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ABSTRACT _

KEARNEY, M.S. and STEVENSON, J.e., 1991. Island Land Loss and Marsh Verticsl Accretion
Rate Evidence for Historical Sea-Level Changes in Chesapeake Bay. Journal of Coastal
Research, 7(2), 403~415. Fort Lauderdale (Florida). ISSN 0749-0208.

Long-term changes in marsh vertical accretion rates based on pollen and radionuclide geo
chronologies and historical reconstruction of land loss in bay islands were used to investigate
changes in sea level in the Chesapeake Bay from colonial times. These records suggest that the
rapid submergence of the Bay region documented in local tide-gauge records essentially dates
from only the early nineteenth century; whereas, rates of sea-level rise throughout the sev
enteenth and eighteenth centuries were relatively slow. Land loss and marsh vertical accretion
rates have further accelerated since the late nineteenth century. This pattern of sea-level
changes in the Chesapeake corresponds with the general changes in global climate of the last
several centuries associated with the Little Ice Age. Nevertheless, global eustasy cannot
account for a large percentage of the present sea-level trend in the Bay. We hypothesize that
enhanced land subsidence rates from anthropogenic groundwater withdrawal and sediment
loading are other major factors which may account for the high rate of submergence in especially
the mid-Chesapeake region.

ADDITIONAL INDEX WORDS: Chesapeake Bay islands, 2lOpb, '''es, pollen geochronology,
subsidence.

INTRODUCTION

Sea-level trends spanning the last few cen
turies are intriguing because they may be one
of the first signals of shifts in global climate
(HANSEN et al., 1983), In parts of Europe con
tinuous records of tidal variations extend back
to the 17 t h Century (MORNER, 1973), Older,
but more incomplete records of sea-level posi
tion may be deduced from archaeological and
historical evidence from the 9 t h Century AD
onward (ASE, 1969 in MORNER, 1973), How
ever, along the U,S. Atlantic Coast, a focal
point of Holocene sea-level research, details on
recent sea-level change before the advent of
tide-gauge records are relatively scant. Few
existing sea-level curves contain a sufficient
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number of data points younger than 1000 years,
and these are widely spaced, What little infor
mation exists for the colonial period and some
what earlier indicates that sea level stood
locally within a meter or so of modern limits by
ca. 500 yr BP (NATIONAL ACADEMY OF SCI
ENCES, 1987).

Previous marsh-stratigraphic studies along
Maryland's western shore (FROOMER, 1980)
suggest that sea level has risen in this area of
the Chesapeake Bay at nearly the present rate
of 3,0 mm yr- 1 since at least 1650 AD. This pic
ture of relatively long-term, rapid submergence
of the Bay region contradicts the generally slow
rates of sea-level rise over the last two millen
nia along the U.S. Atlantic Coast recorded in
sea-level curves (KRAFT et al, 1987), More
fundamentally, it is at odds with the broad evi
dence for global cooling late in this period (the
classic Little Ice Age), a time when sea level
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should have fallen as investigations (MEIER,
1984) of the influence of small alpine glaciers
on recent eustatic changes indicate. In fact, his
torical European tidal records (MORNER,
1973; HORNER, 1972) show relatively negli
gible rates of sea-level rise or even falling sea
levels throughout the 18 t h Century.

The Chesapeake Bay is rich in lore and anec
dote on the impact of rising sea level on human
settlements and structures, stretching back
from the loss of the original Jamestown site in
Virginia to the relatively recent destruction
and/or submergence of famous 19 t h Century
buildings like the Cedar Point Light at the
mouth of the Patuxent River in Maryland.
Other physical evidence for recent sea-level
rise in the Bay is perhaps best exemplified by
the rapid disappearance shown on successive
19 t h and 20 t h Century maps and charts of once
large islands (cr. SINGEWALD and SLAUGH
TER, 1949) and the parallel loss of substantial
areas of coastal marsh (STEVENSON et al.,
1986; FINKELSTEIN and HARDAWAY, 1988;
KEARNEY et al., 1988). Such changes have
coincided with suggestions of dramatic in
creases in marsh accretion rates in the Nanti
coke River inferred from pollen records, a phe
nomenon largely attributed to sea-level rise
(KEARNEY and WARD, 1986).

This paper re-evaluates the sea-level history
of the Chesapeake Bay over the last few cen
turies by a comparison of changes in historical
rates of land loss (from shore erosion and sub
mergence) with rates of marsh vertical accre
tion. Together these new records of shoreline
and marsh adjustments to past sea-level vari
ation indicate that the inception of the present
sea-level trend in the Chesapeake Bay occurred
much more recently than was previously sug
gested.

STUDY AREA

This study focused on the Eastern Shore of
the middle Chesapeake Bay (Figure 1). This
area of the Bay consists of a broad, shallow ero
sional platform (maximum depth, 8-10 m), cut
by the ancestral thalwegs of major tributaries
such as the Choptank River (KERHIN et al.,
1988). Tangier Sound, the major embayment of
this part of the middle Bay, is formed by the
confluence of the Nanticoke, Wicomico and
Manokin Rivers and is bounded by a string of

large marshy islands stretching from James'
Island to the north to Bloodsworth Island to the
south.

Local tide gauge records show that present
rates of relative sea level rise (RSL) in the mid
dle Chesapeake Bay average about 3.0 mm yr- 1

(STEVENSON et al., 1986). Comparatively
high rates of subsidence, ranging from 1.6 to 2.0
mm yr- 1 (HOLDAHL and MORRISON, 1974;
BROWN, 1978), account for most of this trend.
The high rate of RSL rise is most manifest in
rates of shore erosion of up to 3.3 m yr- 1

(WARD et al., 1988), and extensive areas of sub
merged upland marsh developed on flat, late
Pleistocene terraces tc], KEARNEY et al.,
1988).

METHODS

Historical Marsh Accretion Rates

FROOMER (1980) reconstructed the sea-level
record of Chesapeake Bay since early colonial
times by determining the long-term accretion
rates of headwater marshes in small tributaries
of the Potomac River estuary in southern Mary
land. However, recent studies (KEARNEY and
WARD, 1986) of changes in marsh accretion
rates along a salinity gradient in the Nanticoke
River estuary on Maryland's Eastern Shore doc
umented that marshes toward the heads of estu
aries were characterized by recent accretion
rates exceeding the rate of RSL rise indicated
by local tide-gauge records. This disparity was
attributed to upstream fluvial sediment trap
ping in the estuary, a phenomenon that has
been enhanced by the increase in upland ero
sion and runoff from agricultural land clear
ance in this region (LOMAX and STEVENSON,
1982). This phenomenon is similar to areas of
the Appalachian Piedmont over the last cen
tury or so (MEADE and TRIMBLE, 1974).

By comparison, allocthonous sediment inputs
in lower estuary marshes and particularly
fringe or submerged upland marshes (STE
VENSON et al., 1986) along the main Bay
shoreline, tend to be predominantly tidally
driven. We focused our investigation on a large
submerged upland marsh system in Monie Bay
on Maryland's lower Eastern Shore, which
other studies (KEARNEY, unpublished data)
indicated was stable and accreting on a marsh
wide basis near the present rate of RSL.

In 1986 four sites were chosen for study (see
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Figure 1. Loca t ion of Monie Bay marsh site and some of t he major ba y isl an ds studie d a long Mary land's Eastern Sho re . ( 1) Bruff's
Isl a nd, (2) Popla r Is land , (3) Ham bl eto n Is la nd , (4) Tilghma n Isl a nd, (5 ) Sharp 's Island, (6) Wh ile Powells Is lan d, (7) Barren Is la nd,
(8) Lower Hooper 's Island , (9) Bloodsw or th Is land .
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WARD et al., 1988, for a complete description)
which were judged sufficiently distant from
major tidal creeks or the Bay shoreline to min
imize the influence of any "Ievee effect" (cf.
DELAUNE et al., 1983) or storm overwash on
the accretionary record. The latter site crite
rion was especially critical since thick, surficial
overwash horizons occur in several shoreline
areas of the marsh, possibly reflecting over
wash events associated with Tropical Storm
Agnes in 1972 or other smaller storms (WARD
et al., 1988). Short « 2 m) cores were taken by
vibracoring at each site. Cores retained for
analysis were characterized by negligible
amounts of compaction. (....... 1-2%).

Pollen, 21°Pb and 137Cs geochronologies were
used to establish time horizons for estimation
of accretion rates over several time intervals: c.
1790-1886, c. 1886-1986, and c. 1963-1986.
Pollen stratigraphy provided the oldest time
horizon, and is based on diachronous declines in
oak: ragweed pollen ratios across Chesapeake
Bay tributaries as European colonists cleared
existing oak-dominated forests for agriculture
(BRUSH et al., 1982). For this area of the Mary
land Eastern Shore, oak: ragweed ratios of 10
or less are taken to indicate the initial peak
phase of agricultural land clearance around
1790 (KEARNEY and WARD, 1986).

Thin (2 ern thick) sediment samples were
taken at 4 em intervals for the determination of
the radionuclide geochronologies as well as for
standard grain size and loss-on-ignition anal
yses (FOLK, 1972). Analysis of supported 210Pb
activities was by alpha spectrometry, using
208PO as a tracer (FLYNN, 1968). This geochron
ology provided average accretion rates over
approximately the last century, as well as a
time horizon of c. 1886 if an average age of 100
years is assumed for background activi ty in the
profiles. Estimates of the actual age of back
ground activity levels in the cores using a
method described by FAURE (1986), yielded
ages ranging from 99.1 to 102.3 years and
showed good agreement with this assumption.

137CS activities were used to determine accre
tion rates since c. 1963 (DELAUNE et al.,
1983). These activities were analyzed using a
Germanium (lithium) gamma detector (WARD
et al., 1988).

Land Loss Record

Reliable quantitative estimates for long- and
short-term rates of shoreline recession in the
Chesapeake Bay can only be determined for the
period since the middle 19 t h Century when the
first ocean survey nautical charts were pro
duced. Older historical maps and charts are
available for as early as the early 17 t h Century,
but the usefulness of such maps as archives of
shoreline data is limited to at best a general
portrayal of shoreline features; little confidence
can be placed in actual shoreline positions.

Historical rates of land loss in the numerous
islands of Chesapeake Bay can provide a partial
insight into former shoreline trends, at least to
the level of indicating gross variations in the
rate of shore erosion and/or submergence over
time. The phenomenon of the disappearance of
Bay islands was recognized at least as early as
the 19 t h Century (MOWBRAY, 1981). Many of
the islands were settled by Europeans by the
middle 17 t h Century under separate patents
(MOWBRAY, 1981; HARRISON, 1915). At the
time of settlement, the acreage of larger islands
was surveyed as part of the patent grant. In the
succeeding colonial period, resurveys of island
acreage were often undertaken as part of
Orphan Court probate proceedings or land
sales. Such records are archived in county and
state government probate and land records, and
in the state historical archives in Annapolis.

In identifying islands for study (assuming the
availability of adequate historical records),
only islands settled under separate patents
were selected (see Figure 1). This avoids con
fusion as to what part of the acreage of the orig
inal patent was comprised by the island, in
cases where the patent included several islands
and/or adjacent areas of the mainland. Among
the other criteria for island selection, was the
lack of historical evidence for extensive shore
line protection or modification (e.g., bulkheads)
throughout most of the settlement history,
unless emplacement of the structures occurred
relatively late. For example, the shoreline of
Bruff's Island (Figure 1) in Talbot County was
stabilized by a seawall as early as 1912 when it
had already decreased to 60% of its original
acreage at the time of settlement in 1678 (HAR
RISON, 1915).
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RESULTS

Marsh Vertical Accretion Record

Consistent changes with depth in the 210Pb
and 137CS activities and oak: ragweed ratios
suggest little bioturbation in the cores (Table 1
shows these data for two of the sites). Marker
horizons derived from these geochronologies
document a general increase in accretion rate
at all sites (Figure 2). At two sites (MC4 and
MCL15), accretion rates appear to have more
than doubled between 1790 (the approximate
date of the marker horizon) and the last quar
ter-century defined by the 137Cs isotope record.
The timing of this apparent upward shift in
marsh accretionary budgets cannot be de line
ated precisely, but probably occurred in the lat
ter half of the 19 t h Century. Comparably-dated
sharp increases in marsh accretion rates, based
on pollen stratigraphy, have also been reported
for the Nanticoke River estuary (KEARNEY
and WARD, 1986).

No more than a relative significance can be
attached to the observed changes in accretion
rates in this marsh because they involve com
parisons in rates integrated over long and short
intervals, and between compressed and re
latively dewatered marsh sediments and loose,
recent materials. The former problem is per
haps less tractable and concerns the impact of
high magnitude, low frequency events like

storms on observed trends, which tends to be
diminished in a longer record. By comparison,
the baseline trend of a shorter record may be
unduly skewed by such events. Thus, the sharp
increase in rate indicated by the 137CS records
may partially reflect the heavy flooding and
suspended sediment inputs of Tropical Storm
Agnes in 1972. This 100 year magnitude storm
produced sedimentation rates in parts of the
Chesapeake Bay equivalent to decades at the
overall long-term rate (SCHUBEL and CAR
TER, 1984).

The effects of compression and dewatering on
length-accretion measurements in older peats
compared to recent sediments may fortunately
be partially offset by expressing accretion rates
in terms of mass accumulation rate (g dw/cmv
yr), Table 2 shows that marsh accretion rates
calculated this way still indicate an accelera
tion in rate toward the surface. The increase in
mass per year is particularly convincing when
it is considered that the heavier mineral com
ponent of the sediments generally declines
upwards.

Land Loss Record

Changes in land area over the last 300 years
of those islands finally selected are shown in
Figure 3. All the islands are on the lower East
ern Shore of Maryland (Figure 1). It is evident
that most islands have declined dramatically in

Table 1. Changes in 210Pb and 137Csactivities and oak: ragweed ratios for two cores from Monie Bay

Core MC4

Depth 210Pb 137Cs

0-2 3.80 1.24
4-6 5.14 6.33
8-10 4.23 5.82
12-14 4.64 9.67
16-18 4.72 15.16
20-22 4.42 8.54
24-26 2.84 4.29
28-30 2.33
32-34 1.66
36-38 1.77
40-42 0.59
44-46 0.66
48-50 0.47
60 0.03
70
80
90

Pollen
Ratio

2.6

1.4

1.5

7.0

6.50
5.77
3.54
5.65
4.09
3.00
2.13
0.65
2.78
0.89
0.25
0.34
0.30
0.03

Core MCL8

137CS

1.51
5.25
4.37

14.90
17.00

6.39

3.97
2.44
1.74

Pollen
Ratio

2.6

3.0

1.0

1.5
6.3

N.B. Activities for 210Pb reported as excess flux; all activities listed as dpm/gdw.
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Table 2. Changes in accretion rates at Monie Bay sites
MC 4, MCL 8, and MeL 15 expressed as g duilcmrlyr,

Average %

Accretion Rate Bulk Density organic
Site (g dw/cmvyr) (g/cm') (interval)

MC4
137Cs 0.37 0.47 21
210Pb 0.16 0.33 23
Pollen 0.11 0.33 23

MCL8
137CS 0.17 0.22 41
210Pb 0.14 0.28 31
Pollen 0.13 0.28 31

MCL 15
137CS 0.25 0.32 34
210Pb 0.13 0.32 26
Pollen 0.01 0.30 26

acreage. This land loss appears to have been
principally due to shore erosion and not just
simple submergence, especially for islands
located in higher wave energy areas of the main
Bay stem where rates of shore erosion can
exceed 3 mlyr (CONKWRIGHT, 1975). In fact,
high rates of shore erosion have been respon
sible for the disappearance of several once
prominent islands since the last century. For
example, Sharp's Island, which was over 3.2 km
(2 miles) long and about 1 km (0.6 miles) wide
around 1850, was last shown as a subaerial fea
ture on the 1942 1:62, 500 USGS map (Figure
4). Sometime after this date (ca. 1948L it
became a shoal exposed only at low tide. Today,
the most recent nautical charts of the Choptank
River only record a shoal in the island's former
location, indicating extensive transport of sed
iment out of this area.

The most striking aspect of the history of land
loss in these islands is the rapid decrease in
land area after the middle of the last century.
Rates of land loss during the 17 t h and 18 t h Cen
turies are less certain. However, based on data
for Tilghman and Barren Islands, land loss
rates in this period appear to have been less
than half the most recent trend.

Equally compelling as the sharp decreases in
island area was the widespread abandonment of
settlements on many of the islands in the first
decades of this century (Figure 5). Deciphering
human responses to the environment is often
conjectural, but it is not difficult to envision
depopulation of the islands occurring as pro
gressive erosion and/or submergence made con-

tinued habitation untenable. This is particu
larly true when coupled with major hurricane
events, such as in 1933 when two severe storms
caused strong tidal surges and inundation
(PORE, 1960; STEVENSON et al., 1988). In
particular, the effects of these storms may have
had a profound impact on the desire of the
remaining inhabitants to continue to live on the
islands even as land loss rates slowed in the
first part of this century.

To a large degree, abandonment of these
islands appears to have been precisely for the
above reasons. Settlements in the larger
islands were generally sizeable, with popula
tions of several dozen or more families,
churches, schools, stores, and individual post
offices. For example, Lower Hooper's Island
supported around 50 families in 1900 (MOW
BRA Y, 1981). However, by 1930, this island (as
was the case with the other islands) had been
abandoned because it had become too "wet"
(MOWBRAY, 1981). Surveys of the island indi
cate that the mainland-facing side of the island
is progressively converting to marsh and
remains above water only at low tide. The tim
ing of island abandonment (Figure 5) between
c. 1910-1930 is even more striking when it is
considered that in several instances new build
ings, such as stores, post offices, and houses,
were bui1t wi thin a decade before the last
inhabitant left the island (MOWBRAY, 1981;
HARRISON, 1915). Such behavior suggests
that the continued threat to the island's exis
tence was finally perceived after land loss from
shore erosion (and/or submergence) became so
pervasive that it could no longer be ignored.
Not coincidentally, the last phases of island
occupation overlap the initiation of a major
acceleration in sea-level rise in the Chesapeake
Bay around 1930 (Figure 6).

DISCUSSION

In contrast to FROOMER's (1980) conclusion
that the RSL trend of the Chesapeake Bay has
been steady (and high) for the last several cen
turies, the marsh accretion and land loss (shore
erosion and submergence) records reported here
suggest that the present rapid submergence of
the Bay region began only in the early 19 t h Cen
tury. Our interpretation nevertheless fits the
emerging picture of sea-level trends over the
last several centuries from various localities in

Journal of Coastal Research, Vol. 7, No.2, 1991
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Figure 3. Changes in land area of the bay islands studied over approximately the last 300 years.

Northern Europe, where long-term changes in
marsh accretion rates (ALLEN and RAE, 1988)
or tide staff and historical records te.g., MOR
NER, 1973; HORNER, 1972; PIRAZZOLI, 1989)

show acceleration in local sea levels largely
within the last 200 years. As noted moreover, a
recent rise in sea level is consistent with our
present understanding of the timing of the Lit-

Journal of Coastal Research. Vol. 7, No.2. 1991
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Figure 4. Decline in the size of Sharp's Island between 1848
1942. (Modified from Singewald and Slaughter, 1949.)

!' .. - ._--- .

tie Ice Age, in particular its termination around
1850 A.D. (GROVE, 1988). Temperatures in the
North Atlantic during this cold period may
have dropped at times by as much as 3°C in the
18'h and 19'h Centuries (GRIBBIN and LAMB,
1977), and most glaciers in the Northern Hem
isphere reached maximum downvalley extents
(GROVE, 1988). A worldwide transgression,
either from thermal expansion of ocean waters
or limited additions to ocean volume from small
glaciers melting (MEIER, 1984), could hardly
be favored under such conditions. Indeed, sys
tematic temperature records from England
(MANLEY, 1974) indicate few comparatively
long warm periods through the late 17'h and
18'h Centuries, with only one (the late 1740's)
where mean temperatures rose more than
approximately 0.3°C above previous decadal
averages. By comparison, mean temperatures
in England have increased by at least 1°C since
1850 (GRIBBIN and LAMB, 1977).

If the relative tracking of recent sea-level
changes in the Chesapeake Bay with global cli
mates of the last few centuries argues for a gen-

eral eustatic cause, the relative significance of
the present trend vis-a-vis the late Holocene
record of the region is less certain. Tide-gauge
records for rates of sea-level rise in the Bay dur
ing this century, averaging between 3.3 to 3.9
mm y -, depending on the region considered
(STEVENSON et al., 1986), clearly diverge
from the picture of relatively slow rates of rise
(~ 12 to 15 cm per century) over the last several
millennia portrayed in available sea-level
curves (NEWMAN et al., 1980). It is tempting
to view the present trend as marking a sharp
upward inflection in the long-term rate, and as
yet another local example of global warming
due to anthropogenic modifications of the
atmosphere. But such an interpretation must
be viewed cautiously when considering sea
level changes along a subsiding coast. With
respect to Chesapeake Bay, the present rate of
submergence due to subsidence alone (- 1.6 to
> 2 mm yr' '; HOLDAHL and MORRISON,
1974; BROWN, 1978) exceeds both the long
term rate of 1.2 mm yr-' for the mid-Atlantic
region over the last several millennia (cf.
KRAFT et al., 1987) as well as the best esti
mates for global sea-level rise during this cen
tury, ranging from 1.2 to 1.4 mm yr " 1 (GOR·
NITZ and LEBEDEFF, 1987; BARNETT, 1983).

Thus, explaining the abrupt rise in sea level
in the Chesapeake Bay since the middle of the
19'h Century cannot be done by invoking purely
eustatic sea-level rise. Its origins at least must
partly lie in enhanced rates of subsidence, insti
gated by processes that operate at timescales
far too short for the classic long-term isostatic
and neotectonic mechanisms of subsidence of
the U.S. middle Atlantic Coast (cf. CRONIN,
1981). A leading probable factor is subsidence
from over-pumping of surficial aquifers. On a
global or major coast-wide basis, the impor
tance of anthropogenic withdrawal of ground
water may be a negligible factor, but not in sea
level studies near major population centers
especially along the U.S. Atlantic seaboard, as
Savannah, Georgia demonstrates (GORNITZ
and LEBEDEFF, 1987; BRAATZ and AUBREY,
1987).

DAVIS (1987) recently has documented con
siderable subsidence from large-scale ground
water withdrawal in the lower Chesapeake Bay
(and broad areas of the Atlantic Seaboard) since
early in this century. Locally, high rates of
head decline in this area (e.g., Portsmouth)
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TIMING OF LOSS OR ABANDONMENT
OF MARYLAND EASTERN BAY ISLANDS

DUE TO EROSION

While Powell s Island1------
, Hollands Island

Bdllerl Island

James Island

Lower Hoopers Island

Bloodsworth Island

Royston Island

Hambleton Island

Sharp s Island

? Lost

Abandoned

Abandoned

Abandoned

Abandoned

Abandoned

Lost

Lost

Lost

t Abandoned

1800 1850 1900

Years

1950

Figure 5. Timing of abandonment and/or disappearance of several major inhabited bay islands along Maryland's Eastern Shore.

have produced an overall subsidence of almost
22 em since 1918. Elsewhere use of groundwa
ter from lower Cretaceous aquifers also has
been extensive, particularly along the southern
Delmarva Peninsula, beginning with vegetable
and seafood canning operations in the late 19th
Century and expanding with development of
poultry operations since the 1950s. It is difficult
to estimate the actual rates of sediment com
paction in this locality from head decline
because few data are available. But it is per
haps not coincidental that the timing of initial
canning operations corresponds to the rapid
acceleration in shore erosion of local Bay

islands as well as increased rates of local marsh
loss (KEARNEY et al., 1988).

A more speculative factor has been the con
tribution of river sediment loading to subsi
dence by isostatically downwarping of the
Chesapeake basin. NEWMAN et al. (1980) sug
gested this subsidence mechanism as a possible
cause for the anomalously high rates of sub
mergence in Delaware Bay. Recent estimates
for sediment budgets in the Virginia and Mary
land portions of Chesapeake Bay indicate a net
deposition of 800 x 106 metric tons of sediment
over the last century (BYRNE et al.., 1982;
KERHIN et al., 1987). Studies of the general
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Figure 6, Tide-gauge record mean sea level changes for Baltimore, Maryland since 1900 (data from Lyles et al., 1988),

history of anthropogenically-induced valley
alluviation and sediment yields in the Southern
Piedmont (TRIMBLE, 1974) as well as long
term subtidal sedimentation rates in Chesa
peake Bay tributaries (BRUSH, 1984) docu
ment that massive river sediment loading of the
Western Shore tributaries and the Bay's upper
reaches has largely occurred since the latter
half of the 19 t h Century. This relatively short
period is nonetheless sufficient to produce sig
nificant isostatic adjustment to such a substan
tial static load as indicated by dramatic rates of
subsidence (up to 17 em) that resulted from
water loading at Lake Meade in less than two
decades (cf. BLOOM, 1967).

As with the influence of groundwater with
drawal, the ultimate contribution of river sed
iment loading to recent subsidence is difficult to
assess at present. Sediment deposition (i.e., the
load) in Chesapeake Bay has not been uniform
either temporally or spatially. SCHUBEL and
CARTER (1984) have underscored the episodic
nature of major fluvial sediment inputs into the
Bay, showing that most of the recent sediment
deposition was the result of one event, Tropical
Storm Agnes in 1972. Some question also exists
as to the accuracy of the present mapping of
areas of sinks or scour, particularly in the
Maryland portion of the Bay (OFFICER et al.,
1984). Further refinement moreover is needed

in the geodetic levelling net of the area (cf.
HOLDAHL and MORRISON, 1974). However,
the very enormity of the sediment load to the
Chesapeake Bay within the last century-and-a
half suggests a probable factor in the present
sea level rise of the Chesapeake Bay that is too
large to ignore.

CONCLUSIONS

Analyses of long-term changes in rates of
marsh accretion and bay island land loss (shore
erosion) along the Eastern Shore of Chesapeake
Bay reveal that the present rapid submergence
ofthe area began in the 19 t h Century. However,
most of the increase in the local rate of sea-level
rise largely dates from the last several decades
of the present century. Tide-gauge records show
that the average rate of sea-level rise in the
Bay over this most recent period has been more
than double the long-term trend of the last sev
eral thousand years.

The significance of the present rate of sea
level rise in the Chesapeake Bay with respect
to the late Holocene sea-level record of the area
is not clear. Unquestionably, global eustasy has
played a role, but the estimated magnitudes of
this increase are insufficient to account for the
observed local trends (see PIRAZZOLI, 1989).
Enhanced recent rates of subsidence from
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anthropogenic factors may account for most of
the remaining variation, but determining their
proportional contribution will be difficult until
more studies of the effects of groundwater with
drawals and sediment loading are undertaken
in this region.

ACKNOWLEDGEMENTS

We thank Larry Ward, Lorie Staver, Sara
Koch, Jane Nussbaum, and Scott Lawson for
assistance in the fieldwork and laboratory anal
yses. The radionuclide analyses were carried
out by Dr. Donald Rice, Chesapeake Biological
Laboratory, Solomons, Maryland. This study
was funded in part by a grant from the Estua
rine Reserve Research Program of the National
Oceanic and Atmospheric Administration
(NOAA).

LITERATURE CITED

ALLEN, J.R.L., and RAE, J.E., 1988. Vertical salt
marsh accretion since the Roman Period in the Sev
ern Estuary, Southwest Britain. Marine Geology,
83, 225-235.

BARNETT, T.P., 1983. Recent changes in sea level
and their possible causes. Climate Change, 5, 15-38.

BLOOM, A.L., 1967. Pleistocene shorelines: a new
test of isostasy. Geological Society ofAmerican B ul
letin, 78, 1477-1494.

BRAATZ, B.V., and AUBREY, D.G., 1987. Recent rel
ative sea-level change in eastern North America.
In: D. Nummedal, O.H. Pilkey, and J.D. Howard
(eds.), Sea-Level Fluctuation and Coastal Evolution,
Tulsa, Oklahoma: Society Economic Paleontologists
Mineralogists Special Publication No. 41, pp. 29-48.

BROWN, L.D., 1978. Recent vertical crustal move
ment along the east coast of the United States. Tec
tonophysics, 44, 205~231.

BRUSH, G.S., 1984. Patterns of recent sediment accu
mulation in Chesapeake Bay tributaries. Chemical
Geology, 4, 227-242.

BRUSH, G.S.; MARTIN, E.A.; DEFRIES, R.S., and
RICE, C.A., 1982. Comparison of Pb-210 and pollen
methods for determining rates of estuarine sedi
ment accumulation. Quaternary Research, 18, 196
217.

BRYNE, R.J.; HOBBS, C.H., III, and CARRON, M.J.,
1982. Baseline Sediment Studies to Determine Dis
tribution, Physical Properties, Sedimentation Bud
gets and Rates in the Virginia Portion of the Ches
apeake Bay. Virginia Institute of Marine Science,
College of William and Mary, Gloucester Point, Vir
ginia.

CONKWRIGHT, R.D., 1975. Historical Shorelines
and Erosion Rate Atlases. Maryland Geological Sur
vey, 4 vols.

CRONIN, T.M., 1981. Rates and possible causes of
neotectonic vertical crustal movements of the

emerged southeastern United States Atlantic
Coastal Plain. Geological Society ofAmerica Bulle
tin, 92, 812-833.

DAVIS, G.H., 1987. Land subsidence and sea level
rise on the Atlantic Coastal Plain of the United
States. Environmental Geology and Water Science,
10,67-80.

DELAUNE, R.D.; BAUMANN, R.H., and GOSSE
LINK, J .G., 1983. Relationships among vertical
accretion, coastal submergence, and erosion in a
Louisiana Gulf Coast marsh. Journal of Sedimen
tary Petrology, 53, 147-157.

FAURE, G., 1986. Isotope Geology. New York: Wiley,
589p.

FINKELSTEIN, K., and HARDAWAY, C.S., 1988.
Late Holocene sedimentation and erosion of estua
rine fringing marshes, York River, Virginia. Jour
nal of Coastal Research, 4, 447-456.

FLYNN, W.W., 1968. Determination of low levels of
Polonium-210 in environmental materials. Annals
de Chimica Acta, 43, 221-227.

FOLK, R.L., 1974. Petrology of Sedimentary Rocks.
Austin, Texas: Hemphill Co., 182p.

FROOMER, N .L., 1980. Sea level changes in the Ches
apeake Bay during historic times. Marine Geology,
36, 289-305.

GORNITZ, V., and LEBEDEFF, S., 1987. Global sea
level changes during the past century. In: D. Nurn
medal; O.H.Pilkey, and J.D. Howard, (eds.), Sea
Level Fluctuation and Coastal Evolution. Tulsa,
Oklahoma: Society of Economic Paleontologists and
Mineralogists Special Publication No. 41, pp. 3-16.

GRIBBIN, J. and LAMB, H.H., 1977. Climatic change
in historical times. In: J. Gribbin, (ed.), Climatic
Change. Cambridge: Cambridge University Press,
pp. 68-82.

GROVE, J.M., 1988. The Little Ice Age. New York:
Methuen, 498p.

HANSEN, J.; GORNITZ, V.; LEBEDEFF, S.; LEE, P.,
and MOORE, E., 1983. Global mean sea level: indi
cator of climate change? Science, 219, 996-997.

HARRISON, S.A., 1915. History of Talbot County,
Maryland, Vol. 2. Baltimore: Williams and Wilkins,
573p.

HOLDAHL, S.R., and MORRISON, N.L., 1974.
Regional investigations of vertical crustal in the
U.S., using precise relevelings and mareograph
data. Tectonophysics, 23, 373-390.

HORNER, R.W., 1972. Current proposals for the
Thames Barrier and the organization of the inves
tigations. Philosophical Transactions of the Royal
Society (Lond.) A, 272, 179-185.

KEARNEY, M.S.; GRACE, R.E., and STEVENSON,
J.C., 1988. Marsh loss in Nanticoke estuary, Ches
apeake Bay. Geographical Review, 78, 205-220.

KEARNEY, M.S., and WARD, L.G., 1986. Accretion
rates in brackish marshes of a Chesapeake Bay
estuarine tributary. Gee-Marine Letters, 6, 41-49.

KERHIN, R.T.; HALKA, J.P.; WELLS, D.V.; HEN
NESSEE, E.L.; BLAKESLEE, P.J.; ZOLTAN, N.,
and CUTHBERTSON, R.H., 1988. The Surficial
Sediments of Chesapeake Bay, Maryland: Physical
Characteristics and Sediment Budget. Department

Journal of Coastal Research, Vol. 7, No.2, 1991



Sea-Level Change in Chesapeake Bay 415

of Natural Resources Report of Investigations No.
48, Baltimore, Maryland.

KRAFT, J.C.; CHRZASTOWSKI, M.J.; BELKNAP,
D.F., and TOSCANO, M.A., 1987. The transgressive
barrier-Iagoon coast of Delaware: morphostratig
raphy, sedimentary sequences and responses to rel
ative rise in sea level. In: D. Nummedal; O.H.
Pilkey, and J.D. Howard, (eds.), Sea-Level Fluctua
tion and Coastal Evolution. Tulsa, Oklahoma: Soci
ety of Economic Paleontologists and Mineralogists
Special Publication No. 41, pp. 129-144.

LOMAX, K.M., and STEVENSON, J.C., 1982. Diffuse
Source Loadings from Flat Coastal Plain Water
sheds: Water Movement and Nutrient Budgets. Tide
water Administration, Maryland Dept. Natural
Resources, Annapolis, Maryland, 45p.

LYLES, S.D.; HICKMAN, L.E., JR., and DEBAUGH,
H.A., 1988. Sea Level Variations for the United
States, 1855-1986. Rockville, Maryland: National
Ocean Survey, National Oceanic and Atmospheric
Administra tion, U.S. Department of Commerce,
182p.

MANLEY, G., 1974. Central England temperatures:
monthly means 1659-1973. Quarterly Journal Royal
Meteorological Society, 100, 389-405.

MEADE, R.H., and TRIMBLE, S.W., 1974. Changes in
sediment loads in rivers of the Atlantic drainage of
the United States since 1900. Proceedings Paris
Symposium IAHS-AISH Publication, 113,99-104.

MEIER, M.F., 1984. Contribution of small glaciers to
global sea level. Science, 226, 1418-1421.

MORNER, N.-A., 1973. Eustatic changes during the
last 300 years. Palaeogeography, Palaeoclimatology,
Palaeoecology, 13, 1-14.

MOWBRAY, C.W., 1981. The Dorchester County Fact
Book. Privately published, 29p.

NEWMAN, W.S.; CINQUEMANI, L.J.; PARDI, R.R.,
and MARCUS, L.F., 1980. Holocene delevelling of
the United States East Coast. In: N.-A. Marner,
(ed.), Rheology, Isostasy and Eustasy. New York:
Wiley, pp. 449-463.

NATIONAL ACADEMY OF SCIENCES, 1987.
Responding to Changes in Sea Level. Washington,
D.C.: National Academy of Sciences Press, 148p.

OFFICER, C.B.; LYNCH, D.R.; SETLOCK, G.H., and
HELZ, G.R., 1984. Recent sedimentation rates in
Chesapeake Bay. In: V.S. Kennedy, (ed.), The Estu
ary As A Filter. New York: Academic pp. 131-157.

PIRAZZOLI, P.A., 1989. Present and near-future
global sea-level changes. Palaeogeography, Palaeo
climatology, Palaeoecology, 75, 241-258.

PORE, A., 1960. Chesapeake Bay hurricane surges.
Chesapeake Science, 1, 178-186.

SCHUBEL, J.R., and CARTER, H.H., 1984. The estu
ary as a filter for fine-grained suspended sediment.
In: V.S. Kennedy, (ed.), The Estuary As A Filter.
New York: Academic Press, pp. 81-105.

SINGEWALD, J., and SLAUGHTER, T.H., 1949.
Shore Erosion and Measurement in Tidewater Mary
land. Maryland Department of Geology Mines and
Mineral Resources Bulletin 6, 118p.

STEVENSON, J.C.; WARD, L.G., and KEARNEY,
M.S., 1986. Vertical accretion rates in marshes with
varying rates of sea-level rise. In: D.A. Wolfe, (ed.),
Estuarine Variability. New York: Academic, pp.
241-259.

STEVENSON, J.C.; WARD, L.G., and KEARNEY,
M.S., 1988. Sediment transport and trapping in
marsh systems: implications of tidal flux studies.
Marine Geology, 80, 37-59.

TRIMBLE, S.W., 1974. Man-induced Soil Erosion on
the Southern Piedmont 1700-1970. Washington,
D.C.: Soil Conservation Society of America, 180p.

WARD, L.G.; KEARNEY, M.S., and STEVENSON,
J.e., 1988. Assessment of Marsh Stability at the
Estuarine Sanctuary Site at Monie Bay, Implications
for Management. Final Completion Report, Estua
rine Sanctuary Program, National Oceanic and
Atmospheric Administration, Washington, D.C.,
78p.

o RESUMEN 0
Los cambios a largo plazo en los niveles de deposici6n vertical de los pantanos basados en la reconstruccion geotecno16giea e
historica del polen y los radionucleidos de las perdidas de tierras en islas de bahtas se usaron para estudiar los cambios en el nivel
del mar en la Bahia de Chesapeake desde los tiempos coloniales. Estas mareas sugieren que la inmersi6n rapida de la region de
la Bahia documentadas en las lecturas de los sen sores locales medidores de las mareas, esencialmente data de principios del siglo
XIX. Por el contrario, el nivel del mar aument6 a 10 largo de los siglos XVII y XVIII con relativa lentitud. La perdida de tierras
y los indices de deposicion vertical en los pantanos se han ido acelerando desde finales del siglo XIX. Este tipo de eambios del
nivel del mar en la Bahia de Chesapeake se eorresponde con los cambios generales en la climatologia global de los ultimos siglos,
asociados a la "Little Ice Age." Sin embargo, la eustasia global no puede tener en cuenta un alto porcentaje de las actuales ten
dencias del nivel marino e la Bahia. Nosotros suponemos que un aumento de los niveles de descenso del suelo a partir de la retirada
antropogenica de las aguas terrestres y la carga de sedimentos son otros faetores mejora que deben ser tenidos en euenta para el
alto indice de sumergencia, especiialmente de la regi6n de Mid-Chesapeake.-Department of Water Sciences, University of San
tander, Cantabria, Spain.

o RESUME 0
La palynologie, la geochronologic des radionucleides et la reconstitution historique permettent de connaitre a long terme les
changements des taux d'accretion verticale des marais. Cette methode a ete appliquee depuis I'epoque coloniale ala baie de Ches
apeake. La rapide submersion de la baie, visible Bur les enregistrements de maregraphes, ne date que du debut du 19 erne siecle,
alors que la montes du niveau de la mer avait ete relativement lente aux 17 erne et 18 erne aiecles. Les pertes de terrain et
l'accretion verticale des marais se sont ensuite accelerees jusqu'a la fin du 19 erne. Cet ensemble de modifications du niveau de
la mer en baie de Chesapeake correspond a la modification globale du clirnat des siecles derniers associee au "Petit Age Glaciaire."
Neanmoins, l'eustasie globale ne contribue que peu aux variations actuelles du niveau de la mer dans la baie. On peut supposer
que la subsidence a ete accrue par les retraits anthropogenes de la nappe phreatique et par les charges sedimentaires qui sont
d'autres facteurs qui interviennent en faveur d'une forte submersion, surtout dans la region du moyen Chesapeake.-Catherine
Bousquet-Bressolier, Geomorpholgie EPHE, Montrouge, France.
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