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ABSTRACT

As peatlands form they create a temporal archive of community development,
allowing the reconstruction of vegetation dynamics through the analysis of ;edhnents and
development of detailed chronologies of successional changes. Peatland formation occurs
through two mechanisms: (i) terrestrialization, when a water body fills with sediments
and peat and (i) paludification, the gradual conversion of uplands to wetlands. General
models of peatland development suggest that high rates of evapotranspiration limit peat
accumulation in the temperate zone, and that the terrestrialization is the primary model
for peatland formation in the temperate northeastern United States. This study evaluates
these models by comparing the stratigraphies of three peatlands within the same climate
region in order to (i) describe the developmental pathways and timing of successional
events among the peatlands, (7)) document the relative role of paludification and
terrestrialization as developmental mechanisms, and (7if) investigate the sensitivity of
peatland development to regional climate change.

At three 10-ha forested peatlands in central New England a 25-m sampling grid
was installed. Basin morphometery was mapped, sediment stratigraphies were described, f

and chronologies of community change were determined through radiocarbon dating. The

results indicate that peatland development involved both terrestrialization and
paludification, with no apparent influence of climate change on the process or timing of
these developmental processes at the scale investigated. Successional changes followed

the same patterns at all three sites, with lake sedimentation and terrestrialization followed

by paludification. Paludification was initiated coincident with the consolidation of a

shrub mat across the basin, and was controlled by the topography of the adjoining upland.
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Notably, the timing of successional changes varied at each site, suggesting that autogenic

factors rather than environmental changes controlled development.

.




INTRODUCTION

As substantial reservoirs of organic carbon, peatlands are a significant component
of global carbon dynamics (Gorham 1991, Warner et al. 1993, Gignac and Vitt 1994).
According to current models, climatic warming and ensuing worldwide water level
fluctuations may fundamentally alter organic sequestration dynamics. In some areas
large amounts of carbon may be released into the atmosphere as peat decomposes, while
peat accumulation may actually increase in other locations (Gorham 1991, Makild 2001).
Yet, fundamental questions persist concerning the developmental dynamics of peatland
ecosystems. How much regional variation exists in peatland development and what
controls these differences and the timing of successional changes? 1t is possible to
address such issues by studying the temporal archive of community development
preserved in the accumulation of partially decomposed plant material in peatlands.

Peatland vegetation dynamics may be reconstructed by characterizing sediments
and by developing detailed chronologies of successional changes. Peatland formation
occurs through two mechanisms: terrestrialization, when a water body fills with
sediments and peat, and paludification, when upland is converted to wetland (Figure 1).
Terrestrialization is identified by the presence of open-water sediments, such as silt or
lake mud underlying peat, while paludification may be identified by the presence of peat
deposits directly over basal mineral materials (Solem 1986, Foster et al. 1988, Foster and
Wright 1990, Korhola 1992 1994 1995, Mikild 1997). Following paludification, basal
peat deposits are younger towards the wetland margin.

General models of wetland formation for temperate regions such as central New

England suggest that high temperatures limit peat accumulation (Transeau 1903,




&

3
3
%

upland

Terrestrialization Paludification

Figure 1. Mechanisms of peatland formation. Terrestrialization (lake-infilling) is
indicated by the presence of aquatic sediments (gyttja) under peat. Paludification (lateral
spread) is indicated by the presence of mineral material without underlying gyttja.
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Damman 1979), and that terrestrialization is the primary mechanism of peatland
development. Although incompletely documented, a few studies suggest that
paludification also may be important in the development of peatlands in this area (Zebryk
1991, Thorson and Webb 1991). Identifying the relative importance of terrestrialization
versus paludification in New England is critical for understanding the factors that drive
the dynamics of the ecosystem.

Many studies have suggested that peatland initiation and development are closely
related to regional climate change (Dachnowski 1922, Winkler 1988, Zoltai and Vitt
1990, Hansen and Engstrom 1996). If climate change drives peatland development
within a region, major successional changes might be expected to occur synchronously
across a region and coincident with known climatic shifts. Sorting out the relative role
of autogenic versus allogenic factors is important in order to understand what controls
community dynamics and formation. For example, in the deep basins of some New
England peatlands, alternating layers of peat and aquatic sediments (gyttja) indicate
multiple water table fluctuations of several meters, presumably in response to climate
change (Thorson and Webb 1991, Newby et al. 2000, Almquist et al. 2001).

Alternatively, numerous studies have documented that autogenic processes are
important drivers of peatland development in many regions (Clymo 1984, Foster et al.
1988, Foster and Jacobson 1990, Almquist-Jacobson and Foster 1995, Bunting and
Warner 1998, Bunting, Warner, and Aravena 1996). For example, lateral expansion may
be initiated when the water table rises due to the accumulation of partially decomposed

peat with low hydrological conductivity (Ivanov 1981, Clymo 1984, Futyma and Miller

1986, Johnson, Damman, and Malmer 1990, Nobel 1990).




In the current study, we compare the developmental histories of three sites within
the same climate zone in order to: (/) investigate similarities of developmental pathways
and timing of successional events among peatlands, (if) document the relative importance
of paludification as a developmental mechanism in the study region, and (iii) investigate
the sensitivity of peatland development to regional climate change.

STUDY AREA

The study focused on three approximately 10-ha peatlands in central New
England that currently support similar forest communities dominated by red spruce
(Picea rubens), Eastern hemlock (7suga canadensis), and red maple (Acer rub}'um;
Figure 2). Located in the Central Uplands physiographic region of New England (Motts
and O’Brien 1981), this moderately rugged area is characterized by north-south oriented
ridges and valleys and Paleozoic bedrock of granite, gneiss, and schist. Upland soils are
moderate to well drained, acidic, sandy-loams formed in glacial till, with poorly to
excessively drained soils in glacial outwash in some valleys and basins. Elevation
ranges from 220 m to 410 m a.s.l. and regional deglaciation occurred approximately
14,500 cal YBP (Ridge et al. 1999). The regional climate is cool temperate and humid,
with a mean July temperature of 20° C and a mean January temperature of =7 ° C, The
annual precipitation of 110 cm is evenly distributed throughout the year (Rasche 1953).
The regional upland vegetation is characteristic of the transition hardwood-hemlock-
white pine forest region (Westveld 1956).

Sites were selected due to similarities in vegetation and isolation from other

wetlands and waterbodies. Black Gum Swamp at an elevation of 365 m a.s.l. at Harvard

Forest in Petersham, Massachusetts occupies an irregularly shaped basin. The
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Figure 2. Study site locations in New England, USA.
Top panel: Study site locations on elevation map of southern New England states.
Bottom Panel: USGS 1:25,000 topographic maps of sites. Contour intervals 3m.
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surrounding upland has gentle to steep slopes on the northern and northeastern sides and
supports a mixed hardwood forest (Quercus spp.), American beech (Fagus grandifolia),
red maple, hemlock, and birch (Betula spp.). An intermittent stream drains from the
peatland to the southwest and a small mineral island is located in the north-central
section. Vegetation is dominated by red spruce, black gum (Nyssa sylvatica), and red
maple, with an understory of mountain holly (Nemopanthus mucronata), winterberry
(llex verticillata), and high-bush blueberry (Vaccinium corymbosum) over Sphagnum
spp., cinnamon fern (Osmunda cinnamomea), and herbs. It has pronounced hummock-
hollow topography (Foster and Zebryk 1993).

Rindge Bog in Rindge, New Hampshire at an elevation of 335 m a.s.l,,isa
roughly triangular basin. Steep hills border the peatland to the south and east, with a
gentler slope to the northwest. A small intermittent stream feeds the peatland from the
south, while a larger, northeastern intermittent stream drains to the north. Red spruce
and balsam fir (4bies balsamea) dominate over a ground layer of Sphagrnum moss,
cinnamon fern, and herbs. At the edges, red maple is co-dominant with red spruce and
balsam fir over dense mountain holly, winterberry, and high bush blueberry. It has
pronounced hummock-hollow topography.

Ellinwood Bog in Athol, Massachusetts at an elevation of 258 m a.s.l. is a roughly
circular basin. Streams enter the peatland from the south and the southeast, but there is
no visible drainége stream. The surrounding upland is steepest to the north and south.
Small mineral islands are scattered in a north-south band from the inlet stream to the

north edge. The eastern two thirds of the peatland is dominated by red spruce over

Sphagnum, cinnamon fern, and herbs. Scattered shrubs grow on pronounced hummock-
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hollow topography. The western third and the southern edge are dominated by hemlock,
red maple, yellow birch (Betula alleghaniensis), and scattered red spruce over a dense
understory of mountain holly, winterberry, and high bush blueberry.
METHODS
Basin morphometery and stratigraphy

At each peatland, north-south and east-west transects were established at 25-m
intervals. Grid points were installed with an accuracy of +/- 1 m and marked for the
duration of the study. Peatland margins, defined by the horizontal limit of organic
deposits, were determined by probing with a thin metal rod and mapped relative to
adjacent grid points. Sediment depth was probed at each grid point. As the hummock-
hollow topography produces height variation up to 75 cm, measurements were
consistently measured from a topographically low area close to the sample point. From
these data, basin morphometery was interpolated using SURFER (Golden Software
1994).

Peatland stratigraphy was described for every sample point at Black Gum Swamp
{n=146) and Ellinwood Bog (n=139) and for all but 17 points (n=142) at Rindge Bog.
Sediments were extracted using a Russian corer with a 50 x 5 cm chamber. Two parallel
holes were alternately used to minimize disturbance from the 6 cm tip. Boundaries
between different sediment types were rounded to the nearest 5 cm.

In the field, sediments were assigned into major types characterized by dominant
matrix, macrofossils, and color. As the purpose of the study was to determine broad

patterns of peatland development, minor variations, such as degree of decomposition or

minor macrofossil composition, within discrete zones were not recorded. Although




transitions among sediment types were often clear and abrupt, when the transitions were
gradual, the length of the transition was recorded. Representative samples of the major
sediment types were washed, sieved, and examined under a light microscope (up to 3x) to
identify major macrofossil constituents (Levesque et al. 1988).

Radiocarbon dating

Basin morphometery and stratigraphies were used to select samples for
radiocarbon dating. At each peatland, basal samples were taken along two perpendicular
transects running from the deepest portion of the basin to the upland (Figure 3).
‘Transects were located on gentle slopes and points were distributed to sample both basal
peat and gyttja. At Rindge Bog and Ellinwood Bog, samples of each sediment type were
also taken along the length of a core from a deep basin. At Black Gum Swamp, a
comparable long core had been previously collected and radiocarbon dated (Figure 3a;
Zebryk 1991).

A total of 41 20-50 cm cores were sampled in the field, extruded, and wrapped in
plastic film wrap and aluminum foil. In the lab, each sample was scraped to expose
uncontaminated sediments and 2-5 g subsamples were removed. Samples were dried for
6-12 hours at 105° C, wrapped in aluminum foil, and sealed in plastic bags for AMS
radiocarbon dating at the Radiocarbon Lab at the University of Arizona. Results were
calibrated using Calib version 4.1 (Stuiver and Reimer 1993). Results are reported as

calibrated years before present (cal YBP) where present is 1950,

RESULTS
Basin morphometry and stratigraphy

Basin depth is defined as the depth of organic sediments (peat or gyttja) to till or

clay. Basin morphometry is consistent with surrounding topography and varies gradually
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Figure 3a. Location of radiocarbon dated samples from basal sediments and one long core
collected from Black Gum Swamp. Contour interval 50 cm. Lettered sample points are
from Zebryk (1991).
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Figure 3b. Location of radiocarbon dated samples from basal sediments and one long
core collected at Rindge Bog. Contour interval 50 cm.
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Figure 3c. Location of radiocarbon dated samples from basal sediments and one long
core collected at Ellinwood Bog. Contour intervals 50 cm.




with few abrupt changes. Black Gum Swamp (Figure 4a) has a deep basin in the
northeastern corner with a maximum depth of 6.5 m. Scattered small, shallow basins less
than 2 m deep are found throughout the southwestern lobe. Much of the southern half of
the site is less than 1 m in depth. Rindge Bog is dominated by a large steep-sided central
basin with a maximum depth of 7.5 m (Figure 4b). The northern lobe has a shallower
slope. Ellinwood Bog is dominated by a large basin on the western side (Figure 4¢). A
shallow north-south oriented bench less than 0.5 m deep separates the deep basin from a
small, steep-sided basin 5.7 m deep in the northeastern corner.

Four stratigraphies were observed: woody peat on till, woody peat over shrub
peat, woody peat over gyttja, and woody peat and shrub peat over gyttja. Two dominant
peat types were identified. Woody peat occasionally contained large wood fragments
with small twig and sedge fragments. Shrub peat contained abundant small diameter (up
to 1 cm) ericaceous wood fragments within a matrix of decomposed Sphagnum and fern
rhizomes. This material was very coarse, medium brown, better preserved than the
woody peat, and consistently found under woody peat above aquatic sediments (gyttja) in
deep basins. The transition from woody to shrub peat was often gradual, occurring over
25-35 cm. Gyttja varied considerably in color and texture. It was always found below
peat and was typically medium brown with abundant macrofossil fragments near the
boundary with the overlying peat. At increasing depth it was gray/green with no visible
macrofossils. Light to dark gray clay lined the deepest basins.

At Black Gum Swamp woody peat forms the surface sediment (Figure 4a). In

areas up to 100 cm deep and in one case to a maximum depth of 165 cm, woody peat

occurs directly on mineral soil. Aquatic sediments occur in the small, shallow basins of
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gure 4a. Stratigraphy of each cored sample point and cross-section of Black Gum
Swamp. Contour intervals 50 cm.
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the southern lobe and in the deeper northern basin. In the southern basins, the typicaij'
stratigraphy is 85-100 cm of woody peat over macrofossil-rich gyttja. In the deep
northern basin, woody peat or woody peat and shrub peat overlay gyttja. With increasing
basin depth, the amount of woody peat increases and the transition to gyttja occurs at
correspondingly greater depths. Shrub peat is found only in the deep northern basin.
Clay occurs beneath the gyttja where the basin depth is greater than 300 c¢m.

At Rindge Bog (Figure 4b) woody peat and shrub peat form basal peat deposits.
There is a range of 15-165 cm of woody peat deposited on mineral soil, with a typical
depth of 80 cm. Basal shrub peat 23-110 cm deep occurs under woody peat. The deep
central basin has a consistent pattern of woody peat, shrub peat, and gyttja over clay,
With increasing basin depth, the amount of woody peat increases and the transition to
gyttja deposits occurs at correspondingly deeper levels. Clay occurs beneath the gyttja
where the basin depth is greater than 500 cm.

At Ellinwood Bog (Figure 4c) woody peat up to 140 cm deep forms the basal
deposit in a shallow zone around the perimeter of the site and along the north-south
oriented bench. South-west of the shallow bench in the vicinity of the intermittent in-flow
stream, 60-135 ¢m of woody peat occurs over gyttja. In the two deep basins, the typical
stratigraphy is a minimum of 110 c¢m of woody peat and shrub peat over gyttja. In the
smaller eastern basin, macrofossils are present throughout the gyttja. Clay occurs where
the depth exceeds 300 cm.

In summary, sediment patterns are highly consistent across and within sites, with

an overall pattern from the bottom of the peatland to the top of mineral soil-gyttja-shrub

peat-woody peat. The amount of peat preserved increases with basin depth; woody peat




is the surface deposit at all sites and is highly decomposed near the surface. Shrub p_éé.t. is

found only in deep basins. Sediment patterns are consistent with the overall basin depth
and morphometery and there are no “reversals” in stratigraphy. The shallowest areas
have basal deposits of woody peat directly on till while intermediate depths have woody
peat over gyttja with abundant macrofossils. In deep basins, woody and shrub peat
overlie gytja. Clay occurs at the bottom of only the deepest basins.

The quantity of macrofossils in the gyttja is consistently related to basin depth.
In shallow areas, typically less than 2 m in depth, the gyttja contains abundant
macrofossils. In deep basins, there are abundant macrofossils in the aquatic sediments
directly beneath peat deposits but fewer macrofossils with increasing depth. In locally
deep areas in an otherwise shallow basin, macrofossils are present throughout the gyitja
sediments.

Radiocarbon dating

Black Gum Swamp (Figure 5a, Table 1) has basal gyttja sediments ranging in age
from 14,590 cal YBP to 9,510 cal YBP. In the center of the deep northern basin, gyttja
deposited until at least 9,600 cal YBP. A shafp transition occurred to shrub peat
approximately 9,500-9,600 cal YBP, and then woody peat developed. At the same time
period, woody peat formed on mineral soil in the 50-100 ¢cm contour interval. Woody
peat accumulated on mineral soil in the 0-50 cm contour interval from at least 5,590 cal
YBP until approximately 4,000 cal YBP and continued to accumulate in the deep basin
until at least 3,620 cal YBP.

Rindge Bog (Figure 5b, Table 1) has basal gyttja dates ranging from 14,080 cal

YBP until 9,360 cal YBP. In the core from the deep basin, gyttja accumulated until at




U2 (S S[EAISIUL INOJUOT) "5PLd3Ip ISAIBU 91} 03 Papunol dwems WD) Yoe[g I0] SAEP UOGIEO0IPE pateIqIe) "eg am3i

‘ ehio
1ead Apoo g
cop . REID [eLIdjE N [BSRY
089°ct
081°11
0r0°01
e
065°6 06z
yead

055°6 00z qnus

06£°8

029°¢ 1ead Apoom

0
(woy wdsgg

3102 Fuo %




2,350
5,140
6,660
7,250
8,670

11,690

8

g

A B .
o, 2
g 8
<

Woody peat
Shrub peat

Long core

# Woody peat

Basal material

N
—
water flow
25m

Figure 5b. Calibrated radiocarbon dates for Rindge Bog rounded to the nearest decade. Contour intervals 50 cm.




I3 S S[EAIIUL MOIUOY) “9PROSP 15318 3Y) 0} PApUN01 S0g POOMUI][H I0] SJep UOGIESOIPEI pajRIqIR) ‘o¢ Indig

06Z°11

0SE'01
0zr'8

069 °L
$80°L

00S°S

emin
1ead Apoo
@ er Poom
— [eLIdJRW Jesey
MO[] Jjem
st AR[D _
emAn N
0€Z
1ead quiyg
061
1ead Apoos
. 0
(wo) pdag
2102 uo|




61IF1 (9EEVT) 1158T 08 -/+ 66£°T1 6080V elso 2100 [eseq 081-8L1 ¥ sog
PLYS (P6SS) 1998 ¥ -+ 68 2080VVV 1ead Apoom 3102 Jeseq SeE—¢¢ £ sog
LZLE (0S6E) OF1H 19 -/+ ¥29°¢ LOSOFVV 1ead Apoom 2100 [eseq rr—Tp z $o4g
626 (£156) 8156 €9 -/+ 9L1°8 9080V tead Apoom 210 [eseq 08— 8L I sog
191€1 (£9P€T) #£8€T 00T-/+ 0TST1 0z1Tr-g ehin 2100 [eseq STI—LIT 1 sbd
0L6Y (LOES) 8LSS 06 -/+ 08S¥ 611Tr-9 1ead Apoopy 8102 Jeseq L—¥9 A SOy
8128 (LOVS) 6858 08-/+ 0£9L 98LEr-d 1ead Apoop 2109 [eseq (43 73 [ sog
€96 ($ST01) LSEOT OT1 -+ 0¥68 811Zrd ehio 2102 Jeseq Thl - pel I $og
6£8ET (9STHD) 8HHS1 OL1-/+ 0¥ZT1 LT1Zr9g Aepo/emin 9103 [eseq 0T+ — 00% H sod
95¢¢ (TT9¢) B3¢ OLT-/+ OPEE 9166Z-4 1ead Apoom 2102 3uo] §SL—S0L 13 sog
1818 (98¢8) 158 067/+ 08SL €9¢1e-d read Apoom 2102 3uo] OLT — 091 4 $odg
7916 (££$6) 90101 OFI-/+ 0958 L166T-9 read quyg 8100 Fuo| 80T — 20T q sod
£Lv6 (9856) TS101 0Z1-/+ 0898 vot1€-d read qnuyg 2102 Suo[ 05— 0vT a sod
8656 (8£001) 95£01 0Z1-/+ 0168 s9gle-d ein 2102 Fuo| 067 — 08T 0 $odg
S166(9L111) 2€8T1 0St-/+ 05L6 61667-4 2o 2103 Fuof 8LE1LE g ot |
861€1 (089€1) ZEIST 0F1 -/+ 06911 99¢1¢-9 emin 2100 Fuo[ SoF — 0S¥ A4 sod
(dg X 1eo werpow) 4+ 07 dd 33e 1D anqe1 [eLIdey uonIsog (w2) yydaqg  saquny s

‘uoneroe[3ap ayepaid Aoy asneaaq SIA[eUR UI PIsn 10U olom $31ep pazIolfe)] Fog poomuIlg =gH ‘Fog a3pury =qy ‘duremg wna
FoB1g =8O (28661 T8 10 10Amg) o8 pajeiqIes werpaur oY) AA0[3q pUe 2A0qE SUOTIBIASD PIEpUe)s 7 Yilm partodal ale pue (561
ST Juasard, a1oym ‘gg X Teo) jussaxd a10jeq sreak repusyes o) PajRIqITeD 31oMm $9YBP SINV "APTS ST} WoIf a1om so[dwes paraquinyy
(1661) ¥£1997 woxyy durems umg yoe[g WoIy s)Msar are J-y sadures paione] -se[dures justipas UIoJ] S3)ep U0qIedOIPRY [ 9[qe],




8+0¢ (£¥15) 60€S 8-+ STSF 8780PVV 1ead Apoo 3103 [eseq $6-76 £C aa
L¥S6 (¥696) 90101 9¢ -/+ 1ZL8 LTROYVY 2AD 9109 [eseq ¢81-081 4 ay
16201 (0£SO1) T+L01 L9 -1+ 65£6 9Z80PVV effo 2100 [eseq $8E-18¢ Ic a
099€1 (9L0+T) £E€S1T YL ~/+ 1£0°T1 STROPVY emio 3100 [eSEq 005-861 0z b
£899 (L789) 9869 0§ -/+ $00°9 YZ80YVY 1ead Apoo, 210 [eseq Shcv 61 g
12201 (£€£01) 82501 IL-/+91T'6 ET80FVV enin 2100 [e52q 091-851 81 S
£€06 (6556 ) 886 0L -/+ €0€°8 TTROYVY 2o 2102 [esEq $81-081 LT a4
0€r0T (I¥901) 89011 TL -+ 0ZEV'6 1Z80vVV pues /eMAn 3100 [eseq SYe-cpe 91 o
69€91 (€8891) zrtL] 011 -+ OPE‘El 0Z80VYV [elRuw/RMAD 9100 [eseq LOL-SOL ST ad
66ZFI (ZSEST) 28461 96 -/+ 01L°TI 6180FVV [elouru / 21AD [eseq Suo] L¥9-++9 1 ay
SOTIT(T6911) p6TT1 99 -/+ 0Z1°01 8I80VVV e 2100 3uof 186-6L5 €1 i
8S+8 (¥L98) 6006 78 -/+ 668°L L180VVV el 3103 Buo] 061-58% 1 a
$T0L (0STL) 81vL LY+ 11€9 9180FVY emAs /qnig 2109 Fuo[ 91601 I |
0059 (¥999) 1829 0$ ~/+ L¥8'S SI80YVV 1ead quiyg 2105 Suo| 99€-85¢ 01 ad
SL8Y (SE1S) 6EFS ¥9 -/+ 605y rIS0YVY ead Apoom 2100 Fuo] EYT-6£T 6 SR
21TT (6VET) LOVT S¥ ~/+ 0SET EI80VYV 1ead Apoom 3109 Fuo| 801-F01 8 sog
61Tr1 (065¥1) 8P9ST 28 +/+ TI9TI ZI80FVY [esurur /efnio 2100 [esEq £87 — 08¥ L sDg
6206 (1LT6) OLY6 99-+997°8 1180FVY read Apoom 2103 [eseq STI- 01t 9 Sodg
LTEET (LELET) 8L8ET §8-+L19°11 0180¥VV elilo 3100 Jeseq 081-8L1 S sod
(49X 1e2 werpow) -/+ o7 dd33e p1D a1 q¥1 [eLEIN uonised () ypdo@  Faquiny ms
(1000)  [o[qeL




€58 (6£98) 88683 §C -/+ 588L IBOLPVY el 2100 Jeseq 081-6L1 ¥ a4
8206 (1076) 8656 0y -/+ 9178 SP8OvVY eip 3100 [ESEq OF1-LE1 oy €9
0LTL (PLEL) TOWL TS+ 0LY9 Pr80rVY 1ead Apoog 2102 [eseq 08¢ 6€ g4
7L81 (6961) 601T St -+ S10T £Y80YVY 1ead Apoom 2100 Jeseq 0T-L1 8¢ e
SLETI (R98TI) 000 00T -+ 0¥LOT TFROYVY 1ead Apoom 2109 [eseq Ot-LE LE g4
6¥St (91LY) Ov8Y by -/+ S81p IV80VVV yead Apoomy 2109 [eseq 05-8% 9¢ g4
v6£8 (86¥8) LT98 85 ~/+ SELL 0¥80FVV e} 210 [eseq 001-96 <g a4
£0€6 (6L16) $£56 LS ~/+ tH8 6E80VVY emAn 2102 [eseq ¥81-781 vE g4
SPZOT (rEF0T) 68901 99 ~/+ 606 8E80YVY eMmio 210 [eseq 0£7-822 €€ g4
66S9I (8STLI) 99441 0¥ 1-/+0ZE%1 9ER0FVV ressutuyenAn [eseq/Suof 0S8t £ g4
96111 (L8T11) 0611 9L -+ 6£66 SESOYVY enio 3109 Juoj 98¢-78¢ 0€ a4
¥1ZO1 (ZSEOT) 96+01 09 -/+ €916 PESOPVYY elip 3105 Fuo] zTe-6le 6T g4
7LER (£T18) £658 ¥ ~/+ ¥89L £ER0VVV 1ead quuyg 2102 Fu0] ££-62T 8T g4
P19L (069L) ¥E8L S -+ 0069 TEROFVY tead quuyg 2105 Zuoj 881-v81 LT €9
8089 (804 ) 8¥TL 29 -/+ ¥919 1€80VVV 1ead Apoom 2109 Suo] $91-651 9T g4
LLYS (361S) 909 SY -+ 66LY 0£80¥VY 1ead Apoom 8109 Fuo] 66-56 §T g4
8LE€ (OLFE) £69€ 18-+ €9T°€ 6280VVY Jead Apoop 2102 [eseq 05-8% T €
(49X %> verpow) -/+ o7 da8epD a1 qeq [eLIS)e uoipsoq (m2) pdoq  Aaquiny s

(mo2) | oqqey




least 7,250 cal YBP, when there was a distinct transition to shrub peat. Shrub peat..
accumulated until 6,660 cal YBP, and graded into woody peat which accurnulrclte:;tE in the
deep basin until at least 2,350 cal YBP. By 6,830 cal YBP woody peat foﬁned on
mineral soil at the edge of the shallow northern lobe. On the steeper northwestern edge
woody peat accumulated on mineral soil until at least 3,470 cal YBP.

Ellinwood Bog (Figure 5c, Table 1) has basal gyttja dates up to 8,500 cal YBP.
One central basal gyttja date predated deglaciation and was presumably contaminated
with older carbon. In the center of the western basin, open water conditions persisted
until at least approximately 8,420 cal YBP, when there was a sharp transition to shrub
peat. Shrub peat accumulated until at least 7,690 cal YBP and graded into woody peat
which accumulated until at least 5,500 cal YBP. On the south-western edge, woody peat
was deposited on mineral soil until at least 4,720 cal YBP, while on the shallow eastern
bench woody peat was deposited on mineral soil until 1,970 cal YBP. On the edge of the
site, there is a woody basal peat date of 12, 870 cal YBP. This date is not included in
analysis, as the late date is likely due to contamination of the sample. No result was
available for sample RA-32.

Accumulation rates, shown as the age/depth curve for the vertical core from the
deep basin of each site (Figure 6a), vary by site. At Black Gum Swamp accumulation
rates may slowed during the formation of the bog mat, but with the large error bars for
these samples this interpretation is not conclusive. At Rindge Bog and Ellinwood Bog
there was little variation in the accumulation rates. These results do not appear to reflect
general climate trends shown in the pollen diagram taken from the long core at Black

Gum Swamp (Zebryk 1991; Figure 6b).
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Figure 6a. Age/depth curves for long cores from each site. BGS= Black Gum
Swamp, RB= Rindge Bog, EB=Ellinwood Bog. EB samples are outlined in
black and connected by a heavier black line. Error bars = +/- 2 standard
deviations from the median calibrated age. Lowest gyttja samples from each
core are not included. General climate trends are based on Newby et al. (2000).
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DISCUSSION

Although paludification is a major mechanism of peatland formation worldwide
(Heinselman 1970, Frenzel 1983, Gore 1983, Johnson 1985, Glaser 1987); it has not
been included in models of peatland development in temperate areas. By comparing the
developmental histories and timing of successional events at multiple peatlands within
the same climatic region, this study addresses the timing and relative importance of
terrestrialization versus paludification and factors that influence peatland development in
central New England. Results indicate that both terrestrialization and paludification were
involved in the development of these peatlands although different rates and timing of
developmental events among the sites suggest that autogenic processes and local
topography exert greater control over development than regional climate change. Close
similarities in the pattern of development among these sites provides the basis for a
general model of temperate wetland development,

Deposit and sediment interpretations

Peat deposits are identified in this study as representing broad vegetation types,
with woody peat developing from swamp forest vegetation and shrub peat resulting from
an ericaceous bog mat and related shrub vegetation. The transition from shrub peat to
gyttja was consistently sharp, supporting the interpretation that the shrub peat represents
the expansion of shrub vegetation over shallow water and lake sediments. The transition
from woody peat to shrub peat was typically gradual, suggesting a lengthy successional
process involving a range of shrub and forested communities, These interpretations are

consistent with macrofossil studies of nearby wetlands as well as models of bog mat

formation (Swan and Gill 1970, Kratz and DeWitt 1986, Zebryk 1991). Gyttja is




interpreted as resulting from al gal and aquatic plant material collecting in permanéﬁ;-f L
water bodies. |
Developmental histories and driving forces

While overall developmental patterns were consistent at the three sites, the timing
of successional events varied substantially. Lake-infilling and terrestrialization were the
initial mechanisms of peatland formation. Limnic clay was deposited in the deepest
basins, presumably coincident with ice melting in ant open late-glacial landscape. This
clay grades upward into more organic-rich sediments representing an open-water
environment in a stabilized landscape. Accurate determination of the onset of gyttja
deposition is hampered by extremely old basal dates from Rindge Bog and Ellinwood
Bog. These anomalous dates may be due to contamination by older carbon from organic
matter in soils or by the incorporation of non-atmospheric carbon in aquatic organisms
(Olsson 1979, Ridge et al.1999). Over time, classic terrestrialization occurred: [ake
sediments accumulated, a marginal shrub mat encroached across the sediments and
shallow water, and a swamp forest ultimately developed on the stabilized peat surface.
At all three sites, the open shrub mat lasted less than a thousand years before the swamp
forest became dominant. The low estimate of $3 years of shrub peat accumulation at
Black Gum Swamp may be due to the bulk radiocarbon dating (Zebryk 1991), which is
less precise than AMS dating, used on the samples. A more conservative estimate of 988
years is provided by the difference between the younger standard deviation of the upper
shrub sample (BGS-E, 9164 cal YBP) and the older standard deviation of the lower

shrub peat sample (BGS- D, 10152 cal YBP) of the calibrated bulk dates. As the

transition from shrub peat to forest peat in the sediment cores was very gradual, the




succession from a bog mat to a closed canopy forested swamp was likely very slow.

Moderately deep basins with standing water filled in with gyttja and eventually
developed into swamp forest without any evidence of an intermediate bog mat stage,

Basin depth and size appear to be major factors in determining the timing of
sediment changes during terrestrialization, Terrestrialization occurred a thousand years
earlier in the smaller basin at Black Gum Swamp than at a larger basin of similar depth at
Ellinwood Bog. Rindge Bog, with the deepest and largest basin, was covered bya
floating mat two thousand years after Black Gum Swamp. Overall, the three age/depth
curves are relatively smooth with no synchronous changes in peat stratigraphy or
accumulation rates during terrestrialization that might indicate regional climatic control
over accumulation rates (Figure 6a). The pollen record for the site (Zebryk 1991)
indicates these climate variations were influencing plants in the vicinity (Figure 6b).

Paludification is indicated at all three sites by the presence of up to a meter of
woody peat deposited directly on mineral soil without a layer of intermediate gyttja, and
by the sequence of radiocarbon dates indicating progressively younger basal peat samples
away from the lake basins., Lateral expansion of the peatland appears to have initiated at
different times at the three sites subsequent to terrestrialization. This suggests that lateral
expansion was primarily influenced by autogenic factors, not a regional climate signal,
The extent of peatland expansion varied substantially in this topographically complex
landscape. Due to steep adjoining uplands, peatland expansion through paludification at
Rindge Bog accounts for approximately 25% of the current peatland extent. In contrast,
at Black Gum Swamp, with its shallow slopes and multiple basins, paludification

increased the size of the peatland approximately 40% and Joined several smaller basins
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into one extensive wetland. While steep surrounding topography appears to limit ﬂnﬂér i
expansion, it may still be occurring in the southeastern shallow lobe of Ellinwood Bog
where the youngest basal sample is found. |
Model for forested peatland development

Figure 7 presents a model for forested peatiand development in temperate New
England. After deglaciation, lakes occupy depressions in glacial till and clay is focused
into deeper basins (A). With time, lake sediments (gyttja) become increasingly organic
and are focused into the deeper section of the larger basins. In smaller basins, gyttja
mixes with macrofossils from emergent and adjoining vegetation, forming a layer of
macrofossil rich gyitja. Marginal shrub mats form on the edge of the larger basins (B).
Organic matter falling from the bottom of the mat mixes with the gyttja and is deposited
as gyttja with abundant macrofossils. At the edges of deeper basins, the shrub mat
becomes grounded and a swamp forest slowly establishes (€). Woody peat begins to
accumulate under the swamp forest as the shrub mat grows and continues to expand and
solidify (D). As the smaller basins become shallower due to sedimentation, the swamp
forest covers the basins and woody peat begins to accumulate (C-D). The complete
transition from shrub mat to closed swamp forest canopy is slow and gradual.

The swamp forest laterally expands across the shallow slope outside the original
lake basin at approximately the end of terrestrialization (D). As the woody peat
continues to accumulate, it pushes the shrub peat further down into the basin (E) resulting
in more woody peat accumulating in deeper sections of the basins. Lateral expansion

continues until there is a limitation in the rise of the water table water due to factors such

as a climate change, a steep slope, or reaching an outlet,
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Figure 7. Model for forested peatland development in central New England. The events in

the two basins are not assumed to be synchronous. Letter C is based on Kratz and DeWitt
(1986).




CONCLUSIONS

This study presents documentation of the lateral expansion of peatlands as a result
of paludification in temperate New England and demonstrates that terrestrialization alone
is not an adequate model for peatland development in the region. The sites followed
similar developmental pathways, with lake sedimentation and terrestrialization followed
by paludification once the floating mat and associated shrub vegetation covered the basin.
The extent of paludification at each site was determined by topographical constraints. As
these events occurred at different times at each site, peatland development appears to be
driven largely by autogenic factors, with little evidence for synchronous shifts in peat

stratigraphy or rates of accumulation in association with major climatic shifts.
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