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Table 5. Percentages of foraminifera on the modern surface of Grand Marsh, Gouldsboro, northern, more bayward, transect. Liv.
= living individuals; Tot. = living and dead individuals. x = less than 1%.

Sample Site
1 2 3 4 5 6 7 8 9
MHW Elevation (m):  0.38 0.25 0.25 0.08 0 —0.08 ~0.18 —0.62 -1.59
Distance Along Transect (m): 6 32 30 34 36 38 40 45 53
Individuals per 10 cc: 1,920 2,202 1,818 1,958 92 2,816 2,920 191 81
Ammotium salsum Liv. 2
Tot. 1 20 X 11 6
Arenoparella mexicana Liv. 1
Tot. 1
Elphidium williamsoni Liv. 2
Tot. 2
Miliammina fusca Liv. 4 11 11 36 18 9
Tot. 21 5 8 36 37 89 83 57
Pseudothurammina Liv. 1
limnetis Tot. 1 1 1 1 3 5
Tiphotrocha comprimata Liv. 1 5 10 2 1
v Tot. 6 10 20 3 1
Trochammina inflata Liv. 10 25 25 44 8 20 3 1
Tot. 36 44 43 70 14 42 6 1 11
Trochammina macrescens  Liv. 4 10 16 6 8 11 2
forma macrescens Tot. 37 39 37 18 24 19 5 2
Trochammina macrescens  Liv.
forma polystoma Tot. 1 10
Calcareous, unidentified Liv. 4 11
Tot. 4 11

turbance of this part of the marsh. Zone 1B, with
the marked peak of Tiphotrocha comprimata in
Sample 5, extends down to 0.06 m above MHW.
Sample 8, with increased abundance of Miliam-
mina fusca, indicates a transition to Zone 2A.
Note the occurrence of Arenoparrella mexicana
in Sample 4, a species common in southern New
England (Jones and CAMERON, 1987; ScoTT and
LECKIE, 1990).

DISCUSSION

Vertical ranges of salt-marsh plant species and
foraminiferal faunal zones are summarized in Fig-
ure 8. Salt-marsh plants have larger and more
variable vertical ranges than foraminifera, mak-
ing them less attractive as sea-level indicators. A
possible exception is the Spartina patens/Spar-
tina alterniflora boundary which is found be-
tween 1 cm above and 14 ¢cm below MHW on the
modern marsh surface when bordering tidal flats.
Along creeks the elevation of this boundary is
much more variable. Generally, Spartina patens
grows approximately from slightly below MHW
to MHHW. Juncus sp. and Solidago sp. are found
around and above MHHW. Identification of plant

remains, especially in highly macerated peats, can
be problematical. An advantage of using plant
remains is that they can be identified with the
naked eye.

The correlation between foraminiferal zones and
elevation above a chosen tide level allows the use
of fossilized foraminiferal assemblages as accurate
altitudinal indicators in marsh sediments (ScoTT
and MepioLl, 1978, 1986). Foraminifera are ex-
cellent sea-level indicators in Maine, due to low
species diversity and narrow modern vertical
ranges. Foraminiferal analyses are time-consum-
ing but large numbers of preserved agglutinated
foraminifera in peats make possible statistical
analyses (ScorT and MebioLi, 1978). The fora-
miniferal assemblage of Zone 1A (an almost
monospecific Trochammina macrescens assem-
blage) is a useful sea-level indicator for two rea-
sons. First, this faunal zone has a vertical range
of only ~20 cm. In Maine, Zone 1A occurs some-
where between 40 and 93 cm above MHW. In the
Little River marsh, Wells and Sanborn Cove
marsh, Machiasport (tidal ranges 2.62 and 3.84
m, respectively), Zone 1A was found at approxi-
mately the same elevation above MHW (Figure
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Figure 5. Surficial vertical zonation of foraminifera in Morse
River marsh, Phippsburg, with ranges of dominant plants.

8). By comparison, ScorT and MEbpioL1 (1978)
found Zone 1A restricted to a 6 cm vertical range
along the upper marsh edge in Nova Scotia, and
the absolute elevation of zone 1A above MHW
appears to be independent of the tidal range. Sec-
ond, Zone 1A is found along the landward edge
of the marsh. The fossilized assemblage of Zone
1A found in salt-marsh peats represents the initial
marine incursion and often directly overlies an
incompactible (often Pleistocene) substrate. Plant
fragments obtained from this basal peat are the
ideal material for dating because the peat would
not be vertically displaced by autocompaction
(KAYE and BARGHOORN, 1964).

An alternative to using the entire vertical range
of assemblage zones as sea-level indicators is using
their boundaries instead. ScorT and MEDIOLI
(1978, 1980a) claim that the upper boundary of
Zone 1A is indicative of HAT with a precision of
+5 cm. However, because this boundary is seldom
found directly overlying an incompactible sub-
strate, a compaction error is usually introduced.
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Figure 6. Surficial vertical zonation of foraminifera along mid-
marsh transect, Little River marsh, Wells, with ranges of dom-
inant plants.

In Maine, the upper boundary of Zone 1A is only
present in cores when the basal peat is a fresh-
water peat. When the basal peat is a salt-marsh
peat, which is often the case, the entire vertical
range of Zone 1A, rather than its upper boundary,
must be used for paleo-tide level estimation.
Other faunal boundaries may be more easily
found in cores. On the modern marsh surface, the
Zone 1A/1B boundary can be estimated within
precisions of +6 cm along the upper marsh tran-
sect in the Little River marsh, +4 cm along the
Morse River marsh transect, =1 cm along the
southern transect in Grand Marsh, and +3 cm
along the Sanborn Cove marsh transect. The pre-
cision of the Zone 1B/2A boundary is +3 cm along
the Little River marsh-edge transect, +2 cm along
the Morse River marsh transect, =4 cm along the
Grand Marsh southern transect, =9 cm along the
Grand Marsh northern transect, and +7 cm along
the Sanborn Cove transect. The upper limit of
Miliammina fusca can be located along the tran-
sects within 10 cm. However, these precisions are
based on measurements along single transects. In
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Table 6. Percentages of foraminifera on the modern surface of Morse River marsh, Phippsburg. Liv. = living individuals; Tot. =

living and dead individuals. x = less than 1%.

Sample Site
1 2 3 4 5 6 7 8
MHW Elevation (m): 0.55 0.46 0.39 0.32 0.27 0.23 0.21 0.18
Distance Along Transect (m): 0 15 25 40 52.5 60 90
Individuals per 10 cc: 142 1,370 5,856 3,232 4,608 7,104 3,616 4,224
Haplophragmoides Liv. 2 3
manilaensis Tot. 19 7 1 X
Miliammina fusca Liv. 1 X 7
Tot. 1 3 5 2 4 34
Pseudothurammina Liv. 1 1 1 2 3
limnetis Tot. 1 1 2 17 1 10
Tiphotrocha comprimata  Liv. 4 9 6 17 2 7 8
Tot. 1 18 29 35 35 11 19 23
Trochammina inflata Liv. 1 4 7 7 22 5
Tot. 1 20 11 48 20 54 61 23
Trochammina macrescens Liv. 28 17 12 12 6 6 2
forma macrescens Tot. 97 43 52 11 23 31 16 9
Table 7. Percentages of foraminifera on the modern surface of Little River marsh, Wells, mid-marsh transect. Liv. = living
individuals; Tot. = living and dead individuals. x = less than 1%.
Sample Site
1 2 3 4 5 6 7 8
MHW Elevation (m): 0.18 0.09 0.03 ~0.01 -009  -017  -0.24 ~0.23
Distance Along Transect (m): 0 20 25 40 55 62.1 66 68.4
Individuals per 10 cc: 6,464 5,728 11,680 17,408 8,640 11,232 5,312 4,176
Ammotium salsum Liv.
Tot. x
Arenoparella mexicana Liv.
Tot. X
Astrononion sp. Liv. x
Tot. x
Cibicides sp. Liv.
Tot. 1 X
Eggerella advena Liv.
Tot. 1
Elphidium subarcticum Liv.
Tot. 1 x
Elphidium williamsoni Liv. 1 b
Tot. x 2 2
Haplophragmoides Liv.
manilaensis Tot. x
Miliammina fusca Liv. 18 1 20 3 9 9 10
Tot. 60 51 95 89 85 84 61 72
Pseudothurammina Liv. 1
limnetis Tot 1 X X
Tiphotrocha comprimata  Liv. 2 [} 1 x 1
Tot 7 13 3 4 1 1 2 1
Trochammina inflata Liv. 5 8 1 1 1 6 12 3
Tot. 26 31 1 5 7 10 22 15
Trochammina macrescens Liv. 1 1 X X 1 5 3
forma macrescens Tot. 7 4 1 2 6 4 10 9
Calcareous, unidentified Liv.
Tot. x
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Figure7. Surficial vertical zonation of foraminifera along marsh-
edge transect, Little River marsh, Wells, with ranges of domi-
nant plants.

fact, elevations of faunal boundaries show vari-
ability within marshes. For example, in Grand
Marsh the Zone 1B/2A boundary occurs at 41 +
4 cm above MHW along the southern, more land-
ward, transect and at 16 =+ 9 cm above MHW
along the northern transect close to the tidal flat
(Figures 3, 4, 8). The accuracy of using a zone
boundary as a sea-level indicator at any location
within a marsh is estimated at +£15 cm, provided
that the site where the modern foraminifera dis-
tribution is investigated provides a reasonable an-
alog for the paleo-setting. When cores are col-
lected close to where the zonal boundary is
established on the modern surface the accuracy
may be even better.

A third way of using salt-marsh foraminifera as
sea-level indicators is looking at peak abundances.
Tiphotrocha comprimata is characteristic of fau-

nal Zone 1B, which has a vertical range of ~40
cm. However, the middle of Zone 1B is often char-
acterized by peak abundances of Tiphotrocha
comprimata, ranging from 28% of the total pop-
ulation in Grand Marsh to 80% in Little River
marsh. This peak indicates a tide-level position
with an average precision of +6.5 cm between
MHW and MHHW along the modern transects
(% 4 cm in Little River and Grand marshes; + 8
c¢m in Morse River marsh; + 10 in Sanborn Cove
marsh). Within-marsh variability reduces the
precision to an estimated +15 cm.

APPLICATION: A LATE HOLOCENE
RELATIVE SEA-LEVEL HISTORY FOR
EASTERN MAINE

The peats from which plant fragments are AMS-
dated contain fossil foraminifera in assemblages
that are similar to those found on the present
marsh surface. The correlation between modern
populations of foraminifera and tidal elevations
determines the paleotide-level relationships of
fossil marsh peats, or their indicative meaning
(VAN DE PLASSCHE, 1986), defined as ‘“the rela-
tionship of the environment in which [the peat]
accumulated to a reference tide level” (SHENNAN,
1986).

Four vibracores were collected in Sanborn Cove
marsh. The stratigraphy shows a thick high marsh
peat section that has been spared from erosion by
a meandering tidal creek (Figure 9). The base of
the peat is almost 5,000 years old in one core,
suggesting that high marsh has been in existence
for a considerable time.

A sea-level chronology for eastern Maine is based
on four basal and two in-core accelerator mass
spectrometry “C ages on small detrital plant frag-
ments (Table 9). The peats in which the basal
plant fragments were embedded contain forami-
niferal assemblages characteristic of Zone 1A
(97%-99% Trochammina macrescens forma ma-
crescens; Table 10; index points 1-4). The modern
faunal Zone 1A lies 50-68 cm above MHW (Figure
2, Table 3). Neglecting tidal range changes, this
places paleo-MHW at 50-68 cm below the basal
peats whose depths are measured relative to the
modern MHW (Figure 10).

To constrain the sea-level history after 2,500
BP, basal peat dates are not available. Using in-
core peat samples introduces a small compaction
error. KELLEY et al. (in press) suggest that the
low organic component of the ‘peats’ (< 10% by
dry weight) reduces its compactability and that
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Table 8. Percentages of foraminifera on the modern surface of Little River marsh, Wells, marsh-edge transect. Liv. = living
individuals; Tot. = living and dead individuals. x = less than 1%.

Sample Site
1 2 3 4 5 6 7 8
MHW Elevation (m): 0.64 0.55 0.46 0.34 0.27 0.17 0.09 0.03
Distance Along Transect (m): 0 5 10 15 17.2 20 22.5 25
Individuals per 10 cc: 4 165 2,464 2,160 3,072 4,928 3,296 2,560
Arenoparella mexicana Liv. 1
Tot. 4
Haplophragmotides Liv. X
manilaensis Tot. 2 1 3 1 1
Miliammina fusca Liv. 4
Tot. 3 2 x 1 9 24
Pseudothurammina Liv. 2 2
limnetis Tot. 18 14
Tiphotrocha comprimata  Liv. 1 X 7 12 8
Tot. 1 7 40 80 38 43 11
Trochammina inflata Liv. { 1 3 8 18
Tot. 75 1 5 16 17 14 41
Trochammina mdcrescens Liv. 9 9 5 b3 11 17 12
forma macrescens Tot. 25 74 77 46 4 44 35 24

ice-loading in the winter season ‘pre-compacts’
the peats. By comparison, McCAFFREY and
Tromson (1980) concluded that even in the more
organic marshes in Connecticut compaction is in-
significant in the upper meter. In this study, shal-
low in-core peats are estimated to have been com-
pacted by 0-10% of the original peat thickness.
Two foraminifera samples associated with in-core
14C-sample BETA-57808/CAMS-4610 (index point

5) contain a Zone 1B assemblage and a 1A assem-
blage, respectively. The Zone 1A/1B faunal
boundary is indicative of an elevation of 48-53
cm above MHW. Sample BETA-57809/CAMS-
4622 (index point 6) has a Zone 1B assemblage in
two associated foraminifera samples with high
percentages of Tiphotrocha comprimata (30-50
cm above MHW).

Sea-level points in Figure 10 are represented as

3
cA 3 B Grand
2.5 E_ wouth noni™JAL Webhannet LUE  Morse Marsh sy
- ) = a4 H - .
E r |:n;|r1\’h mid- ) AW ] B ; - Ri\‘el‘ Rl;/CIh RIVCI‘ MHRW
P s B edge  marsh | | 3 E marsh mars marsh
g - MUHW A 1B 2A — - \Hew, NHHW -t MHW
< - MHHW —— 1 B ! MHW
—zz J S AW M 2A 2B . C MIns \.1““[ . i
S _E 2AT2B 2A MW 2B 5 - MHW COV(:‘h
- - mars
(>3 1 —E 3 F W Spartina patens
z C 3 E ] Juncus sp.
0.5 E- Liule River Morse River Grand | Sanborn— [ sotidago sp.
E marsh matsh Marsh | Cove = E wit MIL
0 C marsh 4 £ —— . e Ll MTL

Figure 8. A. Elevations of foraminiferal faunal zones (subdivision after Scorr and Mepiorl, 1978) in four Maine salt marshes
relative to the National Geodetic Vertical Datum of 1929 (NGVD-29). MHW (mean high water) is local botanical datum. MHHW
(mean higher high water) is open-coast value (NOAA/NOS, 1991). B. Elevations of high marsh plants in five Maine salt marshes
relative to NGVD-29. MTL (mean tide level), MHW, and MHHW are open-coast values (NOAA/NOS, 1991; NOS, written comm.
1992). Data from Table 2. See Figure 1 for locations: Little and Webhannet River marshes are in Wells; Morse River marsh in
Phippsburg; Grand Marsh in Gouldsboro; and Sanborn Cove marsh in Machiasport.
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Vertical lines are vibracores. Though much of the record has
been destroyed by channel meandering, this section shows ev-
idence that high marsh was established shortly after 5,000 BP.
After GEHRELS and BELKNAP (1993, Figure 2A).

error boxes. The age in “C years +20¢ controls the
size of the box in the x direction. In the y direction,
the indicative range as deduced from foraminifera
analyses (Table 10) and the precision estimate of
the local MHW datum (Table 1) determine the
size of the box. The true sea-level curve should
lie within the envelope enclosing the error boxes.
This analysis ignores additional errors that may
arise from uncertainties related to elevation mea-
surements. These may include measurement of
depth in a borehole, potential angle of a borehole,
measurement of compaction with uncompacted
hand core, surveying to benchmark, accuracy of
benchmark elevation relative to NGVD, and mea-
surement of water-level relationship of modern
sea-level indicators (see also: SHENNAN, 1982). The
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Figure 10. Mean high water (MHW) envelope for Sanborn
Cove marsh, Machiasport. The error boxes represent two stan-
dard deviations of the age (x direction) and the paleo-MHW
estimate with associated uncertainties (y direction). Index num-
bers correspond with Tables 9 and 10. Dashed line is average
MHW curve for coastal Maine (1.44 mm/“C yr), proposed by
BELKNAP et al. (1989).

total uncertainty resulting from these factors is
probably on the order of +20 cm (GEHRELS, 1994).
The envelope also does not take into account
changes in paleo-tidal range (ScorT and GREEN-
BERG, 1983; GEHRELS et al., 1993).

Radiocarbon ages were calibrated into calendar
years using the computer program of STUIVER and
REIMER (1986, 1993). Two linear regressions, on
the upper three (index points 4, 5, 6, plus the
origin) and the lower four samples (index points
1, 2, 3, and 4) respectively, yield average rates of

Table 9. Accelerator mass spectrometry ages on salt marsh peats from Sanborn Cove marsh, Machiasport, and Grand Marsh,
Gouldsboro. Index point numbers correspond with Figure 10. comp. = compaction; MHW = local mean high water (botanical
datum); B = basal; plant fr. = unidentified plant fragment; detr. = detrital; S.a. = Spartina alterniflora; S.p. = spartina patens;

Sc. = Scirpus sp.

Index
Point MHW 1“C age Max.
Laboratory  Num- Depth BP + Comp.  Calibrated Age (cal yr BP) Material
Number ber Core (m) 1o (m) + 1o Range (calculated age) 1C Analyzed
AA-8210 1 SN-VC-1 3.98-4.00 4,795 + 80 0 5,335-5,642 (5,491, 5,513, 5,577) —28.0 B. plant fr.
AA-8211 2 SN-VC-2 3.06 4,075 + 75 0 4,447-4,817 (4,559, 4,598, 4,600) No data B. detr. S.a.
AA-8941 3 SN-VC-3 1.97 3,010 = 70 0 3,073-3,330 (3,179, 3,209) —15.7 B. detr. S.a.
AA-8942 4 SN-VC-4 0.77 2,540 + 110 0 2,369-2,756 (2,719) —28.7 B. plant fr.
BETA-57808 5 SN-VC-1 0.27-0.28 490 + 70 0.06 496-545 (517) —-19.4 detr. S.a.
CAMS-4610
BETA-57809 6 SN-VC-1 0.80-0.83 1,070 + 90 0.11 922-1,062 (961) -16.8 detr. S.p. +
CAMS-4622 Sc.

Journal of Coastal Research, Vol. 10, No. 4, 1994



Sea-level Rise and Tidal Wetlands 1005

Table10. Indicative meaning of AMS radiocarbon-dated plant fragments from Sanborn Cove peat samples. Paleo-MHW estimates
are based on modern relations between foraminifera assemblages and tide levels. See Table 9 for laboratory numbers, ages, and

cores from which the samples were collected.

Trocham-
Index Sample mina
Point MHW Number  macrescens Tipho-  Trocham- Miliam- Paleo-MHW
Num- Elev. of Fora- forma trocha com- mina mina Faunal Elevation
ber (m) minifera macrescens primata inflata fusca Others Zone (m)
1 —3.98 6,784 97 1 1 0 1 1A 0.50-0.68
2 —3.06 1,056 97 3 0 0 0 1A 0.50-0.68
3 -1.97 2,432 99 0 1 0 0 1A 0.50-0.68
4 —0.77 1,304 99 1 0 0 0 1A 0.50-0.68
5 —0.285 5,280 52 19 26 0 2 1B 0.48-0.53
—0.26 7,840 87 9 3 0 1 1A
6 -0.835 4,672 32 42 32 0 0 1B 0.30-0.50
—-0.81 5,184 71 25 4 0 0 1B

MHW.-rise in eastern Maine of ~1.0 mm/year be-
tween 5,500 and 2,500 cal yr BP and 0.5 mm/yr
during the past 2,500 calendar years. The enve-
lope indicates an acceleration of sea-level rise in
the past 1,000 years. A regression on index points
5 and 6, including the origin, gives a rate of rise
of 1.2 mm/yr for the late Holocene. More dates
are needed to firmly establish the past 2,000 years
of sea-level history at Machiasport.

The sea-level envelope for eastern Maine has
implications for neotectonic investigations in the
area, described in more detail in a separate paper
(GEHRELS and BELKNAP, 1993). BELKNAP et al.
(1989) determined an average rate of relative sea-
level rise of 1.44 mm/*“C yr between 5,000 and
1,500 BP for the Maine coast. Holocene sea-level
rise determined at Machiasport does not exceed
this rate (Figure 10). In contrast to suggestions
by previous workers (ANDERSON et al., 1984, 1989),
this work implies that vertical crustal motion has
not contributed significantly to relative sea-level
change in eastern Maine during the past 5,000
years (GEHRELS and BELKNAP, 1993).

CONCLUSIONS

Foraminifera are extremely useful as sea-level
indicators in Maine. The surficial zonation is sim-
ilar to those reported from southern New England
and the Canadian Maritimes. In most cases, fau-
nal assemblage boundaries and peak abundances
of Tiphotrocha comprimata indicate tide levels
in cores with a precision of =15 cm (or better) in
Maine. Faunal assemblage 1A occupies a vertical
range of ~20 cm in the extreme upper part of the
intertidal zone at an elevation between 40 and 93
cm above MHW (independent of tidal range).

Precisions compare favorably with other studies
in New England and the Canadian Maritimes,
except for the +5 c¢m precision claimed by ScoTT
and MEDpIoLI (1978, 1980a) for the upper bound-
ary of Zone 1A in Nova Scotia. Though ScoTT and
LeckIE (1990) could not distinguish between a
Zone 1A and 1B, they estimated that the Zone 1
assemblage is indicative of a tide-level position
between 0 and 22 ¢cm below HAT. It is important
to note, however, that precisions in the literature
usually refer to precisions along single transects.
Variability within a marsh may decrease the pre-
cisions claimed by various workers. Optimal pre-
cision is achieved when modern distributions are
related to tidal elevations as close as possible to
where they are used as sea-level indicators.

Foraminiferal studies are a useful tool in pro-
ducing precise Holocene sea-level chronologies.
When samples from basal peats are dated, the
indicative range of the foraminiferal assemblage
that is present in the basal peat determines the
relation of a sea-level point to a reference tide
level. Within a core, a faunal boundary may be
located yielding a higher precision for the paleo-
sea level estimate than faunal assemblages. In-
core peats are compacted, though compaction is
probably negligible in the upper meter of salt-
marsh peat in Maine.

In this study, foraminiferal analyses are used
to construct a sea-level chronology which yields
the middle and late Holocene long-term (102-10°
yr) average trend of sea-level change for eastern
Maine. Long-term rates of relative sea-level rise
were slow: 1.0 mm/yr between 5,500 and 2,500 cal
yr BP, and 0.5 mm/yr during the past 2,500 cal-
endar years. These rates are close to those of iso-
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statically and tectonically ‘stable’ coastlines, such
as south Florida (ScHoLL et al., 1969). It appears
that crustal subsidence has not played an impor-
tant role in the relative sea-level history of eastern
Maine during the past 5,000 years.

Marshes have been able to keep up with slow
long-term rates of sea-level rise in eastern Maine
throughout the past 5,000 years. Detailed fora-
miniferal stratigraphy will be a useful tool in de-
ciphering whether short-term accelerations, com-
parable to present rates of sea-level rise, have
occurred at any time in the Holocene history of
the marshes. In Connecticut, for example, VAREK-
AMP et al. (1992) identified from foraminiferal
analyses two periods before modern global warm-
ing during which sea-level rise accelerated and
plant communities were drastically altered
(THoMAS and VAREKAMP, 1991; VAN DE PLASSCHE,
1991). Marshes in Delaware were affected by a
rapid increase in sea-level rise around 1,800 BP,
as freshwater marsh environments changed into
high salt marsh, and high salt marsh changed into
low marsh or tidal flat (FLETCHER et al., 1993a).
At some time during the past 1,000 years, sea-
level may have accelerated in eastern Maine. This
acceleration would reconcile the apparent dis-
crepancy between long-term late Holocene rates,
determined from the salt-marsh record, and short-
term rates, indicated by tide gauges. Increased
flooding, correlated with climatic warming at the
end of the Little Ice Age, has been found in several
marshes in southern New England and England
(THoMAS et al., 1993) and in Chesapeake Bay
(KEARNEY and STEVENSON, 1991). If short-term
sea-level accelerations occurred in eastern Maine,
they apparently did not affect the plant com-
munities. A one-year sedimentation study in
Maine (Woobp et al.,, 1989) implies that many
marshes may, at least temporarily, not be keeping
up with accelerated rates of sea-level rise (LyLES
et al., 1988). However, the stratigraphic record
indicates that marshes in Maine may be able to
recover quickly, provided humans do not interfere
with natural sedimentation patterns.
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