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Introduction

This report presents scanning electron microscope (SEM) photomicrographs of 64
species and genera of benthic foraminifers, diatoms, dinoflagellate cysts, ostracodes and
pollen that represent the most common microfossil species preserved in sediments from
Chesapeake Bay. In addition to SEM photomicrographs, this report also presents
quantitative abundance data documenting the stratigraphic distribution of most microfossil
species in 25 sediment cores in five appendices, one for each major group of microfossils.

This study is part of an interdisciplinary research project designed to investigate the
environmental trends and functioning of the bay ecosystem over interannual through
millennial time scales through paleoecological studies of radiometrically dated sediment
cores. The primary goal is to use ecologically sensitive species to understand temporal and
spatial variability in salinity, sediment accumulation rates and budgets, dissolved oxygen,
temperature, and faunal and floral trends in Chesapeake Bay and its major tributaries
(Cronmin et al. in press). These species’ census data together with the SEM photographs
form the taxonomic basis for studies on Chesapeake Bay ecosystem history (Cronin et al.
submitted; Karlsen et al. submitted).

Chesapeake Bay is 320 km long, ~20-40 km wide, covers an area of 6,500 km?,
and drains 166,000 km?* of watershed mainly in Maryland, Virginia, Pennsylvania, the
District of Columbia and New York (Figure 1). As the nation’s largest and most
productive estuary, Chesapeake Bay faces complex environmental issues related to
eutrophication and anoxia, turbidity and sedimentation, toxic dinoflagellates, and sea level
rise, coastal erosion and submergence. For example, Chesapeake Bay experiences large
seasonal and interannual variability in salinity, temperature, and dissolved oxygen (DO)
that are strongly influenced by precipitation and river discharge from the watershed.
Nutrient concentrations in its tributaries and ecological (microbial degradation) and physical

processes (such as wind advection) in the estuary are also important factors in determining



seasonal and interannual variability in oxygen depletion. Many questions regarding the
causes of environmental changes in the bay, particularly the contributions of anthropogenic
factors like pollution, and climatological factors like precipitation and stream runoff can be
answered through the reconstruction of paleoecological trends using microfossils.

To successfully apply microfossils to the reconstruction of Chesapeake Bay
environments, however, one needs firm taxonomic and ecological foundations for the key
species preserved in sediments. The literature on the major benthic and phytoplankton
microfossil groups in east coast estuaries is sparse and widely scattered. = Moreover,
although there is a large amount of information on living macrobenthos, zooplankton and
phytoplankton in Chesapeake Bay, there is relatively little published information available
on the micropaleontology of Chesapeake Bay sediments. Among the exceptions, are
studies of benthic foraminifers by Ellison and Nichols (1976), plant macrophytes by Davis
(1985) and Brush and Davis (1984), and diatoms by Cooper and Brush (1991, 1993) and
Cooper (1995), and ostracodes by Cronin (1979). This study attempts to assemble into a
single report SEM illustrations and updated taxonomic identifications of the most important
species of foraminifera, diatoms, dinoflagellate cysts, and ostracodes used in our
paleoecological studies of the bay. It also provides SEM photographs of the major pollen
types that have been transported into the bay from vegetation living in the surrounding
watershed. Pollen in Chesapeake sediments is extremely useful in determining land-use
changes and their impacts on the bay (e.g., Brush and DeFries, 1981; DeFries, 1986).

This study focused on microfossils from sediment cores taken in the middle regions
of Chesapeake Bay (mostly mesohaline and lower polyhaline salinity regimes) and its
major tributaries (Patuxent, Potomac, Choptank Rivers) (Figure 1). It is limited to
microfossils preserved in sediments deposited during the late Holocene, the period
covering the past 2000 years. Therefore, species characteristic of the lower bay (upper
polyhaline and euhaline) and upper bay (oligohaline) regions and species that may have

inhabited the bay during the early and middle Holocene (10,000 to 2,000 years ago) are not



included. Table 1 gives location information on the sediment cores for which microfossil

data are presented below.
Format of the Microfossil Database

This report presents information on Chesapeake Bay microfossils in five sections --
one each for benthic foraminifers, diatoms, dinoflagellates, ostracodes and pollen. Each
section contains thé following. First, a short summary is given on the biology and ecology
of the group and its occurrence in Chesapeake Bay sediments. These sections are meant to
provide introductory background material and important references to the primary literature
on the group’s taxonomy and ecology for those readers wishing more information. A
table lists the species for each group in each section.

Second, SEM plates and plate captions illustrate the most common species using
specimens taken from the sediment cores listed in Table 1. This section is not intended to
be a formal taxonomic treatment of a group. Rather it is intended to illustrate important
species using the most up-to-date generic and specific nomenclature. In the case of many
species, these are the first published scanning electron photomicrographs of the species
from Chesapeake Bay.

Third, at the end of each section, there is an appendix giving the abundance of each
species in sediment core samples. For some cores only one or two groups were analyzed
depending on preservation and time constraints. In these appendices, species and genera
are given in the columns and samples are ordered stratigraphically in the rows. Because
radiometric dating for many sediment cores is still in progress, chronostratigraphic
information is not given. For the dinoflagellate cysts, there is also a data file in the
appendix giving species’ distributions in 48 surface sediment samples from Chesapeake

Bay, in addition to species’ occurrences in two long sediment cores.
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Figure 1. Map showing core locations on main transects in Chesapeake Bay and its

tributaries. See Table 1 for details.
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Chesapeake Bay Benthic Foraminifera

By Scott E. Ishman, Alex 'W. Karlsen, Thomas M. Cronin

Benthic foraminifera are single-celled organisms similar to amoeboid organisms in
cell structure. The foraminifera differ in having granular rhizopodia and elongate filopodia
that emerge from the cell body. Foraminifera are covered with an organic test that varies
from a simple single chamber with an aperture to a complex, multichambered, perforate,
calcitic wall, to an agglomeration of mineral grains embedded in the organic test. Benthic
foraminifera occupy a wide range of marine environments, from brackish estuaries to the
deep ocean basins and occur at all latitudes. Many species have well defined salinity and
temperature preferences making them particularly useful for reconstructing past trends in

ocean water salinity and temperature.

The distribution of modern benthic foraminifera from the Atlantic coastal margin of
the United States and Gulf of Mexico have been studied extensively over the past several
decades (see Buzas and Culver, 1980 and 1981 for comprehensive reviews). Many of the
taxa have widespread distributions, inhabiting marshes, coastal estuaries, bays, lagoons,
and the continental shelf. Comprehensive studies of benthic foraminiferal distributions and
ecology in the Chesapeake Bay and its estuaries include papers by Ellison et al., 1965;
Nichols and Norton, 1969; Ellison, 1972; Buzas, 1974; and Ellison and Nichols, 1976;
and in Gulf Coast Bays by Phleger, 1951, 1954, 1965; Parker et al., 1953; Bandy, 1954;
Phleger and Lankford, 1957; Benda and Puri, 1962; Frerichs, 1969; Lamb, 1972; Otvos,
1978; and Poag, 1981.

Several studies have contributed toward our understanding of the distribution of
modern benthic foraminifera in Chesapeake Bay estuaries. Ellison et al. (1965) and Ellison

and Nichols (1970) clearly illustrated distinct benthic foraminiferal assemblage distributions
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associated with environmental changes from the marsh to the estuary, into the Bay and
culminating on the Atlantic Shelf. Buzas (1974) described the vertical distribution of
living Ammobaculites from the Rhode River estuary of the Chesapeake Bay. These studies
have contributed greatly to the interpretation of benthic foraminiferal assemblages recovered
from sediment cores to evaluate past changes in salinity, water temperature, and sea level.
Ellison and Nichols (1976) have shown significant environmental changes in the

Rappahannock River Estuary for the past 1500 to 3000 years.

The present study is part of a large study to document the benthic foraminiferal
fauna in the Chesapeake Bay and its estuaries, and to determine temporal changes in the
benthic foraminiferal communities throughout the last few millennia in the sedimentary
record. Following the format used for other microfossil groups, there are two sections
given here. The first consists of five plates of scanning electron photomicrographs
illustrating 11 benthic foraminiferal taxa found in the mesohaline parts of the bay (Table 2).
The species illustrated include the most common benthic foraminiferal species now living,
or having lived in the middle regions of Chesapeake Bay over the past millennium. The
second part consists of species census data for benthic foraminifera obtained from the box,

piston, and gravity cores (Table 1).
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Table 2. Some Benthic Foraminifer species from mid-Chesapeake Bay
Ammobaculites exiguus (Cushman and Bronnimann 1948)
Ammonia tepida (Cushman 1926)

Ammotium salsum (Cushman and Bronnimann 1948)
Buccella frigida (Cushman 1922)

Elphidium clavatum Cushman 1930

Elphidium excavatum (Terquem 1876)

Elphidium selseyense (Heron-Allen and Earland 1911)
Polymorphinidae

Quinqueloculina sp.

Trochammina macrescens (Brady 1870)

Trochammina inflata (Montagu 1808)

Trochammina sp.
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Plate 1

1) Buccella frigida, umbilical, PTMC 3-P-2 224-226 cm., x 212.
2) Buccella frigida, dorsal, PTMC 3-P-2 224-226 cm., x 242.

3) Trochammina macrescens, umbilical, JP-3 0-10 cm., x 160.
4) Trochammina inflata, dorsal, JP-3 0-10 cm., x 200.

5) Trochammina sp., dorsal, JP-3 0-10 cm., x 180.
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Core: PTXT 2-G-2 Appendix 1: Benthic Foraminifera

Depth (cm)
Ammobaculites

Elphidium
Ammonia
Total

—_
[00]
re

11
18

-—
- O
a
—
- N
—
»

16 107 3 2 112
21 11 11
26 34 27 31 92
31 53 28 22 103
36 47 17 24 88

41 101 17 118
46 88 1 1 90
51 76 1 3 80
56 64 3 8 75
61 53 18 25 96
66 39 9 49 97
71 79 26 48 153
76 53 25 32 110
81 79 5 33 117
86 90 3 41 134
91 117 1 1 119
96 118 118
101 100 100
106 93 12 105
111 102 102
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Core PTXT-2-P-5

s

s 5

o 1%}

T &8 & 3 3

8 £ 3 s s 3

< 2 S B 3 3
35 © K] i) E £ ©
[ @ S . E S °
a w uj < < (<] =
1 21 77 5 103
3 23 73 3 99
5 23 69 92
7 37 3 60 100
9 22 4 68 94
11 1 3 86 100
13 16 83 99
15 55 10 30 95
17 84 14 6 104
19 84 17 2 5 108
21 62 42 2 106
23 60 22 13 95
25 51 15 29 3 98
27 39 34 32 1 106
29 38 29 19 13 99
31 24 38 10 28 100
33 46 16 32 1 95
35 47 8 26 19 100
37 39 3 25 33 100
39 26 16 37 21 100
41 32 15 42 6 95
43 36 12 53 16 117
45 55 5 54 19 133
47 42 6 33 15 96
49 54 9 52 8 123
51 69 14 11 94
53 81 14 4 1 100
55 78 17 12 4 111
57 77 14 7 5 103
59 62 27 8 9 106
61 58 29 7 2 96
63 62 41 3 3 109
65 52 58 1 111
67 65 39 2 4 110
69 77 36 113
71 62 32 94
73 59 41 1 101
75 61 25 3 2 91
77 69 17 2 4 92
79 81 17 7 1 106
81 61 23 8 5 97
83 56 29 7 92
85 63 13 19 9 104
87 51 19 10 80
89 52 23 10 85
91 48 6 23 25 102
93 43 11 20 33 107
95 65 52 9 14 140
97 16 2 3 106 127
99 26 8 11 93 138
101 7 6 89 102
103 60 10 26 68 164
105 10 6 77 93
107 63 8 63 48 182
109 10 20 66 96
111 25 1 7 59 92
113 32 12 25 48 117
115 17 7 12 115 151
117 32 3 12 56 103
119 37 9 13 98 157
121 18 1 3 77 99
123 71 11 14 10 106
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Core PTXT-2-P-5

5
3 S
Q o
g g £
§ ¢ § s § ¢
- 2 g 3 8 g -
R ® 8 i) g £ ]
© ? S X E 3 kY
a w w < < S =
125 33 8 11 21 73
127 74 11 24 23 132
129 51 7 16 44 118
131 47 23 11 8 89
133 64 24 10 6 104
135 42 17 19 14 92
137 58 36 7 4 105
139 50 36 27 4 117
141 65 29 8 102
143 88 21 6 115
145 86 21 2 1 110
147 83 8 3 94
149 70 29 4 3 106
151 30 33 5 26 94
153 127 50 1 5 183
155 68 67 2 137
157 57 34 5 96
159 73 13 28 114
161 40 21 13 28 102
163 28 2 70 100
165 64 11 1 16 92
167 58 8 2 32 100
169 65 9 1 29 104
171 61 8 13 82
173 87 22 1 1 111
175 60 31 2 7 100
177 64 39 1 104
179 14 a0 1 12 117
181 43 72 2 1 118
183 55 56 7 8 126
185 87 13 100
187 76 30 3 ] 118
189 82 14 3 16 115
191 63 20 37 120
193 59 22 2 18 101
195 56 7 24 17 104
197 84 21 1 2 108
199 57 13 8 14 92
201 70 23 1 94
203 53 14 24 7 98
205 69 37 13 2 121
207 43 15 33 5 96
209 101 18 1 120
211 79 16 33 5 133
213, 90 37 32 159
215 33 18 54 105
217 51 4 11 61 127
219 56 8 34 103
221 70 27 8 105
223 86 22 11 119
225 149 61 2 212
227 63 22 12 3 100
229 112 16 13 35 176
231 89 13 4 2 108
233 163 30 4 197
235 69 19 5 93
237 89 21 4 114
239 53 48 1 102
241 78 32 1 111
243 69 35 8 112
245 45 38 8 91
247 87 11 7 105
249 96 8 1 10 115
251 45 10 6 46 107
253 58 4 1 58 121
255 23 7 2 60 92
257 77 16 2 7 102
259 57 28 3 17 105
261 108 22 4 5 139
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Core PTXT-2-P-5

5
3 &
Qo 1)
H g &
= B S 3
§ ¢ § & § ¢
< 3 $ a K 3
s ® 8 2 £ £ ®
< ] S . £ S S
a w '] < < ¢ |
263 36 69 1 7 1 114
265 148 32 1 2 183
267 90 27 1 2 120
269 82 14 3 99
271 85 3 12 100
273 119 11 3 133
275 73 18 1 16 108
277 124 14 4 1 143
279 81 13 2 4 100
281 106 14 4 1 125
283 44 8 38 90
285 93 6 2 3 104
287 9 3 3 86 101
289 56 8 36 100
291 28 3 1 65 97
293 33 1 58 92
295 61 7 33 101
297 105 6 2 2 115
299 64 24 2 3 93
301 72 15 4 91
303 75 28 1 4 1109
305 81 28 1 110
307 93 27 1 2 123
309 91 18 1 1 111
311 55 38 3 2 98
313 76 27 1 104
315 73 56 1 1 131
317 51 39 90
319 34 81 2 2 119
321 33 61 1 95
323 58 45 103
325 61 50 1 112
327 94 32 1 1 128
329 69 19 3 91
331 62 27 5 9 103
333 59 46 1 106
335 68 22 7 97
337 67 20 1 6 94
339 71 15 4 10 100
341 74 12 6 92
343 78 21 10 111
345 57 20 3 4 84
347 59 13 1 19 92
349 49 12 61
351 12 1 6 86 105
353 28 8 1 66 103
355 38 14 1 40 93
357 49 35 2 4 90
359 65 11 2 15 93
361 87 6 2 6 101
363 15 3 3 21
365 84 4 3 91
367 86 11 5 1 103
369 138 4 142
371 74 21 95
373 62 45 107
375 66 43 109
377 64 37 101
379 56 46 102
381 65 19 84
383 74 14 1 89
385 111 38 1 2 152
387 72 20 92
389 41 55 96
391 71 21 1 93
393 75 38 113
395 105 24 1 130
397 103 15 118
399 116 18 1 9 144
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Core: PTXT 2-G-3

Appendix 1: Benthic Foraminifera

S

(0] =

g 2 5 & 3

S e g 2 m 3
s 3 S % 'g g -
a8 s Tt & g £
[m] w W w < < =
1 1 2
3 8 23 5 36
5 10 54 2 66
7 1 43 57 0 101
9 5 20 75 2 102
11 5 39 59 0 103
13 14 61 23 2 100
15 10 78 11 1 100
17 3 87 5 5 100
19 1 90 8 1100
21 6 50 11 33 100
23 4 44 6 50 104
25 9 34 1 57 101
27 4 61 7 54 126
29 4 25 11 60 100
31 1 28 37 37 108
33 2 28 42 28 100
35 42 21 41 104
37 6 65 19 16 106
39 3 63 27 10 103
41 57 17 26 100
43 10 64 10 16 100
45 6 88 3 5 102
47 1 93 1 5 100
49 2 96 4 102
51 7 66 8 19 100
53 8 53 9 34 104
55 3 57 9 31 100
57 2 81 13 4 100
59 2 67 24 13 106
61 2 80 13 9 104
63 3 99 2 104
65 47 33 30 110
67 1 32 24 44 101
69 2 36 24 46 108
71 1 43 30 26 100
73 2 41 40 19 102
75 3 41 32 24 100
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Core: PTXT 2-G-3

Appendix 1: Benthic Foraminifera

/7]

£ 2

o =

€ 2 3 g 3

L 2 N = © 8

5 s § § §
= 2 Q Q =
o ) x S @ g o
o « o Q ~ S ©
(a) ] ] Ly < < =
77 2 29 29 40 100
79 1 18 21 60 100
81 2 20 10 73 105
83 2 30 3 67 102
85 4 16 6 74 100
87 4 30 4 68 106
89 8 36 6 57 107
91 7 58 5 43 113
93 3 9 52 6 36 106
95 2 15 73 3 13 106
97 5 98 1 2 106
99 1 96 2 1 100
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Core: PTXP 2-pP-2

Appendix 1: Benthic Foraminifera

5

- 2 . E

fl :%‘ = © g

- L) S k) 3

a % 3 & S s

) . ) = S 15)

[m] 1] 1] < < |
101 75 13 16 1 105
111 93 5 6 104
121 78 8 13 1 100
131 79 8 17 1 105
141 74 18 9 1 102
151 60 12 14 2 88
161 85 16 101
171 87 9 1 92
181 82 9 2 93
191 88 11 ) 101
201 78 9 3 90
211 75 4 79
221 94 10 3 107
231 63 5 13 81
241 75 8 6 89
251 73 4 13 90

Chesapeake Bay Microfossils

28



Core: PTXT 2-P-3 Appendix 1: Benthic Foraminifera

5
S 3
s 2 $§ 7 8§
g & 8 &g & 3
(m)] w 1T} <C < |
91 5 93 2 100
101 75 13 16 1 105
111 93 5 6 104
121 78 8 13 1 100
131 79 8 17 1 105
141 74 18 9 1 102
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Core: PRCK 3-P-2

o |E.seleyense/excavatum

T £

& s 2 = £
[a] i < Q [
1 4 90 100
3 30 19 58 107
5 20 41 39 100
7 65 20 17 102
9 43 40 19 102
11 62 33 5 100
13 46 54 2 102
15 66 18 16 100
17 35 47 18 100
19 63 25 13 101
21 31 55 15 101
23 55 37 16 108
25 36 28 37 101
27 51 38 18 107
29 36 55 10 101
31 33 65 7 105
33 5 90 5 100
35 20 42 40 102
37 20 10 29 59
39 20 3 78 101
41 23 9 9 41
43 58 41 3 102
45 53 37 10 100
47 54 50 3 107
49 65 35 100
51 72 28 3 103
53 57 40 3 100
55 55 27 3 85
57 35 23 2 60
59 89 12 2 103
61 93 5 2 100
63 76 18 6 100
65 75 11 15 101
67 75 13 5 93
69 80 12 8 100
71 90 8 2 100
73 84 17 1 102
75 79 18 3 100
77 69 26 6 101
79 49 45 4 98
81 0
83 0
85 0
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Core: PRCK 1-G Appendix 1: Benthic Foraminifera
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= > 8 & g ®
53 ? S 2 g 5
[m)] T w < < =
1 5 3 91 183 282
6 9 17 331 357
11 17 2 12 240 271
16 18 38 1 257 314
21 49 3 6 364 422
26 18 11 195 224
31 19 152 240 411

36 24 20 60 163 267
41 53 19 41 313 426

46 45 37 9 142 233
51 2 1 3
56 79 15 1 97
61 84 7 1 1 93
66 90 5 95
71 76 7 83
76 29 3 32
81 84 7 91
86 60 26 3 89
91 77 1 78
96 81 7 1 89
101 97 2 99
106 6 6
111 0
116 20 20
121 2 2
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Core: PRCK 3-P-2

3
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£ 3 T s & 3
S & S L = 3
[a)] W W < Q =
87 0
89 0
91 0
93 0
95 0
97 0
99 0
101 0
103 0
105 0
107 0
109 0
111 0
113 0
115 0
117 0
119 0
121 97 7 5 2 111
123 87 4 9 100
125 19 1 3 23
127 56 2 3 61
129 78 7 9 1 95
131 2 2 4
133 51 1 2 54
135 83 17 100
137 63 3 1 67
139 61 36 3 100
141 80 19 1 1 101
143 88 17 1 106
145 106 14 1 121
147 107 9 2 119
149 92 8 2 1 103
151 87 9 4 100
153 100 9 109
155 57 15 2 74
157 76 24 100
159 87 14 1 102
161 66 13 2 81
163 73 8 81
165 52 15 6 3 76
167 15 15 2 32
169 71 7 2 2 82
171 93 2 5 100
1783 66 2 7 75
175 75 3 1 3 82
177 3 3
179 91 8 1 100
181 38 3 4 45
183 33 2 1 36
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Core: PRCK 3-P-2

5
%
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3 2 3
g S 3 3 £ S
@ ] Q = . °
[a] W W < 8] [
185 94 6 2 102
187 90 3 93
189 16 2 27
191 86 1 1 1 89
193 97 4 103
195 96 1 97
197 87 2 1 90
199 74 1 75
201 51 1 52
203 95 5 100
205 90 10 100
207 93 7 100
209 88 12 100
211 86 14 100
213 79 19 2 100
215 81 17 2 100
217 92 7 1 100
219 81 23 1 105
221 77 23 100
223 58 42 100
225 75 25 100
227 79 21 100
229 104 34 138
231 0
233 61 61
235 109 109
237 81 17 3 101
239 0
241 0
243 0
245 0
247 0
249 0
251 0
253 0
255 0
257 0
259 1 1
261 3 3
263 0
265 0
267 1 1
269 0
271 0
273 0
275 0
277 0
279 0
281 0
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Core: PRCK 3-P-2

g
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N
T 3 ¢ & & B
a uj Wi < o e
283 0
285 0
287 1 1
289 18 18
291 107 1 108
293 99 1 100
295 100 100
297 90 5 95
299 84 16 100
301 34 34
303 37 37
305 74 18 1 93
307 98 2 100
309 94 7 101
311 98 2 100
313 63 33 2 2 100
315 78 14 2 1 95
317 28 72 100
319 68 32 100
321 48 52 100
323 72 27 1 100
325 92 6 2 100
327 85 14 1 100
329 81 19 1 101
331 76 22 1 1 100
333 66 31 3 100
335 97 3 100
337 74 26 100
339 65 35 100
341 68 43 1 112
343 29 71 100
345 55 49 104
347 86 18 104
349 79 37 116
351 97 4 3 104
353 95 2 1 2 100
355 97 4 1 102
357 81 19 100
359 86 10 3 1 100
361 96 4 100
363 97 2 1 100
365 92 8 100
367 97 4 1 102
369 75 24 1 100
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Core: AZM 3 Appendix 1: Benthic Foraminifera

15
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. & ¥ 82 8 _
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) « Q -~ (S )
(m)] w uw < < |
10 27 48 25 100
15 3 92 8 103
20 13 68 24 105
25 8 81 11 100
40 10 90 100
50 19 84 1 104
60 27 65 8 100
70 9 104 1 114
80 31 70 101
90 31 53 8 8 100
100 83 12 6 3 104
110 72 23 5 2 102
120 68 15 9 8 100
130 37 27 34 5 103
140 80 18 9 2 109
150 34 65 1 100
160 79 11 6 4 100
170 94 10 6 110
180 82 12 8 102
190 85 11 4 5 105
200 72 15 12 1 100
210 85 20 11 5 121
220 62 38 3 1083
230 74 15 11 2 102
240 27 1 2 30
250 110 2 112

! 9
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Core: Broomes Island 6/96 Appendix 1: Benthic Foraminifera

3
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- kS ] Q Qo £ _
a5 S S 3 S
a ] < < S e
84 6 10 100
9 16
1 1 2
1 1
0
1 1
10 90 100
12 88 100
37 74 1 112
33 65 2 100
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