identifying the extent and limits of 
these zones has been attempted. Scott (1976a) exam­
ined in detail two marshes in southern California, de­
fined the exact limits of the marsh foraminiferal zones 
present. and correlated them with floral assemblages 
and elevation above mean sea level (hereafter indicat­
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ed as: a.m.s.I.). This study was of limited value be­
cause it was restricted to a particular set of climatic 
conditions (i.e., arid-warm) and the results could not 
necessarily be extrapolated to other climatic regions. 
To determine the potential and applicability of this 
study a similar investigation had to be initiated under 
a different climatic regime. The present study exam­
ines, with the same techniques and detail used in Cal­
ifornia, several marshes from the temperate-humid cli­
mate of Nova Scotia. The results from the two areas 
can now be compared directly and a more compre­
hensive picture of the vertical distribution of marsh 
foraminifera can be compiled. 
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FIGURE I 


Regional map showing the five areas of investigation. 


The marshes for study in Nova Scotia were chosen 
with four criteria in mind: 

I) they had to be large enough to establish if ob­
served relationships remained valid over a broad, con­
tinuous surface; 

2) they had to be widely spaced to assess the mag­
nitude of potential regional differences; 

3) they had to be characterized by a strong salinity 
gradient from head to mouth to determine what effect 
salinity changes might have on vertical distribution of 
marsh foraminifera; and 

4) they had to have a wide diversity of tidal range 
to determine what effect tidal range had on the overall 
marsh vertical range. 

Based on these criteria three major and two subsid­
iary marsh areas were chosen: Chezzetcook Inlet, 
Chebogue Harbour. Wallace Basin, Summerville 
marsh, and Newport Landing (Fig. I). The small sub­
sidiary marsh areas, Summerville and Newport Land­
ing, were included to provide information on faunal 
characteristics in an incipient marsh (Summerville), 
and on an area with an extreme tidal range (Newport 
Landing in the Bay of Fundy). Chezzetcook was stud­
ied in the greatest detail and the information from this 
area forms a basic framework into which less detailed 
data from the other sources can be placed. 

Little attention has previously been given to accu­
rate foraminiferal zones within marshes and even less 
to their possible application in determining Holocene 
sea level changes. Comparison of the Nova Scotian data 

with those from California and, to some extent with 
those of other parts of the world, allows us to deter­
mine the reliability of the vertical relationships ob­
served for marsh foraminifera. Once the reliability is 
established on a worldwide basis, then the information 
can be used universally to relocate former sea levels 
accurately, as suggested by Scott and Medioli (1978). 
Such a conclusion would be particularly important be­
cause previous methods for relocating former sea 
level, based on undifferentiated marsh deposits, had 
an accuracy of 100 cm at best, while the use of marsh 
foraminiferal zonations may refine the resolution of 
these deposits to an accuracy of :+::5 cm. 

Although the term "marsh" is a common one, it is 
often misused. In the present study the term refers to 
an area limited vertically by mean sea level and higher 
high water level and covered by various types of vege­
tation as discussed by Chapman (1960). "Marsh," as 
defined above, does not include tidal mudflats, shallow 
subtidal estuarine areas, or freshwater swamps. 

PREVIOUS WORK 

No previous work has been done on modern salt 
marsh foraminifera in Nova Scotia. F. B Phleger has 
contributed most of the knowledge concerning distri­
butions of modern marsh foraminifera in other areas 
of the world with studies in Barnstable, Massachusetts 
(Phleger and Walton, 1950), the Mississippi delta 
(Phleger, 1954. 1955), southwest Florida (Phleger, 
1965a), southern Texas (Phleger. 1965b, 1966), the Pa­
cific coast of North America (Ph leger, 1967), Baja Cal­
ifornia (Phleger and Ewing, 1962), Europe and New 
Zealand (Phleger, 1970). Lutze (1968) investigated 
some marsh areas in Germany near Kiel in the course 
of studying a large brackish lagoon. More recently a 
thorough study of marsh foraminifera was done in the 
James River estuary (Virginia) by Ellison and Nichols 
(1976) and Scott (1976a) examined marsh foraminifera 
in Tijuana and Mission Bay marshes, southern Cali­
fornia. Scott (\ 976b) did a reconnaissance study of 
some brackish marshes in southern California. Zani­
netti and others ( 1977) reported on marsh foraminifera 
from Brazil. A recent paper (Scott and others, in 
press) has just been completed on modern marsh fo­
raminifera in Greece. 

There are many general investigations of marshes 
which do not relate directly to foraminifera but are 
important in contributing to the overall understanding 
of marsh ecology and processes. A few relevant ex­
amples are listed here. Chapman (1960, 1976) provided 
a comprehensive review of all marshes; Redfield 
(1972) performed an integrated biological and geolog­
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ical study of Barnstable marsh, Massachusetts: 
MacDonald (1969) did one of the few studies where 
plants and animals (mollusks in this case) were com­
pared quantitatively along a marsh gradient; Waisel 
(1972) examined salt tolerances of some marsh plant 
species which yielded insights as to the mechanism of 
floral zonations; Bradshaw (1968) illustrated the vari­
ability of some marsh parameters in Mission Bay. Cal­
ifornia, and Stevenson and Emery (1958) reported 
physical marsh parameters along a vertical gradient in 
Newport Beach. California. 

METHODS 

COLl_ECTlO~ OF SURFACE MATERIAL 

At all marsh stations samples were collected along 
transect lines by walking out onto the marsh surface 
at low tide and obtaining the material n:quired for 
study. Replicate samples of 10 cm:! (1 0 cm~ x I cm) 
were obtained at all localities (the same standard size 
used by Phleger). Since the marsh material was root­
bound and difficult to penetrate, a small, hand-held. 
stainless steel corer with a sharp. serrated edge at one 
end was developed (i.d. 3.6 cm, o.d. 3.8 cm, 
length 8-10 cm) by the authors. This tube cuts 
through the marsh material without compressing it and 
produces a small core that can be extruded with one 
finger and from which the top I cm can easily be 
sliced. Foraminiferal samples were placed in a cold 
room subsequent to collection to prevent fouling. 

COLLECTION OF PHYSIO-CHEMICAL DATA 

Salinities were recorded at most stations concur­
rently with the collection of surficial sediments. An 
American Optical salinity refractometer (compensated 
for temperature variance) was used to determine sa­
linities. This instrument requires only a few drops of 
water and is especially useful for measuring interstitial 
water in the drier parts of the marsh. 

Accurate elevations along transects were obtained 
using a transit and stadial rod and measurements were 
tied into nearby benchmarks. 

Temperatures were not measured directly because 
the variance in the marsh environment mirrors the ex­
tremely high variations in the atmosphere which ren­
ders spot measurements meaningless. 

PREPARATION OF SAMPLES 

Organic carbon content (dry weight) was deter­
mined for 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. 

All foraminiferal samples were prepared by the fol­
lowing procedure within a week of collection: 1) wet 
sieved through 0.5 mm and 0.063 mm sieves (0.5 mm 
retaining the coarse organics and allowing the fora­
minifera to pass through to the 0.063 mm screen); 2) 
fine organic material was separated from the forami­
nifera by decantation; 3) fixed in a solution of buffered 
formalin and Rose Bengal and allowed to stand over­
night; and 4) washed free of formalin solution and pre­
served in denatured ethanol. 

Samples containing excessive amounts of sand were 
dried and the foraminifera separated from the sand by 
flotation in carbon tetrachloride (sp.g. 1.58). The sep­
arated foraminifera were then resuspended in alcohol. 
All samples were examined in a liquid medium which 
makes the test transparent thus facilitating detection 
of Rose Bengal stain. 

Photographs of species were taken using the Cam­
bridge Scanning Electron Microscope located at the 
Bedford Institute of Oceanography, Dartmouth. N.S. 
Polaroid NIP 55 film was used. 

NOVA SCOTIAN MARSHES 

CHEZZETCOOK INLET 

In trodllction 

Chezzetcook Inlet (Fig. I. Fig. 2. see foldout I) is lo­
cated 45 km ENE of Halifax. along the Eastern shore of 
Nova Scotia. Together with Chebogue Harbour (at the 
extreme southern tip of the province). this is the only 
area on the Atlantic Coast of Nova Scotia with exten­
sive marsh formations. 

Vegetatio/l 

A distinctive characteristic of most salt marshes in 
the world is the vertical zonation of plants (Chapman. 
1960). In incipient marshes this vertical zonation may 
not be as well established as in a mature marsh. An 
overall view of the salt marsh distribution in Chezzet­
cook (Fig. 2) illustrates that most of the mature marsh 
areas (characterized by wide areas of Sparti/l!l patens) 
are confined to the upper estuary. One large mature 
marsh area is near the mouth behind the large barrier 
at Cape Entry. The large low marsh areas (immature 
marsh in Fig. 2) in the central part of the estuary are 
newly formed and occupy only a small vertical range 
(10-15 cm a.m.s.l.). Zostera (eel grass) beds form on 
mudflats below mean sea level. It is possible that the 
eel grass beds may playa significant role in salt marsh 
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Plant and salinity occurrences on transect I, Chezzetcook Inlet. Dots in upper part of diagram are sampling localities while vertical ban, helow 
represent percentage occurrences of each plant type at each locality, 

formation by trapping sediment, thus allowing some at the present time are those where eel grass is abun­
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zetcook that appear to be forming marsh most rapidly marshes (trans. I, III, Figs. 3. 4). two in the central 
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Map of Chezzetcook Inlet delineating the mature (unshaded) marsh areas from the immature (shaded) or newly formed marsh areas, 
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Plant and salinity occurrences on transect Ill. Chezzetcook Inlet. Format is the same as Fig. 3 . 
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area (trans. I\. V. Figs. 5, 6). and one at the mouth of 
the estuary (trans. IV. Fig. 7) illustrate the vertical 
floral zones present in Chezzetcook. 

Higher high water is marked by the first occurrences 
of Spar/ina cynosllroides. The high-marsh floral zone 
occurs at 80-110 cm (a.m.s.l.) in the central transects 
and at 70-100 cm a.m.s.l. in the upper and lower es­
tuarine transects. The middle-marsh floral zone has 
the vertical range of 70 ± 5 cm to 85 5 cm a.m.s.1. 
in the central estuary and a corresponding lower range 
in the upper and lower estuarine transects (50 5 cm 
to 70 ± 5 cm a.m.s.L). The low-marsh floral zone can 
be divided into two subzones: the higher low-marsh 
subzone A (55 5 to 70 ± 5 cm a.m.s.l.) and the 

lower low-marsh subzone B (-30 to 55 5 cm a.m.s.I.). 
These subdivisions can only be distinguished in the 
central and lower estuarine transects because the sides 
of the channels, due to the undercutting of the marsh 
peat by the tidal streams, are too steep in the upper 
estuary to allow the full development of low marsh. 

Physical Parameters 

Physical parameters that have been examined in 
Chezzetcook are tidal range, salinity, total organic 
carbon content of the sediments, and seasonal varia­
tions of temperature and precipitation. Of these, salin­
ity was monitored the most closely. 
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Plant and salinity occurrences on transect II, Chezzetcook Inlet. Format is the same as Fig. 3. 

::~
10 r20 

Salinity 
10 

Tidal range is slightly lower at the head of the es­
tuary than at the mouth. At the head (tidal gauge data 
from the railroad trestle in East Head) the maximum 
tidal range was 186 cm with higher high water at + 192 
cm and lower low water +6 cm with Zo (mean sea 
level) at + 107 cm. 

At the mouth of the estuary (taken to be the same 
as Halifax Harbour) the maximum range is 214 cm 
with higher high water at +226 cm and lower low 
water at + 12 cm, with Zo at + 125 cm. 

Due to the extreme difficulty of obtaining accurate 
sediment salinities at high tide, measurements were 
performed at low tide and they may represent mini­
mum values, especially during periods of high fresh­
water runoff. At high tide the marsh is flooded with 
more saline water, which results in temporarily in­
creased salinities. 

The salinity data show seasonal differences (Fig. 8, 
Table J), along the vertical gradient in the marsh (Figs. 
3-7, Table I), and differences between marshes in the 
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Plant and salinity occurrences on transect V. Chezzetcook Inlet. Format is the same as Fig, 3, 
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upper and lower estuary (Figs. 3-7. Table I). The sea­
sonal changes are best documented at stations 4, 7, 
and 20 (Fig. 8). Station 4 is located in the upper, sta­
tion 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 and salinity increases to its maximum val­
ues during the summer. These trends are substantiated 
on a marshwide basis by less detailed measurements 
from other stations (Table I). The upper estuarine 
marsh station (4a. b) has the widest range of variability 
(0-20%d but values in the upper estuarine marshes 
were never as high as those observed in the lower 
estuary (sta. 7c, d. 20-3<Yko). The best documented 
vertical salinity data were obtained along the five tran­
sects. Transects IIf to V are most easily compared as 
these data were all collected in July. 1976 (Figs. 4, 7, 

6, respectively). Transect III, in the upper estuary, 
illustrates little salinity change with elevation largely 
because most of the transect is contained in one nar­
row vertical floral zone. However, the highest salinity 
measured was in the low marsh (26%0) and the lowest 
in the high marsh (100/00) which indicates an inverse 
relationship between salinity and elevation. The in­
verse relationship is established more clearly in tran­
sects IV and V where all floral zones are more equally 
represented. Salinities appear to be uniformly low in 
all high marsh areas (3-10%0) but increase seaward in 
the middle- and low-marsh floral zones. Maxima of 
30%0 in the low marsh areas of transect IV are ob­
served. All measurements for transects III to V were 
carried out in the summer and they probably represent 
maximum salinity values. Transects I and II (Figs. 3, 
5) were carried out in the fall of the previous year and, 
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Transect IV, Chezzelcook 
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FIGURE 7 

Plant and salinity occurrences on transect IV, Chezzetcook Inlet. Format is the same as Fig. 3. 

although not strictly comparable to transects III to V, 
they show the same inverse relationship between el­
evation and salinity. 

Organic carbon content was measured at a few se­
lected localities (Table I). These measurements dem­
onstrate that the organic carbon content of the marsh 
sediments is usually much higher than that of the ad­
jacent mudflats. The data also illustrate a moderate 
vertical gradient in the organic carbon content, with 
organic carbon decreasing with decreasing elevation. 

Sedimentation 

No marsh sediments were analyzed for grain size 
distribution. It is known, from treating the foraminif­

eral samples, that most of the sediment in the marshes 
is in the silt and clay size range with little sand. Sedi­
mentation rates are relatively low except at the lowest 
edge of the marsh where sediment-rich waters first 
contact the marsh vegetation which serves as a sedi­
ment trap. Levees, commonly observed along marsh 
channels, are the result of this trapping effect. Chap­
man (1976) demonstrated in marshes in Massachu­
setts, similar to those of Nova Scotia, that accumu­
lation rates in the marsh change vertically. The low 
marsh (Spartina alternijlora) was shown to accumu­
late at 6 mm/yr, the middle marsh (Sparlina patens) 
at 1.3 mm/yr, and the high marsh at 0.6 mm/yr. Chap­
man (1976) included data from other sources suggest­
ing the same trend for other marshes. Harrison and 
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Bloom (1977) have shown that sedimentation rates in 
marshes are closely related to tidal range with higher 
sedimentation occurring in marshes with higher tidal 
ranges. 

Foraminiferal Distribution 

Two types of sampling were carried out in the marsh 
area of Chezzetcook: 1) an areal survey to determine 
relatively large-scale lateral variations, and 2) ex­
tremely detailed transects across the marsh surface to 
determine small-scale vertical and horizontal varia­
tions. Additionally, seasonal variations were exam­
ined at selected locations to determine if the compo­
sition of the various faunal zones changed seasonally 
(Scott, 1977. 1978). 

Areal samples: At these stations (1-20. 45-48, 56, 
see foldout I) 33 species, 19 of which had living rep­
resentatives, were observed. Vertical faunal zones as 
well as lateral groupings could be delineated. Detailed 
vertical faunal zones cannot be discussed in conjunc­
tion with these samples; however, lateral variations in 
foraminiferal associations can be divided into three 
distinct environmental groups: upper estuarine, cen­
tral estuarine, and lower estuarine marshes. 

Upper estuarine marshes: This association was ob­
served in the East and West Head areas (sta. 4, 5a-d, 
6, 9-18, 45, 56, Appendix Tables 1-3). It appears to 
be dominated at all levels by Trochammina macres­
cens. Large populations of Tiphotrocha comprimata 
also occur. In higher elevations Haplophragmoides 
bonplandi is common and sometimes dominates. 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 thecamoe­
bians 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. 5e-g, 
20, 46-48, on foldout 1, Appendix Tables 1-3). The 
central estuarine marshes are generally narrower with 
a more uniform vertical gradient than the marshes ob­
served in the upper estuary. The area is dominated by 
T. 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, Cribrononion umbilicatulum, Pro­
telphidium orbicuiare, and Ammonia beccarii, make 
their first appearances in the lower part of the central 
estuarine marshes. Stations 47 and 48 represent areas 
of newly forming marsh and only the lowest marsh is 
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Seasonal variations of salinity at Chezzetcook stations 4a. b; 7b-d: 
20b. 

present. The fauna observed at these stations corre­
sponds with the lowest parts of the fully developed 
marshes. Distributions at stations 47 and 48 are ex­
tremely irregular and populations are usually small. 

Lower estuarine marsh: This is a relatively small 
area near the mouth (sta. 7, 8, 19 on foldout I, Ap­
pendix Tables 2, 3). The area is dominated almost ex­
clusively by M. fusca; but large populations of C. 
umbilicatulum, A. beccarii, Helenina andersoni, 
Hemisphaerammina bradyi, Trochammina inflata. 
and ladammina poiystoma (an ecotype of T. macres­
cens; see SYSTEMATIC TAXONOMY) also occa­
sionally occur. 

Transects: The same five transects discussed above 
were sampled for foraminifera (foldout I). Using these 
transects the marsh foraminiferal faunae can be divid­
ed into distinct vertical zones. Here we use the dom­
inant species to define a zone, presence or absence of 
subdominant species to recognize subzones. and sub­
subzones are delimited on the presence or absence of 
a subdominant species whose occurrence appears to 
be restricted not only by elevation, but also by some 
other parameter (such as salinity). 

Upper estuarine transects-l and Ill: Transect I 
(Fig. 9, Appendix Table 4) was located in the West 
Head and transect HI (Fig. 10, Appendix Table 5) in 
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Transect I, Chezzetcook
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FIGURE 9 

Foraminiferal occurrences along transect I, Chezzetcook Inlet. Dots in upper part of diagram are sampling localities. Double vertical bars 
below represent replicate percentage occurrences of each species along the transect. except the lowest set which indicate total numbers per 
10 cm'. Horizontal connecting lines indicate averaging, hence vertical lines ending either outside or inside these lines are intra-zonal rather 
than inter-zonal differences. Total numbers are often higher than 1,000: however. significant variations appear to occur only between 0 and 
1,000 so the scale is limited to this figure. 

the East Head. At 95-100 cm a.m.s.!. foraminiferal 
numbers decrease sharply in transect I. Unfortunately 
no samples were obtained from comparably high ele­
vations in transect III; however, the most landward 
sample (no. 2, Appendix Table 5) at 88 cm a.m.s.!. 
shows a decrease in population. This decrease corre­
sponds closely with the higher high water datum 
(HHW, 92 em a.m.s.!.), as determined with tide 
gauges at the head of Chezzeteook. Below HHW the 
marsh fauna in the upper estuary can be divided into 
two zones: zone I (65 ± 5 to 95 em a.m.s.!.) and zone 

II (~15 =: 15 to 65 5 cm a.m.s.!.). Additionally zone 
I can be subdivided into two subzones IA (88-95 cm 
a.m.s.!.) and III (65 ± 5 to 88 cm a.m.s.!.). Subzone IB 
can be further divided into sub-subzones IB, (70-88 
a.m.s.!.) and Illz (60-70 em a.m.s.!., Trans. I only). 
The faunal zone II can be divided into two subzones 
(an upper subzone IIA and a lower lIB); however, their 
exact vertical boundaries could not be determined be­
cause the steep vertical gradient prevented reliable 
sample coverage. 

Central estuarine transects-II and V: Transect II 
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Foraminiferal occurrences along transect TIl. Chezzelcook Inlet. Formal is the same as Fig. 9. 
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(Fig. II. Appendix Table 6) was the most seaward 
while transect V (Fig. 12, Appendix Table 7) was lo­
cated farther up the estuary. At 100-110 cm a.m.s.\. 
in both transects the foraminiferal numbers decrease 
sharply. This corresponds closely with HHW (as ob­
tained from tidal data for Halifax which is comparable 
to the open part of Chezzetcook) which occurs at 101 
cm a.m.s.\. Below HHW (95-100 cm a.m.s.\.) again 
two zones can be distinguished: zone I (75 ± 5 to 100 
cm a.m.s.\.) and zone II (-15 ± 15 to 75 5 cm 
a.m.s.\.). As in the upper estuary these zones can be 
subdivided into subzones and sub-subzones. Zone I 
can be divided into two subzones, IA (95 to 100 cm 
a.m.s.\.) and IB (75 ± 5 to 95 cm a.m.s.!.). Zone II can 

be divided into two subzones: IIA (55 5 to 75 5 
cm a.m.s.\.) which is divisible into two sub-subzones 
(IlA" 70 ± 5 to 75 ± 5 cm a.m.s.\.; IIA", 55 ± 5 to 70 
± 5 cm a.m.s.!.) and 111\ (-15 ± 15 to 55 5 cm 
a.m.s.l.). 

Lower estuarine transect-IV: Transect IV (Fig. 13, 
Appendix Table 8) was located in the relatively large 
marsh area near the mouth (foldout I). This area was 
chosen because it was the only area near the mouth 
having a fully developed marsh vegetation sequence. 
In the elevation range from 78 to 103 cm a.m.s.!. there 
were virtually no foraminifera. In the short range be­
tween 69 and 78 cm a.m.s.!. a fauna resembling those 
observed in higher elevations at the other transects 
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FIGURE II 

Foraminiferal occurrences along transect II, Chezzetcook Inlet. Format is the same as Fig. 9. 

occurs. Below 68 em a.m.s.!. a faunal zone II occurs 
but is much more diverse than those in the upper and 
central estuary. The upper part of this transect was 
probably not representative since salinities were ab­
normally low, probably because of excessive runoff 
which was funneled into this location. 

All information from Figures 3-7 and 9-l3 is sum­
marized in Fig. 14. 

The total foraminiferal population (live plus dead) 
has been used to define assemblages. As pointed out 

by Albani and Johnson (1975) the total population is 
a more reliable indicator of assemblages because all 
of the seasonal variations are integrated into it, and no 
seasonal variation of living species will be overem­
phasized. Comparison of replicate samples indicates 
that variations between the total numbers at anyone 
station are usually small in comparison with the large 
variations between corresponding living populations. 
Consequently, any meaningful interpretation of the 
assemblages based only on living data would be ex­
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Foraminiferal occurrences along transect V. Chezzetcook Inlet. Format is the same as Fig. 9. 


tremely problematic. This conclusion is further sup­ CHEBOGUE HARBOUR 

ported by seasonal studies in this area (Scott. 1977. 
Introduction

1978) which show that. although living populations 
vary considerably during the seasonal cycle. total as­ Chebogue Harbour is located in the southwestern 
semblages do not change significantly. part of Nova Scotia (Fig. 1); it is similar in size to 
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Transect IV, Chezzetcook 
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Foraminiferal occurrences along transect IV. Chezzetcook Inlet. Format is the same as Fig. 9. 

-I J>-

Chezzetcook and, like Chezzetcook, contains an ex­
tensive marsh system (Fig. 15). The marsh in Chebo­
gue 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. Unlike the head of Chezzetcook, however, 
most of the low-gradient areas in Chebogue would be 
classified into low-marsh floral subzone A rather than 
into the middle-marsh floral zone. 

Vegetation 

Plant species occurring in Chebogue are essentially 
the same as those in Chezzetcook and they appear to 
have a similar distribution pattern (Table 2). Some flo­
ral zones, especially the low-marsh floral zones, how­
ever, are enlarged vertically because of an expanded 
tidal range (Fig. 16). The Jow-marsh zone, consisting 
of either 100'70 Sparlina alterniftora (subzone B) or 
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any mixture of Spartina patens and S. alterniflora 
(subzone A), occupies approximately 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 subzone B consists of any combination of high­
marsh vegetation (Solidago sempervirens, Cypera­
ceae, Juncus spp.) together with varying percentages 
of S. patens (225-245 cm a.m.s.l.) with high marsh 
subzone 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 zone. It appears that the high 
marsh zone is compressed vertically with its relative 
vertical range decreasing in the higher tidal range of 
Chebogue while its absolute vertical range remains the 
same (25-30 cm). 

Physical Parameters 

The most important physical characteristic of this 
marsh in relation to the others is the expanded tidal 
range. Higher high water occurs at 250 cm a.m.s.1. 
with a total tidal range of 486 cm (data from Yar­
mouth). Since no convenient benchmarks could be lo­
cated, the base of the marsh (i.e., bottom of the Spar­
tina alterniflora) was used as MSL indicator in the 
semi-detailed transects carried out (Fig. 16). 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 Chezzetcook, 
these values are sufficiently consistent to assume that 
the marshes in Chebogue, even with the expanded tid-
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Summary of Chezzetcook physical. vegetation, and foraminiferal data. Abbreviations: EHW extreme high water, HHW = higher high 
water, MHHW = mean higher high water. MLHW mean lower high water, MSL mean sea level. 
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al range, still extend from approximately MSL to 
HHW. Water salinities showed an inverse relationship 
with elevation, similar to Chezzetcook (Table 2). High 
marsh values ranged from 2-19%0, and low marsh from 
13-35%0. Salinities were lowest in isolated channels 
near the head of the estuary. 

Foramin(feral Distribution 

As in Chezzetcook all samples were collected in 
replicate. One hundred and four samples from 52 lo­
calities were analyzed for foraminiferal content (Fig. 
15). Thirty-two species, 15 of which had living repre­
sentatives, were observed in the samples (Appendix 
Tables 9, 10). 

Two semi-detailed transects (Stations 2, 3, Fig. \6) 
were carried out in areas where there was a complete 
vertical section of marsh. Although these transects are 
not as detailed as those in Chezzetcook, the same ba­
sic characteristics emerged. At HHW the total popu­
lations in both transects decrease sharply. Just below 
HHW (5-10 cm below) the fauna is composed of al­
most 100% Trochammina macrescens (faunal zone 
IA). In the faunal subzone IB T. macrescens and Ti­
photroclw comprimata are both common. Faunal zone 
II can again be divided into two subzones. In faunal 
subzone IIA Miliammina fusca and Trochammina in­
jiata dominate with T. macrescens and T. comprimata 
disappearing. In faunal subzone lIB M . .filsca domi­
nates with Cribrononion umbilicatulum being com­
mon towards the lower end of it. With the increase in 
calcareous species the total number decreases. Am­
motium salsum, a common faunal zone 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 the existence of a faunal sub­
zone IB assemblage denoting more brackish conditions 
similar to those in Chezzetcook with significant per­
centages of Hap/ophrar.:moides bonplandi. A different 
faunal subzone IB occurred at two localities (4d, 8a) 
dominated by Trochaml11ina injiata with varying per­
centages of Tiphotrocha comprimata and Trochal11­
l11ina macrescens and low percentages of Miliammina 
fusca. These rare faunal subzone Ifl associations oc­
curred where salinities were higher than would be ex­
pected for a high marsh area. Some areas had a more 
clearly characterized faunal subzone IlA with higher 
percentages of Trochammina injiata (stations Id, 4b, 
c, 4b, d, 6b, d, 7c, 8b. d, Appendix Tables 9, 10). 

Surt'ace sample locations in Chebogue Harbour marsh. 
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FIGURE 16 

Plant and foraminiferal distribution at stations 2, 3 in Chebogue Harbour. Format similar to Fig. 9 but less detailed. 

WALLACE BASIN 

introduction 

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 zone, if it exists at aIL is extremely re­
stricted. There are few areas with steep-sided channels 
compared to those occurring in Chezzetcook and Che­
bogue. 

Vegetation 

Vegetation here is similar to that in the other areas 
except that. in the high-marsh floral zone, ]uncus ge­

rardi is usually the dominant form rather than the Cy­
peraceae Cfable 3). The middle-marsh floral zone ap­
pears to be compressed into an extremely small ver­
tical range of 5 cm with high marsh occupying the 
upper 50-70 cm and the low-marsh floral zone (both 
subzones) occupying the lowest 50-70 cm. 

Physical Parameters 

The tidal regime in Wallace as well as the rest of the 
Gulf of St. Lawrence is a mixed system; it is influ­
enced equally by semi-diurnal and diurnal compo­
nents. Hence this tidal system is not strictly compa­
rable with the Atlantic coast. However, HHW is 
reported as occurring at 113 cm a.m.s.1. (from Mala­
gash which is close to Wallace), which is compara­
tively close to HHW at Chezzetcook. 
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TEXT TABLE 2 

The vegetation, salinity, and dates of collection for Chebogue Harbour marsh stations. Plant abbreviations are the same as those in Text 
Table I. ' . 
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The salinity values have the same inverse relation­
ship observed in the other two study areas. Salinities 
in Wallace were generally higher than those in Chez­
zetcook and Chebogue but the values were obtained 
later in the summer than those in the other two areas 
(Table 3). High-marsh salinities ranged from 6-20%D, 
middle marsh from 15-25%c, and low marsh from 28­
35%0 (Table 3). Values were generally higher at sta­
tions on the south side of the basin where the marsh 
was exposed to more open circulation from the basin. 

In addition to the salt marsh areas, two stations 
were established in the upper reaches of Wallace Basin 
where there is no longer tidal influence (sta. 4, 5, Fig. 
17). The vegetation in this area was monospecific with 
Spartina cynosuroides and low salinities (O-5%l). The 
non-tidal condition appears to have been created ar­
tificially by a causeway placed seaward of stations 4 
and 5. However, some seawater might enter this area 
once or twice a year, which accounts for the mildly 
brackish condition. 

TEXT TABLE 3 

The vegetation. salinity. and dates of collection for Wallace Basin 
marsh stations. Plant abbreviations are the same as those in Text 
Table 1. 
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Foraminiferal Distribution 

Seventy-three surface samples were collected from 
37 localities in the Wallace marshes (Fig. 17). A total 
of 19 species, 15 of which had living representatives, 
were observed (Appendix Tables II, 12). One semi­
detailed transect was performed (similar to Chebogue) 
at station 6 and data from station 8 were combined 
with data from station 6 to plot Figure 18. The data 
indicate the presence of two major foraminiferal faunal 
zones, similar to Chebogue and Chezzetcook. The 
HHW datum is again marked by sharp decrease in 
foraminiferal numbers and just below HHW a mono­
specific fauna of Trochammina macrescens (faunal 
subzone I A ) occurs. Faunal subzone IB contains large 
numbers of T. macrescens, Tiphotrocha comprimata, 
and Trochammina in.flata. Faunal subzone IIA is 
marked by a decrease in T. macrescens together with 
an increase in T. infiata. Faunal subzone lIB is marked 
by decreases in Trochammina infiata and Tiphotrocha 
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. Hapla­
phragmoides bonplandi occurs in some of the more 
brackish areas to create a faunal sub-subzone I B ,. 

There are no foraminifera in the non-tidal areas (sta. 
4, 5). 

A completely anomalous area, unique to this marsh, 
was found at station 7, which was at the head of a 
narrow channel. At this location the area correspond­
ing to faunal subzone Ifl contained large percentages 
of H. bonplandi, Trochammina macrescens, T. infia­
fa, and Tiphotroclw comprimata. Below this fauna an 
assemblage occurred that was characterized by Thur­
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FIGURE 17 

Surface sample locations in Wallace Basin marsh. 

ammina(?) limnetis (new species) together with the 
species from the faunal subzone above. A. sa/sum did 
not occur in the lower areas. 

SUMMERVILLE MARSH 

Introduction 

This small marsh is located behind and on the land­
ward side of a large sand barrier at the head of Port 
Mouton (Fig. 19). It is probably of recent formation 
although no drilling was done to test peat thicknesses. 
Any freshwater entering the marsh is probably from 
precipitation; nonsaline ground water, if present, is 
only a minor contributor. Sediments tend to be sandy 
and probably do not retain moisture as well as other 
types of marsh sediments. 

Vegetation 

The vegetation can be divided into two zones. a 
high-marsh floral zone composed of Spartina patens­
Juncus gerardi-Potentilla anserina-Limonium sp. and 
a low-marsh floral zone composed of Sparlina alter­
niflora (Table 4). In the higher elevations of the marsh 
the vegetation grades into dune grass. 

Physical Parameters 

Tidal range at Port Mouton is similar to that in Chez­
zetcook with HHW occurring at 101 cm a.m.s.1. and 
a total tidal range of 208 cm. Salinities were the highest 

of any area studied, especially considering the time of 
year during which they were obtained (mid-June). Sa­
linities in the upper marsh ranged from 21-31 %c and 
in the lower marsh they ranged from 20-30%(~ (Table 
4). There was no indication of an inverse salinity gra­
dient with increasing elevation; in fact salinity ap­
peared to increase with elevation in some instances. 

F()ramin~reral Distrihlltion 

Thirty-four samples were obtained at 17 localities 
(Fig. 19). From these samples 39 species, 9 of which 
had living representatives, were observed (Appendix 
Table 13). Of the 39 total species, 33 were open ocean 
forms, occurring in locations Id-lf which were ex­
posed to considerable open ocean influence. The re­
maining 6 species were indigenous marsh species. 

Essentially two faunal zones were observed. not in­
cluding the open ocean forms occurring in station 1. 
Faunal zone I contained varying percentages of Tro­
chammina inflata, Trochammina macrescens, and Ti­
photroch{{ comprimat(l with small percentages of Mil­
iammina fusca. Faunal zone II was dominated with 
M. fusca. 

NEWPORT LANDING MARSH 

Introduction 

The area sampled was part of a large marsh system 
that borders the eastern side of the Avon River estuary 
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Plant and foraminiferal distributions at Stations 6,8, Wallace Basin, Format is similar to Fig, 9 but less detailed. 

which empties into the south side of the Minas Basin, 
Bay of Fundy (Fig. I). There is a small freshwater 
stream that bisects the marsh in the area sampled so 
that salinities in this area may be slightly lower than 
those of adjacent marshes. 

Vegetation 

The vegetation is similar to that observed in other 
areas with Solidago Sp., Junells sp. and other grasses 

characterizing the high marsh (Fig. 20). The Cypera­
ceae are not observed, however. Rather typical is the 
narrow, both horizontally and vertically, middle marsh 
characterized by Spartina patens, with a low-marsh 
subzone A (S. patens and S. altern(flora) and a wide, 
both vertically and horizontally, low-marsh subzone 
B with S. altern(fiora (Fig. 20). The low marsh ends 
at approximately +4.00 m a.m.s.l. so that the entire 
vertical range of the marsh covers slightly less than 
the upper quarter of the tidal range. The low-marsh 
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TEXT TABLE 4 
The vegetation. salinity. and dates of collection for the Summer­
ville marsh stations. Plant abbreviations are the same as those in 
Text Table I. 

FIGURE 19 

Surface sampling localities at Summerville marsh. 

zone accounted for approximately 213 of this range 
while the high-marsh zone accounted for V:3 or ap­
proximately I m of elevation range. Hence the abso­
lute vertical range of the high marsh is at least double 
that observed in the other study areas but this increase 
is not proportional to the increase in tidal range which 
is 3-7 times greater here than in any other area ex­
amined. 

Physical Parameters 

Unfortunately no salinity measurements were made 
at the time of sampling. however, salinities here prob­
ably reflect those of the Avon estuary which are usu­
ally well over 20%0. It is not known if the salinity de­
creases with elevation as it does in the three major 
study areas already discussed. 

The surface sediments are not the typical peat-like 
materials seen in the other areas. The low-marsh sed­
iments are typically fine sand and silt with little organic 
material while the upper marsh has less sand and more 
organic material. Sedimentation rates here are prob­
ably high, reflecting the high sedimentation rates ob­
served in the A von estuary as a whole. This corre­
sponds with the suggestion by Harrison and Bloom 
(1977) that higher sedimentation rates occur in marsh­
es with large tidal ranges. 

The distinctive characteristic of this marsh is its high 
tidal range (14.94 m) with HHW occurring at +7.72 
m. This is roughly three times the tidal range at Che­
bogue which already has an expanded tidal range. The 
transect done here was tied into a benchmark since it 
was assumed correct! y that the lower end of the marsh 
would no longer correspond with MSL. 

Foraminiferal Distributions 

Thirty-six surface samples were collected in one 
detailed transect. Twelve species. 9 of which had liv­
ing representatives, were observed in the samples 
(Appendix Table 14). Both total and living numbers 
were approximately an order of magnitude lower than 
in the other 4 marshes. This might be due in part to 
the higher sedimentation rates which might dilute the 
total population. In addition the samples were col­
lected in late November. 1975. when living popula­
tions were no longer at their peak. 

Despite its peculiarities this marsh can still be di­
vided into two faunal zones. I and II, based on fora­
minifers (Fig. 20). Zone I (no subzones) is character­
ized by Trochammina infiata. Haplophragmoides 
bonplandi, and Tiphotrocha comprimata with small 
percentages of .ladammina polystoma and Eggerella 
advena (+6.5-7.5 m a.m.s.!.). Zone II can be divided 
into subzone IIA characterized by T. infiata. Cribron­
onion umbilicatulum and Protelphidium orlJiculare 
(+6.3-6.5 m a.m.s.!.) and subzone liB characterized 
by P. orbiculare. The higher high water mark is again 
marked by the absence of a significant foraminiferal 
population (between +7.5 and 7.8 m a.m.s.!.). Tro­
chammina macrescens. a common constituent of fau­
nal zone I in the other areas. is rare in this marsh. 

DISCUSSION AND COMPARISON OF 

NOVA SCOTIAN MARSHES 


Distribution of Plants 

A generalized observation on most marshes of the 
east coast of North America is that there usually are 
three distinct vertical floral zones delineated by vege­
tation 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. 21). 
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FIGURE 20 

Foraminiferal and plant distributions along the Newport Landing transect. Format similar to Fig. 9 except that there is no horizontal component 
in this diagram and the species percentages are plotted directly against elevation above mean sea level. 

In Chezzetcook, the plants remain the same in each 
zone in all parts of the estuary, although salinity 
changes noticeably from the upper to the lower parts 
of it. Only one zone appears to be a response to lower 
salinity and that is the Solidago sempervirens area 
which occurs in the middle marsh of the upper estuary. 
It appears that the development of zones is caused 
principally by elevation changes (i.e., time of exposure 
between tidal cycles). The development of the high­
marsh zone, however, could be the result of increased 
freshwater influence in higher parts of the tidal range. 
Many of the characteristic high-marsh plants also in­

habit freshwater and terrestrial environments. All of 
these plants are restricted from higher elevations more 
by competition than by actual inability to live there 
(Waisel, 1972). 

Since the zones are biological entities, some of the 
boundaries are variable. This is particularly true at the 
base of the low marsh where the bottom of the Spar­
tina alterniflora can occur from MSL to 30-49 cm be­
low MSL. It is not uncommon to observe individuals 
typical of one zone growing in the next higher one. 
The middle-marsh zone, although often covering ex­
tensive surfaces, is extremely reduced in vertical ex­
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Summary and comparison of vegetation and foraminiferal data from the three major study areas in Nova Scotia. 


tent. In Chebogue and Wallace the middle-marsh zone 
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 (Scott, 1977) indicate that each area is expe­
riencing a different rate of apparent sea level rise. Ad­
ditionally, Chapman (1976) demonstrated that accu­
mulation rates in the marsh vary vertically. A 
combination of sea level rise, accumulation rates and 
tidal ranges (as discussed by Harrison and Bloom, 
1977) might determine how vegetation zonations form 
within the marsh. 

In the Bay of Fundy marshes the relationship be­
tween the lower edge of the marsh and MSL disap­
pears due to the greatly expanded tidal range. These 
data indicate that not only time of exposure but also 
the depth of submergence at flood tide may be an im­
portant factor. The total vertical range of the Newport 
Landing marsh is approximately 3.5 m suggesting that 
S. altern{{lora cannot survive at water depths greater 
than this. This would also suggest that if the total tidal 
range is more than 7 m the marsh will no longer extend 
down to MSL. 

Distribution of Foraminifera 

The foraminiferal faunae contained in the marshes 
examined were remarkably similar, especially consid­
ering the differences in salinities, tidal range, and c1i­

mate in Nova Scotia (Fig. 21). The fauna occurring at 
and just below HHW is particularly important. In all 
marsh areas (except Summerville where there was no 
sampling at this level) foraminiferal numbers decrease 
dramatically at HHW. Just below HHW a fauna dom­
inated by Trochammina macrescens occurs in all 
three of the larger areas. Differences in faunal zone III 
occurrences in the three areas were not substantial 
and could be traced to salinity differences with some 
species indicating a more brackish area (Hap/ophrag­
moides bonplandi) where others indicated a more sa­
line area (Trochammina injlata). Faunal subzone II,\ 
is also surprisingly similar in the three major areas 
with a Miliammina fllsca-Trochammina injla(a fauna 
being recurrent, sometimes containing TipllOtrocha 
comprimata but not Trochammina macrescens. Fau­
nal subzone liB appears always to have the M. fl{SCa 
element; however, the most pronounced regional dif­
ferences occur in this subzone. In Chebogue the dom­
inant species in subzone lIB in addition to M. fusca. 
is Cribrononion umbilicatulum. a calcareous species. 
In Wallace there are virtually no calcareous species 
with the dominant species being Ammotium salsUln 
and M. fusca. In Chezzetcook there is a mixed sub­
zone lIB assemblage with arenaceous elements in the 
upper estuary and calcareous elements (in addition to 
M. fusca) in the lower estuary. In Chezzetcook the 
subzone lIB species distribution is the same as that 
observed in the estuarine sediments (Scott, 1977). This 
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suggests that most subzone lIB species are actually 
"stuarine forms whose upper range is in the salt marsh. 
Using this information it should be possible to predict, 
without having actually to sample the estuarine envi­
ronment, the type of estuarine fauna in an area from 
adjoining low-marsh sediments. The only exception to 
this is M. fusca which occurs within Maritime Canada 
in almost all subzone lIB 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. 

The faunae observed in the Newport Landing marsh 
deserve a separate discussion. Faunal zone I is in 
many ways similar to those of other areas with Tro­
chammina inflata, Tiphotrocha comprimata and Hap­
lophragmoides honplandi and low numbers of Jadam­
mina polystoma. However, it differs markedly in not 
containing any Trochammina macrescens. Also this 
is the only marsh in the world where Eggerella advena 
has been reported as a significant component of an 
upper marsh fauna. The zone II fauna, composed al­
most entirely of Protelphidium orhiculare, is the only 
Nova Scotian marsh with few or no M. fusca. It can­
not be generalized, from this one small area, that the 
foraminiferal faunae in all the Fundy marshes are sim­
ilar to this one. This is particularly true in those parts 
of the Bay of Fundy where sedimentation rates are 
lower and consequently the organic content of the sed­
iment is higher. B. Deonarine (personal commun., 
1978) studied a marsh area in a small inlet along the 
Bay of Fundy (Clementsport) where tidal ranges were 
high and sedimentation rates comparatively low. The 
foraminiferal associations in such an area were more 
similar to those observed in other marshes in Nova 
Scotia than to those in the Newport Landing. 

It is not surprising that most regional differences 
occur in subzone liB since most of these species are 
estuarine forms. An estuary, although not a particu­
larly stable environment, is largely subtidal and is 
much more environmentally stable than the marsh. 
especially with respect to temperature variances. With 
increased stability the species diversity increases 
along with the opportunity for faunal differentiation 
(Gould, 1976). [n the marshes of Nova Scotia there 
are only 9 indigenous marsh species of which only 5 
occur commonl y. U suall y there are onl y 2-3 species 
per subzone. Indications are that, although more va­
riety may occur locally, these 9 species dominate in 
all marshes (Murray. 1971 a). With such small variety 
occurring on a worldwide scale there is little oppor­
tunity for sharp regional variations in faunal assem­
blages, particularly in the upper faunal zones. This 

observation had already been made, at least in part, 
by Scott (l976b) in explaining why zoogeographical 
zones were not applicable to salt marsh faunae on the 
west coast of North America. 

In all Nova Scotian marshes the total foraminiferal 
numbers appear to decrease just at the base of the 
marsh. Living foraminiferal populations do not de­
crease noticeably in the lower part of the marsh. 
Therefore, the total numbers must be decreased by 
means of some physical process. As discussed previ­
ously, 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. 

Summerville marsh was included in this study be­
cause of its distinctive faunal zone I fauna containing 
Trochammina inflata and Trochammina 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 situation 
is not widespread in Nova Scotia today, it is conceiv­
able that in the past, as sea level rise created the con­
ditions for the formation of new marshes, this type of 
zone I fauna might have been more common. 

The Tidal Role 

As tidal ranges increase the zonal ranges do not ap­
pear to increase proportionally. The total marsh range 
appears to remain the same (MSL to HHW). Com­
parisons of zonal ranges at Chebogue and Chezzet­
cook demonstrate that most of the increases are ab­
sorbed by low marsh floral subzone B. The upper 
floral zones appear to retain virtually the same abso­
lute vertical range, regardless of tidal range. In the 
Fundy marshes the absolute range expands but not 
proportionally to the increase of the tidal range. We 
can conclude that the high-marsh floral zones in all but 
extreme cases retain their absolute accuracy as sea 
level indicators even with increased tidal ranges and 
this appears to be true also for the corresponding fau­
nal zones. 

COMPARISON OF NOVA SCOTIAN AND 

SOUTHERN CALIFORNIAN MARSHES 


Nova Scotian and southern Californian data can be 
compared directly because, in both areas, detailed 
transect sampling was carried out (Fig. 22). The Cal­
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Comparison of southern Californian marsh data (from Scott. 1976a) and Nova Scotian marshes (data from Chezzetcook [nlet). 

ifornian data are from Tijuana and Mission Bay (Scott. 
1976a). and the Nova Scotian data are from Chezzet­
cook. 

The largest difference between the two widely sep­
arated localities occurs in the vegetation types. One 
species from California (Sa/icomia vir!?inica) occurs 
only in isolated populations in Nova Scotia and is of 
questionable taxonomic equivalence. In California 
only two distinct floral zones can be recognized with 
the lower zone divided into two subzones. while in 
some marshes in Nova Scotia. although the middle 
one is often narrow in extent. there are three recog­
nizable floral zones. 

The foraminiferal associations have more similari­
ties. Only one arenaceous marsh species from Cali­
fornia (Pwtoschista jindells) is not present in Nova 
Scotia and it is probably a lagoonal species rather than 

a true marsh form. Several of the arenaceous marsh 
species present in Nova Scotia are not present in Cal­
ifornia (Hap/ophragmoides bOl1plandi. Tiphotwcha 
comprimala. Thurarnmil1a(?) limnetis. Twchammina 
macrescens. Po/ysaccamina ipohalina). These species 
are all faunal zone I species and appear to be replaced 
in California by Trochammina inflata and ladammina 
po/ystoma together with significant numbers of cal­
careous species such as Quinqueloclilina seminu/um 
and Discorinopsis agliayoi. The faunal zone II differ­
ences are more complete. However. this would be ex­
pected since few of the warm-water lagoonal species 
in California inhabit Nova Scotia. The distribution of 
Miliammin(l j//Sca 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. 
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In both California and Nova Scotia the total fora­
miniferal numbers decrease dramatically at HHW da­
tum in addition to showing a less pronounced decrease 
at the lower edge of the marsh. 

COMPARISON OF NOVA SCOTIAN MARSH 

FORAMINIFERA WITH FORAMINIFERA 


FROM OTHER SELECTED MARSH AREAS 


Barnstable Marsh, /'ylassachusetts 

Ph1eger and Walton (1950) reported on marsh faunae 
of Barnstable Harbor as part of a larger study involv­
ing the entire bay. They reported faunae containing 
Trochammina inflata and Trochammina macrescens 
in high numbers from the marsh areas but no attempt 
was made to differentiate the assemblages into faunal 
zones. They also reported Miliammina fusca at some 
locations. 

lames River Estuary, Virginia 

Ellison and Nichols (1976) report on the marsh fo­
raminifera 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 James River estuarine area an assem­
blage dominated by Ammoastuta salsa occurs in the 
marshes; in the middle estuary the assemblage is co­
dominated by A. salsa and Miliammina ji.lsca. and in 
the lower estuary by M. fusca. 

Vertical zonation was demonstrated only in the up­
per estuarine marsh. Foraminifera appear to decrease 
sharply at HHW. Ammoastuta salsa dominates the 
higher marsh together with lesser percentages of Ar­
enoparella mexicana, Tiphotrocha comprimata, and 
Trochammina macrescens; Miliammina jiJsca domi­
nates 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 (l965a, 1966) examined a series of marshes 
in Matagorda Bay and Galveston Bay in south Texas. 

In Matagorda Bay two distinct floral zones are rec­
ognized with a transition zone occurring between 
them. much as in Nova Scotia and California. Tro­
chammina inflata, Arenoparella mexicana, Ammonia 
beccarii, and Pseudoeponides (=Helenina) andersoni 
dominate in the upper Salicornia floral zone with Mil­
iammina fusca. Ammotium salslun. Cribrononion 
spp., Miliolids, and A. beecarii dominating in the low­
er Spartina floral zone. Significantly, M. jllSca and T. 
inflata together with A. beccarii dominate in the mid­
dle Spartina-Salicornia transition floral zone, 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 tem­
peratures in Texas allow populations of some calcar­
eous species such as A. beccarii and H. andersoni to 
develop. 

Southern Holland. Europe 

Phleger (1970) examined several marshes in Europe 
including some in Holland. The low-marsh floral zones 
are characterized by a flora containing a Salicornia­
Spartina assemblage and the high-marsh floral zone is 
denoted by a Puccinella-Halimione-Suaeda assem­
blage. The marsh foraminifera were delineated into 
two vertical zonations: ladammina polystoma and 
Trochammina inflata characterizing the upper marsh 
and an array of calcareous species denoting the lower 
marsh. The upper marsh fauna is similar to that ob­
served in California. 

Kiel, Germany 

Lutze (1968) examined marsh areas associated with 
the large, brackish Bottsand Lagoon. Although his 
sample coverage was limited in the marsh areas, he 
did indicate a vertical foraminiferal zonation similar to 
that in Nova Scotia. Salinities recorded were low (4­
14%0). 

In the highest part of the marsh Lutze (1968) re­
ported Tiphotroeha comprimata and Haplophrag­
moides bonplandi as being dominant with Trocham­
mina macrescens-ladammina polystoma occurring 
slightly lower together with Trochammina inflata and 
Ammotium sa/sum. Lowest marsh was dominated by 
Miliammina fusca and Cribrononion artieu/atum 

umbilicatulum in this paper). These species are 
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identical to those in Nova Scotia, particularly the pres­
ence of H. bonplandi in the brackish marsh. 

Western Greece 

Scott and others (1979) recently completed a study 
of some salt marsh foraminifera from the Acheloos 
and Evinos River deltas in Western Greece. This 
investigation, though not quite as detailed as the Nova 
Scotia or southern California studies, is sufficiently 
quantitative to make direct comparisons between 
Greece and these areas possible. The climate makes 
this area most comparable to southern California and 
salinities observed in both summer and winter seasons 
are similar to those of southern California. The vege­
tation in Greece is mostly Salicornia sp. with no Spar­
tina spp.: there is no obvious plant zonation but an 
obvious foraminiferal zonation is present. Jadammina 
polystoma and Trochammina infiata together with 
Discorinopsis aguayoi dominate the high marsh while 
Ammonia beccarii, Protelphidium depressulum, and 
Cribrononion translucens dominate low marsh areas. 
Except for a couple of species these marsh faunae are 
exactly the same as those in California. The peculiarity 
that emerges from this comparison is that despite the 
microtidal environment in Greece (45-75 cm), the 
marsh foraminiferal relationships remain the same as 
those in other areas, although greatly compressed. 

DISCUSSION 

The large amount of data presented in this paper 
may appear to be excessive simply to substantiate ap­
parently obvious vertical zonations that occur in the 
range of a salt marsh. This amount of supportive data, 
however, was necessary to conclusively validate the 
reliability of the unusual relationships observed be­
tween marsh foraminifera and absolute elevation. 
These relationships are not common among forami­
nifera; for example: estuarine foraminiferal distribu­
tions are generally controlled by salinity gradients and 
since many estuarine forms also inhabit salt marshes, 
the same might be expected of marsh foraminifera. 
However. the data presented demonstrate that the dis­
tributions of the marsh foraminifera are controlled at 
least as much by elevation above mean sea level as by 
salinity. Hence the controlling parameters for marsh 
foraminiferal distributions appear to be different from 
those controlling foraminiferal distributions in adjoin­
ing estuaries and lagoons. The marsh is the most mar­
ginal of the marginal marine environments, being sub­
ject to large, sudden variations in temperature and 
salinity, regardless of latitude (Scott, 1976b). Clearly, 

any species sensitive to large variations of these pa­
rameters could not survive under such conditions. The 
most distinctive variable in a marsh is the tidal cycle 
and the long times of exposure that accompany it. 
Relatively few marine organisms can withstand sus­
tained exposure to the atmosphere which results in the 
extremely low diversity observed in marsh foraminif­
eral populations. As demonstrated by the marsh plant 
popUlation (Waisel, 1972) these marsh organisms are 
not competitive under normal conditions and can col­
onize only areas where competition is minimal. How­
ever, salinity remains an important parameter in de­
termining distributions of marsh foraminifera. In 
brackish areas, such as those in Nova Scotia, Tro­
chammina macrescens and Tiphotrocha comprimata 
dominate the faunal zone I. In areas that are borderline 
brackish (for example, Summerville marsh), a mixed 
fauna of Trochammina macrescens and T. infima oc­
curs. In marshes with normal or higher salinities such 
as those in Holland and California, T. infiata and Ja­
dammina polystoma dominate the faunal zone I. Fau­
nal zone II distributions are much more complex, 
being controlled more by locally dominant estuarine­
lagoon forms than by marsh forms. However, Miliam­
mina fusca is a common constituent of most faunal 
zone II assemblages. It is worth noting here that the 
faunal zone I forms such as T. injlata, J. po/ystoma. 
Tiphotrocha comprimata, and Trochammina macres­
cens normally occur in large populations only in the 
upper quarter of the tidal range or not at all, regardless 
of salinity. This is important to paleo-oceanographic 
work since the presence of these species will reliably 
indicate the upper half of the marsh. 

The detailed data obtained in both California and 
Nova Scotia suggest a strong correlation between el­
evation above mean sea level and marsh foraminiferal 
zones. The marsh foraminifera characterizing these 
zones are easily detected and well preserved in sub­
surface marsh sediment. It appears clear that in salt 
marsh sequences foraminiferal zones can be accurate­
ly equated with distinct vertical horizons bearing a 
fixed relationship with the tidal cycle. Thus, non-mod­
ern subsurface marsh deposits can be correlated with 
former sea levels much more accurately than had been 
thought possible (Scott and Medioli, 1978). As the data 
from the Chezzetcook transects demonstrate, certain 
faunal zones within the marsh yield higher accuracy 
than others (the larger the vertical range, the lower 
the accuracy). The least accurate is faunal zone II, 
particularly subzone 1I1l' because it has the largest 
vertical range of all the faunal divisions. Faunal zone 
IA has the lowest vertical range and the top of this 
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zone is distinguished by a sharp decrease in forami­
niferal 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 useful 
one to locate: I) HHW represents a strandline deposit 
denoting the first marine incursion into an area, thus 
it represents the base of most marine transgressive 
sequences: 2) the basal sequence is usually overlying 
a non-compactible substrate such as glacial till, bed­
rock, paleosoil, etc., and is only marginally suscepti­
ble to autocompaction of salt marsh peat (Kaye and 
Barghoorn, 1964); 3) HHW is distinctive because of 
its low foraminiferal numbers; and 4) because HHW 
is a strandline deposit, it usually contains many small 
wood fragments that provide excellent carbon-14 dat­
ing material. This last point cannot be overlooked 
when attempting to determine temporal as well as spa­
tial position of a dynamic sea level. Clearly, however, 
the HHW datum must be located in a continuolls se­
quence of marsh deposit (such as in cores or drill 
holes) to give significance to the negative, and in itself 
meaningless, evidence of no foraminifera as a datum 
indicator. As foraminiferal zone l~ usually covers the 
smallest vertical interval (seldom exceeding 5 cm) at 
the top of the high marsh, this subzone is the most 
accurate indicator of sea level. HHW can be consid­
ered as the top of this subzone, where foraminifera 
diminish markedly. Theoretically, in a borehole, once 
zone 1" has been located and the point of disappear­
ance of foraminifera has been identified, the error in 
sea level determination should be so small as to be 
negligible. More realistically we estimate the error in 
sea level determination does not exceed 5 cm. Al­
though this accuracy can only be proven in areas such 
as California and Nova Scotia where accurate mea­
surements have been performed, less detailed data 
from other areas strongly suggest that the same ac­
curacy could be obtained with further detailed studies. 

Most of the low-marsh foraminiferal species also 
occur in the adjacent mudflat and shallow subtidal sed­
iments. [n Chezzetcook this makes it virtually impos­
sible to distinguish faunal zone HIl from the mudflat 
and shallow subtidal areas by means of foraminifera 
only. The total numbers are usually higher in marsh 
sediments, but this is not always a dependable indi­
cator. [n sediments where low marsh is grading into 
mudflat, sedimentological information (i.e., high or­
ganic content of marsh sediments) as well as forami­
nifera must be considered. 

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, as suggested by Scott and Medioli 
(1978)' 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 popUla­
tions, especially in humid areas such as Nova Scotia. 
[n Nova Scotian marshes moisture above HHW is 
supplied both by freshwater runoff and seawater 
raised by capillary action, 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 supratidal bogs or other freshwater deposits 
resembling marsh sediments. 

The accurate determination of sea level using marsh 
foraminifera has many potential applications. For ex­
ample accurately knowing the sea level changes in 
marsh sequences can aid in the development of models 
for changes in coastal water bodies. Additionally, it 
appears that certain marsh levels could be used as 
accurate datums in coastal zone planning which was 
the original impetus for examining marsh foraminifera 
by the senior author and John Bradshaw in San Diego, 
However, the most obvious application is to the prob­
lem of Holocene sea level changes. The authors have 
successfully used marsh foraminiferal assemblages to 
determine small-scale variations of apparent sea level 
that have taken place during the last 2,000-3,000 years 
in Atlantic Canada. The observed changes are in the 
order of I to 5 meters and could not have been de­
tected without the use of marsh foraminiferal assem­
blages to locate accurately the sea level datum. These 
extremely accurate measurements can then be used to 
calibrate recently derived geophysical models of rela­
tive sea level changes (Farrell and Clark. 1976) and 
crustal movements (Peltier and Andrews, 1976) fol­
lowing deglaciation. 

CONCLUS[ONS 
I. 	 Despite the many variables present in the salt 

marsh environment the plant and foraminiferal as­
semblages seem to follow well-defined distribution 
patterns. These patterns appear to become less de­
fined only in extreme tidal situations such as the 
Bay of Fundy. 

2. Plant composition of the floral zones appears to be 
little affected 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. 
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3. 	 Seasonal variations in living populations of marsh 
foraminifera (Scott, 1977, 1978) although substan­
tial, usually do not significantly alter the total per­
centage occurrences of species composing the 
dominant elements in marsh assemblages. 

4. 	 Extremely detailed sampling in Chezzetcook al­
lowed placing less detailed saIt marsh data from 
Wallace. Chebogue, Summerville. and Newport 
Landing into a framework for determining accurate 
former sea levels. 

5. 	 Data from all areas in Nova Scotia indicate that 
marsh foraminiferal zones can be used to accurate­
ly locate former sea levels in subsurface sediments. 

6. 	 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 fora­
miniferal numbers at this level is useful for differ­
entiating marine from nonmarine peat deposits. 

7. 	 Examination of detailed studies in California and 
less detailed ones from many parts of the world 
suggests that marsh foraminifera could be generally 
used as accurate sea level indicators on a world­
wide basis. 

SYSTEMATIC TAXONOMY 

Approximately 40 foraminiferal species have been 
identified in this study but only those with significant 
occurrences are discussed. Representative specimens 
of all illustrated species have been deposited in the 
Smithsonian Institution collections together with the 
holotype and two paratypes of the newly described 
species. 

Specimens of species that were not familiar to the 
authors were sent either to the Smithsonian Institution 
in Washington, D.C., or to Ruth Todd in Massachu­
setts for verification. The original reference and some 
of the subsequent ones under different names are list­
ed for each species. Included are local references and 
those that are discussed in the text. Generic names 
are in accordance with Loeblich and Tappan (1964) 
with two exceptions discussed under the appropriate 
species. 

Ammobaculites dilatatus Cushman and 

Bronnimann 


Plate I, Figures 9,10 


AmmohaclI/ites di/atalUs CUSHMAN AND BRONNI:vlANN. 1948a, p. 
39. pI. 7. figs. 10, II; COLE AND FERGUSON. 1975, p. 32. pI. 2. 
figs. 8,9: SCOTT AN D OTHERS, 1977, p. 1578, pI. 2. fig. 6: SCOTT. 
1977, p. 164. pI. 2. figs. 9, 10; SCHAFER AND COLE, 1978, p. 
27. pI. 3. fig. 9. 

Ammobaculites foliaceus (H. B. Brady) 

Plate I, Figures 6-8 


lfap/opilragmilimfo/iac(:,lIm H. B. BRADY, 1884, p. 304. pI. 33, figs. 
20-25. 

Ammobaclliites c.f. jc)/iacells (H. B. Brady). PARKER, 1952b, p. 
444. pI. I, figs. 20, 2l. 

Ammobaculites fo/iaceus 	 (Brady). SCOTT AND OTHERS, 1977. p. 
1578, pI. 2, fig. 3; SCOTT, 1977, p. 164. pI. 2. figs. 6-8. 

Ammonia beccarii (Linne) 

Plate 5, Figures 8, 9 


Nauti/us beccarii l.INNE, 1758. p. 710. 
Ammonia beccarii (Linne). BRLNNICH. 1772. p. 232; FRIZZELL AND 

KEEN. 1949. p. 106: GREGORY. 1970, p. 222, pI. 12. figs. 4-6; 
SCHNIKTER, 1974. p. 216-223. pI. I: COLE AND FERGUSON. 
1975. p. 32. pI. 9, figs. 1. 2; SCOTT. 1977, pI. 6, figs. 10, II; 
SCHAFER AND COLE. 1978. p. 27. pI. 8, fig. 6. 

Streb/us beccarii (Linne). FISCHER DE WALDHIEM, 1817. p. 449. pI. 
13; BRADSHAW. 1957, p. 1138, text fig. la-c; PtlLEGtR AND 
EWIKG. 1962; p. 179. pI. 5. figs. 22. 23. 

"Rotafia" beccarii (Linne) var. tepida CUSHMAN. 1926. p. 79. pI. 
I; PARKER, 1952b. p. 457, pI. 5. figs. 7, 8. 

Remarks: Schnikter (1974) demonstrated with cul­
turing 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 them. 

Ammotium salsum (Cushman and Bronnimann) 

Plate I, Figures 11- I3 


Ammobacli/ites sa/sus CLSHMAN AND BRO!'>l!'>lIMANN. 1948b, p. 16, 
pI. 3, figs. 7-9, 

Ammosca/aria j/uvialis PARKER. 1952b, p. 444. pI. l. figs. 24. 25. 
Ammotium sa/sum (Cushman and Br5nnimann). PARKER AND 

ATHEARN, 1959. p. 340. pI. 50, figs. 6. 13: SCOTT A!'>ID OTHERS. 
1977, p. 1578. pI. 2, figs. 4. 5; ZANINtTTI AND OTtlERS. 1977. p. 
177. pI. 2. figs. 4. 5; SCOTT. 1977. p. 165. pI. 2. figs. 11-13. 

Arenoparella mexicana (Kornfeld) 

Plate 4, Figures 8-11 


Trochamminll inj/ata (Montague) var. mexic(ln(l KORNFELD. 1931. 
p. 86. pI. 13, fig. 5. 

Arenoparella mexicana (Kornfeld). ANDERSON. 1951. p. 31; PARKER 
AND ATHEARN. 1959. p. 340. pI. 50, figs. 8-10: ZANINElTl AND 
OTHERS, 1977. p. 177. pI. 2, figs. 3.7; SCOTT. 1977. p. 165. pI. 
5. figs. 10-13. 

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

Cribrononion excavatum (Terquem) 

Plate 5, Figures 5, 6 


Po/ystomella excavata TERQLE:V1, 1876. p. 429. 
Po/yslOmelia straito-pun('(ata (Fichtel and Moll) var. sdseyensi.I' 

HERON-ALLEN A!'>ID EARLAND, 1911. p. 448. 
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Elpilidilill/ ('.\'('(/I'a{1I111 (Terquem), CUSH:\1A~, 1930, p. 21. pI. 8, figs. 
1-3; SCHArER AND COLE. 1978. p. 27, pI. 9. fig, 7: LEVY AND 
OTHERS. 1975, p. 176, fig. 9. pI. 3. figs. I. 2,5.6. 

Cribrol10llioll ('.\"e(/\·a{1II11 (Terquem). LUTZE, 1965. p. 96-101. p, 15. 
fig, 39; Lfvy AND OTHERS. 1969. p. 93, pI. I, figs. la. b, 2a, b. 
4a. b, 

Eipilidilllil e.\'(,III'(I{1II11 (Terquem) formae. FEYUNG-HANSSEN, 1972, 
p. 337-3.'4, pIs. 1-6. 

Cribroelp/lidillll1 <,.\"('(/\'1/111111 (Terquem) forma clal"{lllllll (Cushman). 
SnrrTAI'ODOTlIIRS, 1977,p. 157S, 1579, pI. 5. figs. I. 2; SCOTT, 
1977. p. 169, 17(), pI. 6, fig. 2. 

Crihroel"hidit/llf 	('XC(/\'(/1II11l (Terqucm) forma selsevel1.~is (Heron­
Allen and Earland). SCOTT AND OTHERS, 1977, p. 1579. pI. 5. 
fig, 3: SCOTT. 1977. p. 170, pI. 6, fig. 3. 

Rcmarks: Although we have differentiated the two 
formae domtum and sclseyel1sis after Feyling-Hans­
sen (1972) in our plates and in the tables, we recently 
have reached the conclusion that the separation is 
completely arbitrary since there appeared to be a con­

tinuous series of intermediate forms between the two 
extremes. Miller (1979) has produced detailed photo­
graphic documentation of such an intergradational se­
ries, 

It is quite clear that there is some confusion regard­
ing the differences between Elphidill!n. Crihroclphid­
111m. and Crihrol1onion. We agree with Loeblich and 
Tappan (1964) on a narrow definition of Elphidium 
which makes the genus unsuitable for this species. We 
do not accept their criterion of differentiating between 
Cribroc/phidiuln and Crihrononion. Loeblich and 
Tappan (1964) state that the difference between the 
two genera is that Cribroelphidium has areal aper­
ture(s) in addition to the row of pores at the base of 
the septal face while Crihrononiofl lacks the areal ap­
ertures, As we will show later in this section, and has 
been suggested by BoItovskoy (1958), for Troc/wln­
!nina macrescens Brady, this trait may not even be a 

PLATE I 

1-3 	 ThllrllIl1111il1a('!) limllel;s n.sp. I. Specimen with ;,everal ap­ typical specimen. x44, 7. Side view of specimen with ex­
ertures. holotype, USNM 27S127, x58. 2. Specimen with tended uniserial chamhers. x41. 8, Aperlure view. x54. All 
only one aperture. paratype, USNM 278128. x46. 3. At­ specimens from station 14a. Chezzetcook Inlet. 
tached side of specimen with no agglutinated material. para­ 9. 10 Alllmobaclili/es di/a/O/liS Cushman and Bronnimann. 9. 
type, USNM 278129, x52. All specimens from station 7c. Side view. x94. 10. Aperture view. 193. Specimens from 
Wallal.:e Basin. station Sa. Wallace Basin, 

4 . ."i 	 Hemisp/wa(lmmil1{{ /mulri Loeblich and Tappan. 4. Sev­ 11-13 Aml/lOlillill sa/slIllI (Cushman and Briinnimannl. II, Side 
eral specimens att,Khed to each other. x54. 5, Specimen view of specimen with extended uniserial chambers, x 58, 
attached to Miliwlllllill(l/il.\HI. All specimens from station 12. Side view of typical form. xSO. 13, Aperture view, x76. 
7d. Chezzetcook Inlet. Specimens from station 6f. Wallace Basin. 


6-8 Alllllw/?{{('//lilcs ./iJ/iocelis (H. B. Brady). o. Side view of 


PLATE 2 

1-3 ,'.fi/iall1mil1a/ilsca (Brady). I. Side view (four-chamber side). 7 Eggerella at/"ella (Cushman), 7. Side view, x92. Specimen 
x43. 2, Side view (three-chamber side). x43. 3. Aperture from station 5a. Newport Landing. 
view, x65. Specimens from station 20b. Chezzetcook Inlet. S-I I Po/ysac("(/tnmina ipo/talill(l Scott. 8. Side view of typical 

4 . ."i Hap/o{lilragmoii/es h(Jllp/alldi Todd and Bri\nnimann. 4. Side specimen, x78. 9. Attached side of specimen, illustrating 
view, x70. 5. Aperture view, x 129. Specimens from station chamber flattening on attached side. x61. 10. Enlargement 
4a. Chczzetcook Inlet. of chamber connection. x 143. II. Enlargement of aperture. 

6 	 Reopll{lx 11(/1111 Rhumbler. 6, Side view, x 169. Specimen from x410. All specimens fmm station 7b. Chezzetcook Inlet. 

station 47c. Chezzetcnok Inlet. 

PLATE 3 

I-S 	 Troc/W/JIlllilw lIIacrC.H·(!IlS Brady. I. Dorsal view. x98. 2. tures, x 51. II. Dorsal view. x 55, Note similarity between 
Aperture view. x08. 3. Ventral view of specimen with Fig. 8 and Fig. 9. Only difference is the supplementary ap­
straight sutures. a deep umbilicus. and well-defined umbil­ ertures. Specimens from station 7c. Chezzetcook Inlet. 
ical teeth. x.' I. 4-8. Series of specimen'i illustrating pro­ 12-14 Troc/ta 111 III ina itlflata (Montagu)-meglaspheric form, 12. 
gressively more curved sutures and less of an umbilicus, Dorsal view. x55. 13. Apertural view, ><86. 14. Ventral 
x 50, All specimens from station 40. Chezzetcook Inlet. view. x 109, All specimens from station IF, Chezzetcook 

9-11 "Jat/lIlI1l11ill(l po!vsloll1a." 9. Ventral view, x60. 10. Ap­ Inlet. 
erture view. note Ihe large number of supplementary aper­
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defining one at the specific level. Hence in our opinion 
Cribroelphidium and Cribrononion are synonyms and 
Cribronolliofl must be retained since it has priority. 

Recently Levy and others (1975) and Rosset-Mou­
linier (1976) reported the presence of retral processes 
in C. eXC(II'atllln and placed the species back into the 
genus Elphidillln. However. we believe that the pres­
ence of retral processes only does not necessarily 
mean that the species belongs to Elphidillffl. especially 
considering the type species of the genus. which is 
quite different from C. excavatuin. Hence we have 
left this species in Cribroflonioll. It is possible that the 
Thalmann (1947) definition of Cribrollonioll may need 
revision. after a study of its type species. to include 
the possible presence of retral processes. 

Cribrononion umbilieatulum (Williamson) 

Plate 5. Figure 4 


Poly,tomel/a IIl1lbilicalulo WILLIAMSON. 1858. p. 42-44. figs. 81­
82. 

Elphidiltll1 e.reamlllill (Terqueml. CCSHMAN. 1930. p. 21. pI. 8. figs. 
4-7. 

Crilm!llOllioll cf. almre~.ial1l1l1l (d·Orbigny). LUTZE. 1965. p. 101. 
pI. 15. fig. 46. 

ElphidilllU IImlJilicatllllllll (Williamson). LEVY AND OTHERS. 1969. 
p. 96. pI. I. figs. 6a. b. pI. 2. figs. 1. 2. 

Cribroe/phidillill e.rC(/mtlllll (Terquem). SCOTT AND OTHERS. 1977. 
p. 1578. pI. 5. fig. 4; SCOTT. 1977. p. 169. pI. 6. fig. I. 

Rcmarks: In our opinion this species has commonly 
been called Crihroc/phidillm excavatum or sometimes 
Crihroelphidillill IlwrRaritaccum in this area. Exami­
nation of the work of Levy and others (1969) and our 
own material clearly indicate that our material belongs 
to the species Crihrononiofl umbilicatulum and should 
not be placed with the Cribroelpltidium eXclImtllln 
group. 

Eggerella advena (Cushman) 

Plate 2. Figure 7 


Vernellifil1{/ adn'lw CUSHMAN. 1921. p. 141. 

ERRerelfa all\'ena (Cushman). CUSHMAt-;. 1937. p. 51. pI. 5. figs. 12­

15: PHLEGER AND WALTON. 1950. p. 277. pI. I. figs. 16-18: 

PARKER. 1952a. p. 404. pI. 3. figs. 12. 13: PARKER. 1952b. p. 
447. pI. 2. fig. 3; GREGORY. 1970. p. 183. pI. 4. figs. 1-3: COLE 
AND FERGUSOt-;. 1975. p. 34. pI. 3. figs. 10. II: SCOTT AND 
OTHERS. 1977. p. 1579. pI. 2. fig. 7: SCOT I. 1977. p. 171, pI. 6. 
fig. 9: SCHAFER AND COLE. 1978. p. 27. pI. 3. fig. I. 

Haplophragmoides bonplandi Todd and 

Bronnimann 


Plate 2, Figures 4. 5 


Hap/opizragmoidl's bOl1pfal1di TODD At-;D BRONNIMANN. 1957. p. 
23. pI. 2. fig. 2: SCOTT AND OTHERS. 1977. p. 1579. pI. 3. figs. 
5.6: SCOTT. 1977. p. 172. pI. 3, figs. 5.6. 

Helenina andersoni (Warren) 

Plate 5, Figures 10. II 


Vll/VlI/illeria sp. PHLEGER AI'D W AL TON. 1950. pI. 2. figs. 22a. b. 
PSl'lIdoeponidl'1 andf'rSOlli WARREt-;. 1957. p. 39. pI. 4. figs. 12-15; 


PARKER At-;D ATHEARt-;. 1959. p. 341. pI. 50. figs. 28-31. 

He/mimi (lndersoni (Warren). SAUNDERS. 1961. p. 148: SCOTT. 


1977. p. 173. pI. 6. figs. 12. 13. 

Remarks: This is the first reported occurrence of 
this calcareous marsh species in the Maritimes. 

Hemisphaerammina bradyi Loeblich and 

Tappan 


Plate I. Figures 4. 5 


Hemisphaerammina brodyi Loeblich and Tappan in LOEBI.ICH AI'D 
COLLABORATORS. 1957. p. 224. pI. 72. fig. 2: SCOTT AND OTH­
ERS. 1977. p. 1579. pI. 3. figs. 7. 8: SeorT. 1977. pI. 2. figs. 4. 
5: SCHAFER AND COLE. 1978. p. 28. pI. I. fig. 5. 

Critizionin{{ piSlI1II Goes. GREGORY. 1970. p. 165. pI. I. fig. 6. 
Hemi.lplwerall/II/ina sp. COLE AND FERGUSON. 1975. pI. I. fig. 4. 

Miliammina fusea (Brady) 

Plate 2. Figures 1-3 


QllinqllefoclI/ina fllSca BRADY. 1870. p. 47. pI. II. figs. 2. 3. 
Miliammina .Ii/sea (Brady). PHLEGER AND WAL TOt-;. 1950. p. 280. 

pI. I. figs. 19a. b: PARKER. 1952a. p. 404. pI. 3. figs. 15. 16: 
PARKER. 1952b. p. 452. pI. 2. figs. 6a. b: PARKER AND 
ATHEARN. 1959. p. 340. pI. 50. figs. 11. 12; GREGORY. 1970. p. 
172. pI. 2. fig. 8: COLE AND FERGUSON. 1975. p. ?'7. pI. 4. figs. 
I. 2: SCOTT AND OTHERS. 1977. p. 1579. pI. 2. figs. 8. 9: SCOTT. 
1977. p. 173. pI. 3. figs. 1-3: SCHAFER AND COLE. 1978. p. 28. 
pI. 12. fig. 2. 

PLATE 4 

1-3 	 Trocilalllmina illftatll-microspheric form. I. Dorsal view. x 120.7. Ventral view. x99. Specimens from station 3h. Che­
x95. 2. Ventral view. x86. 3. Apertural view. x95. All spec­ bogue Harbour. 
imens from station IF. Chezzetcook Inlet. 8-1 I Arenopareffa mexicana (Kornfeld). 8. Ventral view. x86. 

4.5 	 Twcilamlllillll ocilracea (Williamson). 4. Dorsal view. x 116. 9. Dorsal view. x 117. 10. Aperture view. aperture partially 
5. Ventral view. x 106. Specimens from station 17a. transect obscured. x 112. 11. Aperture view with additional aperture 
V. Chezzetcook Inlet. 	 above the vertical slit. x99. Specimens from station 29b. 

transect III. Chezzetcook Inlet.6.7 Trocilllllllllina sqllamata Parker and Jones. 6. Dorsal view. 
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Polysaccammina ipohalina Scott 

Plate 2, Figures 8-11 


Polysaccammina ipohalina SCOTT, 1976b. p, 318, pI. 2, figs. 1-4. 
text figs. 4a-c: ZANINETTI AND OTHERS, 1977. p. 176, pI. I, fig. 
7: SCOTT. 1977, p. 174, pI. 3, figs. 10-13. 

Remarks: This recently described species probably 
has a worldwide distribution in marshes but has suf­
fered the fate of non-recognition since it is 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 5, Figure 7 


Nonionia orbiculare BRADY, 1881, p. 415, pI. 21, fig. 5. 

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

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


1970, p. 228, pI. 14, figs. 5, 6. 
Prolelphidium orbiculare (Brady). TODD AND Low, 1961, p. 20. pI. 

2, fig. II; COLE AND FERGUSON, 1975, p. 39. pI. 7, figs. 7. 8; 
SCOTT AND OTHERS. 1977. p. 1579, pI. 5, figs. 5, 6; SCOTT, 
1977. p. 174, pI. 6. fig. 9; SCHAFER AND COLE, 1978, p. 28. pI. 
10, fig. 5. 

Reophax nana RhumbIer 

Plate 2, Figure 6 


Reophax nana RHUMBLER. 1911. p. 182. pI. 8. figs. 6-12: PARKER, 
1952b, p. 457, pI. l, figs. 14, 15; SCOTT AND OTHERS, 1977. p. 
1579. pI. 3, figs. 1.2: SCOTT. 1977, p. 175, pI. 3, fig. 7; SCHAFER 
AND COLE, 1978, p. 29. pI. 2. fig. 4. 

Thurammina(?) Iimnetis n.sp. 

Plate 1, Figures 1-3 


Armorel/a sphaerica Heron-Allen and Earland. PHLEGER AND WAL­
TON, 1950. p. 277. pI. I. fig. I. 

Aslrammina rara Rhumbler. ELLISON AND NrCHOLS. 1976. p. 141; 
SCOTT, 1977, p. 166, pI. 2. figs. 1-3. 

Aslrammina sphaerica (Heron-Allen and Earland). ZANINETTI AND 
OTHERS. 1977. p. 176, pI. I, fig. 9. 

Holotype: One specimen from Wallace Basin, 
USNM [no.] 278127. 

Paratypes: Two specimens from Wallace Basin, 
USNM [nos.] 278128, 278129. 

Type locality: Wallace Basin marsh, Station 7c. 
Trivial name: Atp-vijTLO' = living in marshes. 
Description: Test small, free or attached, monothal­

amous, subglobular; variable number of irregular 
mammillae usually occur on the surface. Wall of vari­
able thickness, flexible, made up of mineral grains 
loosely cemented to an inner, transparent, pseudoch­
itinous layer. Apertures at the apex of mammillae. The 
pseudochitinous layer is normally visible in the area 
of attachment. 

Ecology and occurrence: In our work this species 
was only observed from marsh sediments. Examina­
tion of material reported on by Phleger and Walton 
(1950) and Ellison and Nichols (1976) corroborates our 
own studies. In Nova Scotia the species appears re­
stricted to middle and lower marsh areas with rare 
occurrences in high marsh. Salinities ranged from 10­
30%0 with an optimum range for this species probably 
between 20 and 30%0. 

This species may have suffered the same fate of non­
recognition as Polysaccammina ipohalina because it 
often is difficult to differentiate from organic detrital 
material, particularly when it is attached. The species 
was included in quantitative counts only from Wallace 
Basin but is known to occur in all the study areas. As 
with P. ipohalina the species probably has a world­
wide distribution. 

Remarks: This species has been referred to the ge­
nus Astrammina (=Armorella) by various authors. 
Specimens of Astrammina collected by Cushman on 
the east coast of North America were examined and 
appear to have little in common with our forms. Our 
opinion, supported by examination of similar material 
(R. Todd, personal commun., 1978), is that this form 
is closer to Thurammina than to Astrammina (As-

PLATE 5 
1-3 Tipholrocha comprimala (Cushman and Bronnimann). I. 6 Cribrononion excavalUm (Terquem) forma selseyensis. 6. 

Dorsal view. x74. 2. Ventral view of mature specimen with Side view, x 104. Specimen from station 47c. Chezzetcook 
characteristic T-shaped final chamber. x68. 3. Less mature Inlet. 
specimen without an irregular final chamber, x 74. Speci­ 7 PrOlelphidium orbiculare (Brady). 7. Side view. x49. Spec­
mens from station 46, Chezzetcook Inlet. imen from station 47b, Chezzetcook Inlet. 


4 Cribrononion lImbilicolUllim (Williamson). 4. Side view, 
 8, 9 Ammonia beccarii (Linne). 8. Dorsal view, x 130. 9. Ventral 
x60. Specimen from station 7c. Chezzetcook Inlet. view, x 110. Specimen from station 47b, Chezzetcook Inlet. 

5 	 CriiJrononion excavalllm (Terquem) forma clava/um. 5. 10, 11 Helenina anderson! (Warren). 10. Dorsal view, x88. 11. 
Side view. x86. Specimen from station 7c. Chezzetcook Ventral view, x89. Specimens from station 12b. transect 
Inlet. IV. Chezzetcook Inlet. 
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trammina, as pointed out by Loeblich and Tappan, 
1964, p. 185, is an Astrorhiza-Iike form with a spher­
ical rather than discoidal center and bears very little 
resemblance, on close examination, with our materi­
al). 

We have doubtfully attributed the species to the ge­
nus Thurammina only because very few Thurammina 
specimens were available for comparison and we 
could not ascertain whether the flexibility of the Thur­
ammina wall was due to the presence of an inner pseu­
dochitinous layer. There are few doubts, however, 
that a new genus (possibly "Pseudothurammina") is 
in order. In fact, Thurammina is reported as free, liv­
ing in normal salinity water and no mention is ever 
made to the pseudochitinous layer while our material 
can be free or attached, possesses a pseudochitinous 
layer and seems to be restricted to marshes. Such new 
genus would probably belong to the subfamily Sac­
cammininae of which it possesses most of the diag­
nostic features. 

Tiphotrocha comprimata 
(Cushman and Bronnimann) 

Plate 5, Figures 1-3 

Trochammina comprimata CUSHMAN AND BRONNIMANN. 1948a. p. 
41, pI. 8, figs. 1-3. 

Tiphotrocila comprimata (Cushman and Bronnimann). SAUNDERS. 
1957. p. 11; PARKER AND ATHEARN. 1959, p. 341, pI. 50, figs. 
14-17; SCOTT AND OTHERS. 1977. p. 1579. pI. 4, figs. 3. 4; 
ZANINETTI AND OTHERS. 1977. p. 176, pI. I. figs. 4, 6; SCOTT. 
1977. p. 176. pI. 5, figs. 14-16. 

Remarks: Large populations of this species appear 
to be restricted to marsh areas and only isolated, re­
worked specimens of this species occur outside the 
marsh. Since this is the first study of marshes in the 
area, previous authors in the Maritimes have probably 
only encountered isolated specimens of T. compri­
mata and these have been understandably placed with 
a more familiar and quite similar species-Trocham­
mina squamata. 

Trochammina inftata (Montagu) 

Plate 3, Figures 12-14, Plate 4, Figures \-3 


Nautilus inflatus MONTAGU, 1808, p. 81, pI. 18. fig. 3. 

Trochammina injlata (Montagu). PARKER AND JONES. 1859. p. 347; 
PHLEGER AND WALTON. 1950, p. 280. pI. 2. figs. 1-3; PARKER, 
1952a, p. 407. pI. 4. figs. 6, 10; PARKER, 1952b. p. 459, pI. 3. 
figs. 2a. b; PHLEGER AND EWING. 1962, pI. 4, figs. II, 12; 
GREGORY, 1970, p. 180. pI. 4. figs. 3.4; COLE AND FERGUSON. 
1975. p. 43, pI. 4. figs. 3,4; ZANINETTI AND OTHERS. 1977, p. 
176. pI. I, figs. 1.2; SCOTT. 1977. p. 177, pI. 4. figs. 12-14. pI. 
5, figs. 1-3; SCHAFER AND COLE. 1978. p. 29. pI. 5, fig. 2. 

Remarks: The microspheric form of this species (PI. 

4. Figs. 1-3) has sometimes been referred to as T. 
infiata var.; however, measurements have shown that 
this form is simply the microspheric generation of T. 
infiata (M. Price, Dalhousie Biology, personal com­
mun" 1979). 

Trochammina macrescens Brady 

Plate 3, Figures 1-8 


Trochammina in/lata (Montagu) var. macreseens BRADY. 1870. p. 
290. pI. 11. figs. 5a-c: SCOTT, 1976b. p. 320, pI. I, figs. 4-7: 
SCOTT AND OTHERS. 1977, p. 1579, pI. 4. figs. 6. 7: SCOTT, 
1977, p. 178. pI. 4, figs. 1-8. 

ladammina poiystoma BARTENSTEIN AND BRAND, 1938, p. 381. 
figs. la-c, 2a-l: PARKER AND ATHEARN, 1959, p. 341. pI. 50. 
figs. 21. 22, 27; PHLEGER AND EWING, 1962, p. 179. pI. 4. figs. 
13, 14; SCOTT, 1977, p. 173, pI. 4, figs. 9-11. 

Trochammina macrescens Brady. PHLEGER AND WALTON. 1950. p. 
281. pI. 2, figs. 6,7: PARKER. 1952a. p. 408, pI. 4. figs. 8a, b; 
PARKER. 1952b, p. 460, pI. 3, figs. 3a. b; PARKER AND 
ATHEARN, 1959, p. 341, pI. 50. figs. 23-25; GREGORY, 1970, p. 
181, pI. 4. fig. 7; COLE AND FERGUSON, 1975, p. 43, pI. 4, figs. 
6,7; SCHAFER AND COLE, 1978, p. 29. pI. 4, fig. 3. 

ladammina macrescens (Brady). MlJRRAY. 1971b, p. 41. pI. 13, figs. 
1-5. 

Remarks: There has always been some question as 
to whether Trochammina macrescens and ladammina 
polystoma were distinct from each other. To help 
solve this problem we prepared an intergradational 
series between the two to determine if they were 
linked, This technique was discussed and successfully 
used on a more complex foraminiferal group in a re­
cent paper (Medioli and Scott, 1978), 

A series of specimens is shown in PI. 3 to illustrate 
the variability of the curvature of the suture lines on 
the ventral side of this group, together with other char­
acteristics of the ventral side, Dorsally all specimens 
look the same, At one extreme of the series are the 
straight sutures with a large umbilical cavity and dis­
tinct umbilical teeth (PI. 3, Fig. 3). Plate 3, Figs, 5-8 
show specimens with progressively more curved su­
ture lines, a reducing umbilical cavity and no umbilical 
teeth, The form with extremely curved sutural lines 
(PI. 3, Fig, 8) is indistinguishable from what has been 
previously called 1. polystoma (PI. 3, Figs. 9-11) ex­
cept for the supplementary apertures (PI. 3, Fig, 10). 
Boltovskoy (1958) has suggested that supplementary 
apertures in some species may be environmentally 
controlled, rather than distinct specific characteristics, 
Parker and Athearn (1959) speculated that this may be 
the case for T, macrescens, 

Additionally, in our material (and in the figures of 
Bartenstein and Brand, 1938) the number of supple­
mentary apertures in the 1, polystoma form appears 
to vary between 1 and 5, suggesting that the number 
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of apertures is an individual rather than a specific char­
acteristic. This, in turn, means that supplementary ap­
ertures, at least in this case, have no taxonomic sig­
nificance (particularly to define a genus, i.e .. 
Jadammina). If, to this consideration. we add the evi­
dence of the intergradational series there remains little 
doubt that 1. polystoma and T. macrescens belong to 
the same species. Murray (l971b) had already placed 
the two forms together in J. macrescens but, as Ja­
dammina appears now to be ajunior synonym of Tro­
chammina, the latter has priority and these forms 
should then be placed in Trochammina macrescens 
Brady. 

If, as it has been suggested, supplementary aper­
tures are environmentally controlled, one would not 
expect the two forms to occur together. In our counts, 
in fact, they appeared to have different distribution 
patterns. The form without supplementary apertures 
was restricted to areas where the salinity was below 
20%0 (Barnstable, Mass.; James River, Va.; Nova Sco­
tia) whereas the one with supplementary apertures 
occurs in high salinity marshes (Greece, southern Cal­
ifornia, Europe). Temperature does not appear to have 
any influence on these forms. as shown by the pres­
ence of the form without supplementary apertures in 
a brackish marsh in southern California (Scott, 1976b). 
These forms are useful salinity indicators and it ap­
pears desirable to keep them separated. We propose 
the following terminology (which clearly has no taxo­
nomic value): the form without supplementary aper­
tures to be identified as Troclwmmina macrescens 
macrescens, and the one with supplementary aper­
tures as Trochammina macrescens polystoma. 

Trochammina ochracea (Williamson) 

Plate 4, Figures 4, 5 


Rotafina ochracea WILLIAMSON. 1858. p. 55. pI. 4, fig. 112. pI. 5, 
fig. 113. 

Trochammina ochracea (Williamson). CUSHMAN, 1920, p. 75, pI. 
15. fig. 3: GREGORY, 1970, p. 182, pI. 4. figs. 8.9: COLE AND 
FERGUSON. 1975, p. 43. pI. 4. figs. 9, 10: SCOTT AND OTHERS. 
1977, p. 1580. pI. 4, figs. 5, 8; SCOTT. 1977. p. 179, pI. 5, figs. 
4. 5: SCHAFER AND COLE. 1978, p. 29, pI. 4, figs. 4a, b. 

Trochammina squamata Parker and Jones 

Plate 4, Figures 6, 7 


Trochammina squamata PARKER AND JONES, 1865, p. 407, pI. 15. 
figs. 30. 3Ia-c; PH LEGER AND WALTON, 1950. p. 281. pI. 2. 
figs. 12. 13: PARKER. 1952a, p. 408, pI. 4, figs. 11-16: PARKER, 
1952b, p. 460, pI. 3, figs. 4a, b; COLE AND FERGUSON, 1975, p. 
43, pI. 4, figs. II. 12; SCOTT, 1977, p. 180. pI. 5, figs. 6. 7; 
SCHAFER AND COLE. 1978, p. 29. pI. 5. fig. I. 

Note: 	Cribrononion umbilicatulum (Williamson) should be C. wil­
liamsoni (Haynes) from Elphidium williamsoni Haynes. J. 
R .. 1973. Bulletin of the British Museum of Natural History. 
Zoology. supplement 4, p. 207-209, pI. 24. fig. 7. pI. 25. figs. 
6.9. pI. 27, figs. 1-3. 

ACKNOWLEDGMENTS 

P. J. Mudie (Dalhousie University) critically read 
the various parts of the manuscript as they were pro­
duced and identified all plants mentioned in the text; 
Dr. R. Ellison (University of Virginia) provided ex­
tremely useful comments during the early stages of 
preparation. B. Tilley, D. Howard, and D. Wightman 
(all Dalhousie University students) assisted at various 
times with field operations. A. A. L. Miller (Dalhou­
sie) critically read the final manuscript and assisted in 
plate preparations. 

Dr, C. T. Schafer, F. Cole, and B. Deonarine (Bed­
ford Institute of Oceanography) assisted with taxo­
nomic problems and S.E.M. photography. 

Drs. D, J. W. Piper, H. B. S. Cooke, and C. Beau­
mont helped in various phases with comments and 
criticisms. 

This work was partially supported by a National 
Research Council of Canada operating grant to F. S. 
Medioli. 

Funding for publication costs was supplied by the 
Department of Graduate Studies. Dalhousie University. 

REFERENCES 

ALBANI. A. D" and JOHNSO:-,i. K. R., 1975, Resolution of fora­
miniferal biotopes in Broken Bay, N .S. W.: Geological Society 
of Australia Journal. v. 22, p. 435-446. 

ANDERSON. H. V" 1951, Two new genera of Foraminifera from 
recent deposits of Louisiana: Journal of Paleontology. v. 25, p. 
31-34. 

BARTEf'STEIN. H .. and BRAND, E .• 1938. Die Foraminiferan-Fauna 
des Jade-Gebietes I. ladammina polystoma n.g., n.sp. aus dem 
Jade-Gebietes (for): Senckenbergiana. v. 20. no. 5, p. 381-385. 

BOLTOVSKOY. E .. 1958. The foraminiferal fauna of the Rio de la 
Plata and its relation to the Caribbean area: Cushman Foun­
dation for Foraminiferal Research Contributions. v. 9, p. 17­
21. 

BRADSHAW. J. S .. 1957, Laboratory studies on the rate of growth 
of the Foraminifer, Streb/us b1!ccarii (Linne) val'. tepida (Cush­
man): Journal of Paleontology, v. 31, no. 6, p. 1138-1147. 

--. 1968, Environmental parameters and marsh Foraminifera: 
Limnology and Oceanography. v. 13, no. I. p. 26-38. 

BRADY, H. B .. 1870, in Brady, G. S .. and Robertson, D .. 1870, 
The ostracoda and Foraminifera of tidal rivers. With analysis 
and descriptions of Foraminifera by H. B. Brady, part II: An­
nual Magazine of Natural History, ser. 4, v. 6, p. 273-306. 

"--. 	1881. On some Arctic Foraminifera from soundings ob­
tained on the Austro-Hungarian North Polar Expedition of 
1872-76: Annual Magazine of Natural History. v. 8, p. 393­
418. 

(45) 



1884, Report on the Foraminifera dredged by the H.M.S. 
Challenger during the years 1873-1876. Reports of scientific 
results from Explorer: Voyage of the H.M.S. Challenger, Zo­
ology, v. 9, p. 1-814, pI. 1-115. 

BRCNNICH, M. T., 1772. M. T. Brunnich Zoologiae Fundamentals: 
Grunde i, Dyrelorren (Hafniae at Lipsiae), 253 p. 

CHAPMAN, V. 1., 1%0, Salt Marshes and Salt Deserts of the World: 
London. Leonard Hill L TP, 392 p. 

1976. Coastal vegetation, second edition: Toronto. Per­
gamon Press. 292 p. 

COl.E. F .. and FERGUSON. C., 1975, An illustrated catalogue of 
Foraminifera and Ostracoda from Canso Strait and Chedabucto 
Bay, Nova Scotia: Bedford Institute of Oceanography. Report 
Series BI-R-75-5, 55 p. 

CUSHMAN, J. A., 1920. The Foraminifera of the Atlantic Ocean. 
PI. 2. Lituolidae: U.S. National Museum Bulletin, v. 104, pI. 
2, III p. 

1921, Results of the Hudson Bay expedition, 1920; I-The 
Foraminifera: Toronto, Canada. Biological Board. Contribu­
tions to Canadian Biology (1921), 1922, no. 9, p. 135-147. 

---, 1926, Recent Foraminifera from Porto Rico: Carnegie In­
stitution of Washington Publication 344, p. 75-84. 

---, 1930, The Foraminifera of the Atlantic Ocean, pt. 7: U.S. 
National Museum Bulletin, v. 104,55 p. 

1937, A monograph of the foraminiferal Family Valvulin­
idae: Cushman Laboratory for Foraminiferal Research Special 
Publication 8, 210 p. 

CUSHMAN, J. A., and BRONNIMANN, P., I 948a , Additional new 
species of arenaceous Foraminifera from the shallow waters of 
Trinidad: Cushman L.aboratory for Foraminiferal Research 
Contributions, v. 24, p. 37-42. 

1948b. Some new genera and species of Foraminifera from 
brackish water of Trinidad: Cushman Laboratory for Forami­
niferal Research Contributions, v. 24, p. 15-21. 

El.LISON, R. L., and NICHOLS, M. M" 1976, Modern and Holocene 
Foraminifera in the Chesapeake Bay Region: First International 
Symposium on Benthonic Foraminifera of the Continental Mar­
gins, Part A, Ecology and Biology. Maritime Sediments, Spe­
cial Publication I. p. 131-151. 

FARRELl., W. E,. and CLARK, 1. A" 1976. On postglacial sea level: 
Geophysicallournal of the Royal Astronomical Society. v. 46, 
p.647-667. 

FEYLl!'G-HANSSEN. R. W.. 1972, The Foraminifer Elphidium ex­
('ovotum (Terquem) and its variant forms: Micropaleontology. 
v. 18, no. 3, p. 337-354. 

FISCHER DE WALDHEIM, G .. 1817, Adversaria zoologica: Memoirs 
de la Societe Imperiale des Naturalistes de Moscow, v. 5, p, 
357-471. 

FRIZZELL, D. L.. and KEEN, A. M" 1949, On the nomenclature 
and generic position of Nautilus beccarii Linne (Foraminifera 
"Rotaliidae"): Journal of Paleontology, v. 23, p. 106-108. 

GOUl.D, S. J., 1976, Paleontology plus ecology as palaeobiology: 
In May. R. M., Theoretical Ecology. Principles and Applica­
tions: Philadelphia. W. B, Saunders. p. 218-236. 

GREGORY, M. R" 1970, Distribution of Benthonic Foraminifera in 
Halifax Harbour, Nova Scotia: Halifax, Dalhousie University, 
Ph.D. thesis. 

HARRISON. E. Z., and Bl.OOM. A. 1.., 1977. Sedimentation rates 
on tidal salt marshes in Connecticut: 10urnal of Sedimentary 
Petrology. v. 47. no. 4, p. 1484-1490. 

HERON-Al.LEN, 	E., and EARLAND, A., 1911, On the Recent and 
fossil foraminifera of the shore-sands of Selsey Bill. Sussex 

VIII: Royal Microscopical Society London Journal, 1911. p. 
436-448. 

HESSLAND. I., 1943. Marine Schalenablager-ungen Nord-Bohus­
lans: Geological Institule of Uppsala Bulletin, 31 p. 

KAYE, C. A., and BARGHOORN, E. S., 1964. Late Quaternary sea­
level change and crustal rise at Boslon. Massachusetts, with 
notes on the autocompaction of peat: Geological Society of 
America Bulletin, v. 75, p. 63-80. 

KORNFEl.D, M. M., 1931, Recent littoral Foraminifera from Texas 
and Louisiana: Stanford University. Department of Geology 
Contributions. v.I. no. 3, p. 77-101. 

LEVY, A., MATHIEU, R., MOMENI, I., POIGNANT, A" ROSSET­
MOULINIER. M., ROUVILl.OIS, A., and USALDO, M.• 1969. Les 
representants de la Famille de Elphidiidae (Foraminiferes) dans 
les sables des plages des environs de Dunderque, Re­
marques sur les especes de Polys/omelia signalees par O. Ter­
quem: Revue de Micropaleontologie, v. 12. no. 2. p. 92-98. 

L.EVY, A., MATHIEU, R., POIGNANT, A., ROSSET-MoULINIER, M., 
and ROUVILLOIS. A., 1975, Sur quelques foraminiferes actuels 
des plages de Dunkerque et das environs: Neotypes et especes 
nouvelle: Revue de Micropaleontologie, v. 17, p. 171-181. 

LI!'NE, C. 1758, Systema naturae per regna tria naturae. secundum 
classes, ordines. genera, species, cum characteribus, differen­
tiis, synonymis, locis: G, Engelmann (Lipsiae), ed. 10, v. I, p, 
1-824. 

LOEBLlCH, A. R .. lR .. and TAPPAN. H .. 1964. Sarcodina. chiefly 
"Thecamoebians" and Foraminiferida, in Moore. R. C, ed., 
Treatise on Invertebrate Paleontology, Protista 2, pI. c, Kansas 
University Press, v. 1, 2, 899 p. 

LOEBLICH, 	A, R., JR., and collaborators: Tappan, H., Beckman, J. 
P., Bolli, H. M .• Gallitelli, E. M., Troelsen, J. C., 1957, Stud­
ies in Foraminifera: V.S. National Museum Bulletin 215. 321 
p. 

LUTZE. C. F., 1%5, Zur foraminiferen der astee: Meyniana, v. 15, 
p. 75-142. 

---, 1968, Jahresgang der Foraminiferen-Fauna in der Bott­
sand-Lagune: Meyniana, v. 18, p. 13-30. 

MACDoNAl.D, K. B., 1969, Quantitative studies of salt marsh fau­
nas from the North American Pacific coast: Ecology Mono­
graphs, v. 39, no. I, p. 33-60. 

MEDIOLl, 	F, S., and SCOTT, D. B .. 1978, Emendation of the genus 
Discanomalinll Asano and its implications on the taxonomy of 
some of the attached foraminiferal forms: Micropaleontology, 
v. 24. no, 3, p. 291-302, 

MILl.ER. A. A. 1.., 1979, Taxonomy. morphology and microprobe 
analysis of the recent Foraminifer Elphidiflm exclivalum (Ter­
quem) from a Labrador shelf sediment core: Queen's Univer­
sity, Kingston. Ontario. Canada. unpublished B. Sc. thesis. 

MONTAGU, 	 G., 1808, Testacea Britannica, supplement: Exeter, 
England. S. Woolmer, 183 p. 

MURRAY. 1. W., 1971a, Living Foraminiferids of tidal marshes: a 
review: Journal of Foraminiferal Research. v. I, no. 4, p. 153­
161. 

1971b, An Atlas of Recent British Foraminiferids: New 
York: Elsevier Publishing Co. 

PARKER, F. L., 1952a, Foraminifera species off Portsmouth, New 
Hampshire: Harvard Museum of Comparative Zoology Bulle­
tin, v. 106. no. 9, p. 391-423, 

---, 1952b. Foraminiferal distribution in the Long Island 
Sound-Buzzards Bay area: Harvard Museum of Comparative 
Zoology Bulletin, v. 106. no. 10, p. 438-473. 

and ATHEAR!', W, D .. 1959, Ecology of marsh Foraminif­

(46) 



era in Poponesset Bay, Massachusetts: Journal of Paleontolo­
gy, v, 33. no, 2, p. 333-343, 

PARKER. W, K .. and JONES. T. R .. 1859. On the nomenclature of 
the Foraminifera, part 2. on species enumerated by Walker and 
Montagu: Annual Magazine of Natural History, ser. 2, v, 4, p. 
333-351. 

-~'~. 1865, On some Foraminifera from the North Atlantic and 
Arctic Oceans, including Davis Strait and Baffin's Bay: Philo­
sophical Transactions. v. 155, p. 325-441. 

PELTIER. W. R.. and ANDREWS. J. T .. 1976. Glacial-isostatic ad­
justment-I. The forward problem: Geophysical Journal of the 
Royal Astronomical Society. v. 46, p. 605-646. 

PH LEGER. F. B. 1954. Ecology of Foraminifera and associated 
micro-organisms from Mississippi sound and environs: Amer­
ican Association of Petroleum Geologists Bulletin. v. 38. no. 
4. p. 584-647. 

---. 1955. Ecology of Foraminifera in southeastern Mississippi 
delta area: American Association of Petroleum Geologists Bul­
letin. v. 39. no. 5. p. 712-751. 

--'. 1965a. Living Foraminifera from a coastal marsh. south­
western Florida: Boletin de la Sociedad Geologica Mexicana. 
I. 28. no. I. p. 45-60. 

---. 1965b. Pattern of marsh Foraminifera. Galveston Bay. 
Texas: Limnology and Oceanography. v. 10. supplement. p. 
RI69-184. 

---. 1966. Patterns of living marsh foraminifera in south Texas 
coastal lagoons: Boletin de la Sociedad Geol6gica Mexicana. 
t. 28. no. I. p. 1-44. 

---. 	1967. Marsh foraminiferal patterns, Pacific coast of North 
America: Universidad Nacional Autonoma de Mexico Instituto 
de Biologia Anales 38. ser. Ciencia del Mar y Limnologia, v. 
I. p. 11-38. 

-~'~. J970. Foraminiferal populations and marine marsh pro­
cesses: Limnology and Oceanography. v. 15. no. 4. p. 522-534. 

PHLEGER. F. B. and BRADSHAW. J. S" 1966, Sedimentary envi­
ronments in a marine marsh: Science, v. 154. no. 3756. p. 1551­
1553. 

PHLEGER, F. B .. and EWING. G. C" 1962. Sedimentology and 
oceanography of coastal lagoons in Baja California. Mexico: 
Geological Society of America Bulletin. v. 75. p. 145-182. 

PHLEGER. F. B .. and WALTON. W. R.• 1950. Ecology of marsh and 
bay Foraminifera. Barnstable. Mass.: American Journal of Sci­
ence. v. 248. p. 274-294. 

REDFIELD. A. c., 1972. Development of a New England salt 
marsh: Ecology Monographs, v. 42. no. 2. p. 201-237. 

RHU\1BLER. L., 1911. Die Foraminiferen (Thalamophoren) der 
Plankton-Expedition: Ergebnisse der Plankton-Expedition der 
Humboldt-Stiftung, v. 3, Lief. c., p. 1-331. 

ROSSET-MoUIlNIER, 11.1" 1976. Etude systematique et ecologique 
des Elphidiidae et des Nonionidae (Foraminiferes) du Littoral 
Breton: lI-Les especes a test radiaive: Revue de Micropa­
leontologie. v. 19, p. 86-100. 

SAUNDERS. J. B .. 1957. Trochamminidae and certain Lituolidae 
(Foraminifera) from the recent brackish-water sediments of 
Trinidad. British West Indies: Smithsonian Miscellaneous Col­
lections. v. 134. no. 5. pub!, 4270. p. 1-16. 

---, 	1961. Helcnina Saunders. new name for the foraminiferal 
genus Helenia Saunders. 1957. non Helenia Walcott. 1889: 
Cushman Foundation for Foraminiferal Research Contribu· 
tions, v. 12. pI. 4, p. 148. 

SCHAFER, C. T .• and COLE. F, E.. 1978. Distribution of forami­
nifera in Chaleur Bay. Gulf of SI. Lawrence: Geological Survey 
of Canada Paper 77-30, 55 p. 

SCHNITKER. D.• 1974. Ecotypic variation in Ammonia becC'{1rii 
(Linne): Journal of Foraminiferal Research. v. 4. no. 4. p. 216­
223. 

SCOTT. D, B., 1976a. Quantitative studies of marsh foraminiferal 
patterns in southern and their application to Holocene strati­
graphic problems: First International Symposium on Benthonic 
Foraminifera of Continental Margins. Part A. Ecology and Bi­
ology. Maritime Sediments. Special Publication I, p. 153-170. 

-~~-. 	1976b, Brackish-water Foraminifera from southern Cali­
fornia and description of Polys{1C'l'{1l1!mina ipohalina. n.gen .. 
n.sp.: Journal of Foraminiferal Research. v. 6. no. 4. p. 312­
321. 

-~~. 1977. Distribution and population dynamics of marsh-es­
tuarine foraminifera with applications to relocating Holocene 
sea-levels: Dalhousie University. Halifax. Ph.D. dissertation. 
252 p. 

---. 1978. Seasonal variations of salt marsh foraminiferal pop­
ulations in Nova Scotia, Canada: Geological Society of Amer­
ica Annual Meetings, Toronto, Canada, Abstract to symposium 
on ecology of living foraminifera. 

SCOTT. D. B .. and MEDIOL!. F. S .. 1978. Vertical zonations of 
marsh foraminifera as accurate indicators of former sea levels: 
Nature. v. 272. no. 5653. p. 528-531. 

SCOTT. 	D. B .. MEDIOLI. F. S .. and SCHAFER, C. T .. 1977. Tem­
poral changes in foraminifera distributions in Miramichi River 
estuary New Brunswick: Canadian Journal of Earth Sciences. 
v. 14. no. 7. p. 1566-1587. 

Scorr. D. B.. PIPER. D. J. W .. and PAJ'AGOS. A. G .. 1979. Recent 
salt-marsh and intertidal mudflat foraminifera from the west· 
ern coast of Greece: Rivista Italiana de Paleonotogia. v. 85. 
no. I. 

STEVENSON. R. E.. and EMERY. K. 0 .. 1958. Marshlands at New­
port Bay. California: Allan Hancock Foundation. Occasional 
Papers. no. ZO. 109 p. 

TERQUEM,O .. 1876, Essai sur Ie classement des animaux qui viv­
ent sur la plage et dans les environs de Dunkerque: Premiere 
partie. Societe Dunderquoise. Memoires. v. 19 (1874-75l. p. 
405-457. 

THALMANN. H. E .. 1947. Mitteilungen iiber Foraminiferen: Eell)­
gae Geologicae Helvetiae. PI. 5. v. 39. no. 2. p. 309-314. 

TODD, R .. and BRONNIMAJ'N. P.• 1957. Recent Foraminifera and 
Thecamoebina from the Eastern Gulf of Paria: Cushman Foun­
dation for Foraminiferal Research Special Publication 3. 43 p. 

TODD. R.. and Low. D .. 1961. Near-shore Foraminifera of Mar­
tha's Vineyard Island. Massachusetts: Cushman Foundation for 
Foraminiferal Research Contributions, v. 12. p. 5-21. 

WAISEL. Y .. 1972. Biology of Halophytes: New York. Academic 
Press. 395 p. 

WARREN. A. D .. 1957. Foraminifera of the Buras·Scofield Bayou 
region. southeast Louisiana: Cushman Foundation for Fora­
miniferal Research Contributions. v. 8. pI. I. p. 29-40. 

WILLIAMSON, W. C .. 1858. On recent Foraminifera of Great Brit· 
ain: Royal Society (London) Publication. 107 p. 

ZANINETTI. 	 L.. BRONNIMANN. P., BEURl.EN. G .. and MOURA. J. 
A .. 1977. La Mangrove de Guaraliloa et La Baie de Sepetiba 
etat de Rio de Janeiro Bresil: foraminiferes et ecologie: Geneve. 
Archives des Sciences. v. 30, pI. 2. p. 161-178. 

(47) 

http:BEURl.EN


APPENDIX TABLES lA, B 


Foraminiferal occurrences at areal marsh stations 1-6, Chezzetcook Inlet: percent living and total number of species and individuals per 

sample, X indicates less than 1%, L = live, T = total. 1. po{ystoma is differentiated from T. macrescens in all of the following tables; 

however, the two forms are believed ecotypes of the same species (see SYSTEMATIC TAXONOMY). 
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APPENDIX TABLES 2A. B 


Foraminiferal occurrences at areal marsh stations 7-15. Chezzetcook Inlet: format same as Appendix Table l. 
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APPENDIX TABLES 3A. B 


F\)raminiferal occurrences at areal marsh stations 16-20. 45-48. 56: format same as Appendix Table 1. 
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APPENDIX TABLES 4A, B 

Foraminiferal occurrences along transect I, Chezzetcook Inlet: format same as Appendix Table I, except that elevation of each sample is 
given. 

J 
=1 =; - ~I ­

--I 'I 

J""'·,1" ' 

:1 

.= I 
:=-1 
- !-: ­

!­
- -::; ,-= ­
-"1-'--1 


i_ - - I 

: ~-I---

(51) 



APPENDIX TABLES 5A, B 


Foraminiferal occurrences along transect III, Chezzetcook Inlet: format same as Appendix Table 4. 
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APPENDIX TABLES II, 12 


Foraminiferal occurrences in the Wallace Basin marshes: format same as Appendix Table 1. 


(57) 



APPENDIX TABLE 13 

Fomminiferal occurrences in Summerville marsh: percent of living and total number of species and specimens for each sample, X indicates 
less than 1%, L = live, T total. j, po/ysfoma is differentiated from T, macresc('ns in all tables: however, the two forms are believed to be 
ecotypes of the same species (see SYSTEMATIC TAXONOMY). 
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APPENDIX TABLE 14 

Foraminiferal occurrences in Newport Landing transect. Format same as Appendix Table 13 except that elevation above mean sea level for 
each station is given. 
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