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FIGURE 1—Map showing the location of the study site on Skidaway
Island, Georgia and the age of barrier-island sediments along this por-
tion of the Georgia coast.
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Twelve peat clasts were recovered from a paleochannel de-
posit on Skidaway Island, Chatham County, Georgia. An
AMS radiocarbon date from a plant stem in one of these
clasts indicates original peat deposition 36,830 6 340 14C
years B.P., and the stratigraphic position of the clasts sup-
ports this age assignment. Fossil Pinus needles, pollen, and
testate amoebae provide a snapshot of the environment and
biota at a time when most other sites in coastal Georgia
were not accumulating sediment. Pollen from the peat
clasts is dominated by Pinus and other genera common on
the coastal plain today (e.g., Quercus, Carya). Morphologi-
cal and anatomical analyses of the fossil Pinus needles in-
dicate they are either Pinus taeda or Pinus serotina, which
both currently inhabit the Coastal Plain of Georgia. Seven
testate amoeba taxa, all characteristic of relatively dry peat-
land conditions, were encountered in the clasts. Testate
amoeba assemblages are dominated by Hyalosphenia su-
bflava, a taxon that is not typically dominant in modern as-
semblages. More investigations describing the occurrence
and distribution of Quaternary testate amoebae, as well as
modern ecology and biogeography of testate amoebae, are
necessary before the significance of these assemblages can
be assessed fully. Deposition of the peat clasts occurred at a
time when pollen evidence from Florida indicates warm
and wet climatic conditions, and the paleoecology of the
peat clasts indicates that a relatively warm climate also ex-
isted in coastal Georgia.

INTRODUCTION

Fossil-bearing sediments of Late Pleistocene age are
rare in coastal Georgia. Eustatic sea level drop and/or in-
creased aridity in the Late Pleistocene lowered regional
water tables and resulted in depositional hiatuses span-
ning at least 35,000 years in many inland lakes (Watts,
1969, 1971; Watts and Hansen, 1988; Booth and Rich,
1998) and barrier island sediments (Booth et al., 1999).
Late Pleistocene-age peat clasts from a paleochannel lag
deposit on Skidaway Island, Georgia (Fig. 1), have yielded
Fossil Pinus needles, pollen, and testate amoebae. These
taxa provide a snapshot of the environment and biota at a
time when few other sites in coastal Georgia were accu-
mulating organic-rich sediment.

The specific objectives of this investigation were to iden-
tify which species of Pinus occurs in the peat clasts, and to
use this information in conjunction with pollen analysis to
provide insight into the paleoclimate of the region. This
study also documents the presence and abundance of tes-
tate amoebae in the peat clasts, their paleoecological sig-
nificance, and implications for the interpretation of fossil
testate amoeba assemblages.

GEOLOGIC SETTING AND AGE OF
THE PEAT CLASTS

Quaternary shoreline deposits lie in bands parallel to
the modern coastline on the Georgia coastal plain. Barri-
er-island deposits that lie closest to the Atlantic Ocean are
comprised of the three most recent of these deposits: the
Princess Anne shoreline, the Silver Bluff shoreline, and
the modern shoreline. The Princess Anne and Silver Bluff
shoreline complexes are Late Pleistocene in age, and the
modern shoreline has formed during the Holocene (Fig. 1).
The maximum age of the Princess Anne shoreline is prob-
ably 80,000 years B.P. (Wehmiller et al., 1997; Booth and
Rich, 1998). Princess Anne shoreline sediments continued
to accumulate, or were modified by surficial processes, un-
til at least 40,000 years B.P. (Rich and Pirkle, 1993; Booth
and Rich, 1998) when the Silver Bluff shoreline appeared
(Hoyt and Hails, 1974; Booth et al., 1999). In central and
southern portions of Georgia, Princess Anne sediments
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FIGURE 2—Photograph of the vertical face containing the paleochan-
nel feature and several peat clasts preserved in the channel-lag de-
posit. The paleochannel feature represents an erosional contact be-
tween two distinct sand units—a dark-colored lower unit and a light-
colored upper unit. A hand trowel (12-cm long) is shown for scale.

FIGURE 3—Pollen diagram from the twelve peat clasts. Only taxa present in at least two peat clasts are shown. Presence data for less
abundant taxa are shown with a closed circle.

form the mainland shoreline, which is as much as twelve
kilometers west of the modern barrier-island shoreline
(Hoyt and Hails, 1974). Along the northern portion of the
Georgia coastline, Princess Anne sediments comprise the
western sides of Skidaway Island and Wilmington Island.
Silver Bluff shoreline deposits form the eastern portions of
these northern islands.

During excavation of ponds on the southern end of the
western half of Skidaway Island (818 049 W Long., 318 519
N Lat.; elevation ;3 m), a paleochannel feature separat-
ing two distinct sand units was discovered at 1.35-m depth
(Fig. 2). A lag deposit in this paleochannel contained small
rounded peat clasts, 3 to 8 cm in diameter. All the peat
clasts were brownish-black (5YR 2/1) in color, unconsoli-
dated, and sandy textured. The similar lithology of the
clasts suggests they are probably all approximately the
same age. An AMS radiocarbon date from a plant stem
fragment in one of these clasts indicates deposition 36,830
6 340 years ago (BETA-112547). The sand below the
channel feature overlies a shell layer, and two uranium-
series dates from corals in this shell layer indicate it was
deposited 80,000 years ago (Wehmiller et al., 1997). More
detailed stratigraphy of the site is presented in Booth
(1998).

METHODS

Six needle fragments from the peat clasts were embed-
ded in Paraplastt. Cross sections were prepared from
along the entire length of the fragments using a rotary mi-
crotome, and the internal anatomy of the needles was de-
scribed. For selected cross sections containing well-de-
fined resin ducts, the longest and shortest diameters of
each resin duct were measured. These measurements
were used to estimate the original diameter of the resin
ducts before needle compression, by assuming that the
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FIGURE 4—Cross sections of two fossil Pinus needles illustrating the
position of resin ducts and fibrovascular bundles.

original circumference of the resin duct did not change.
Identification of the Pinus needles was made using crite-
ria discussed by Harlow (1947).

Peat from the center of twelve clasts (;3 cm3) was sam-
pled for fossil pollen and testate amoebae. Pollen samples
were processed using standard techniques (Traverse,
1988). Pollen counts were continued until at least 300 ar-
boreal grains were tallied. Pollen percentages were calcu-
lated using an arboreal pollen sum for arboreal taxa and a
total pollen sum for all other pollen and spore taxa. Be-
cause standard pollen-processing procedures have been
shown to destroy some testate amoeba taxa preferentially,
the non-destructive sieving procedure of Hendon and
Charman (1997) was applied. However, particulate mat-
ter made analysis of the samples extremely difficult, and
thus testate amoeba analysis was performed on the sam-
ples prepared for pollen analysis. To determine if taxa
were eliminated by the pollen processing procedure, ten
slides from the residues obtained by the sieving method
were scanned. No additional taxa were encountered, and
the assemblages from both processing methods were qual-
itatively similar. Testate amoeba counts were continued
until a total of 150 were tallied, and relative abundance of
each taxon was calculated as a percent of the total number
of testate amoebae counted.

RESULTS AND DISCUSSION

Regional Vegetation

Relative abundances of arboreal pollen taxa are similar
among the twelve clasts. All are dominated by Pinus,
Quercus, and Carya (Fig. 3), all of which are abundant on
the coastal plain today. All Pinus pollen grains preserved
well enough to allow subgeneric determination were iden-
tified as Pinus subgenus pinus. Trace amounts of taxa
more characteristic of northern temperate forests, such as
Picea and Fagus, occurred in several of the peat clasts (Fig.
3). Although Picea and Fagus may have grown in the re-
gion, interpretation from a paleoecological perspective is
problematic for several reasons. A now-extinct species of
spruce, Picea critchfieldii, was widespread in southeastern
North America during the Late Pleistocene (Jackson and
Weng, 1999). The Picea pollen in the peat clasts may rep-
resent this species. Small amounts of Fagus pollen also are
difficult to interpret because disjunct populations of Fagus
exist today approximately 100 km away from Skidaway
Island on the Savannah River bluffs. Abundant Fagus pol-
len has been documented from the coastal plain of north-
ern South Carolina from about 13,000 to 9,000 14C years
BP (Hussey, 1993).

Pinus Needle Identification

The fossil Pinus needles had rounded-triangular cross-
sections (Fig. 4), and thus were derived from a species with
three needles per fascicle. The longest needle fragment
was 44 mm in length. Each needle fragment contained two
fibrovascular bundles arranged very closely together and
two medially positioned resin ducts (Fig. 4). Needle dimen-
sions and resin-duct number and position differ from Pi-
nus elliotti, P. palustris, and P. echinata. Anatomically and
morphologically the needles are consistent with P. taeda

(loblolly pine), P. rigida (pitch pine), and P. serotina (pond
pine). However, resin-duct diameter is significantly small-
er in P. rigida than either P. taeda or P. serotina. Resin-
duct diameter indicates that the fossil needles are assign-
able to either P. taeda or P. serotina (Fig. 5). Needles of
these species cannot be differentiated anatomically.

Testate Amoeba Analysis

Seven testate amoeba taxa were recovered from the
peat clasts (Fig. 6). All previous data regarding the distri-
bution and occurrence of fossil peatland-inhabiting testate
amoebae has come from Holocene sediments. The paucity
of data on pre-Holocene testate amoebae has been attri-
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FIGURE 5—Box plot of the mean internal resin-duct diameter for all
six fossil Pinus needles plotted against modern data for the three po-
tential candidate species.

FIGURE 6—Testate amoebae encountered in the peat clasts. A scale bar, equal to 20mm, is shown for each photomicrograph. (A) Arcella sp.
(B) Assulina muscorum. (C-E) Cyclopyxis arcelloides type, showing the large amount of morphological variation encountered. (F-G) Hyalos-
phenia subflava, showing the large amount of size variation encountered. (H) Heleopera sylvatica. (I-J) Trigonopyxsis arcula. (K) Trigonopyxis
minuta.

buted variously to poor preservation or the lack of system-
atic searches (Charman, 2001). The abundance of testate
amoebae and their good preservation in the clasts (Fig. 6)
suggest that the lack of Pleistocene data is more likely be-
cause of few investigations.

Testate amoeba assemblages were similar between the
clasts (Fig. 7). All studied clasts were dominated by Hy-
alosphenia subflava, with smaller percentages of Trigono-
pyxis arcula, Trigonopyxis minuta, Cyclopyxis arcelloides
type, Assulina muscorum, and Heleopera sylvatica. One
specimen in the genus Arcella also was encountered, but
more specific taxonomic identification was not possible.
All testate amoebae in the clasts, with the possible excep-
tion of Arcella sp., indicate relatively dry peatland condi-
tions (Charman and Warner, 1992, 1997; Woodland et al.,
1998; Mitchell et al., 1999; Booth, 2001, 2002). Some Ar-
cella species (e.g., Arcella catinus, Arcella arenaria) also
prefer relatively dry habitats (Charman and Warner,
1992; Charman et al., 2000).

The high relative abundance of Hyalosphenia subflava
in the peat clasts is unique in comparison with modern
samples. In modern peats from North America and Eu-
rope the highest abundance of Hyalosphenia subflava only
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FIGURE 7—Relative abundance of testate amoebae in eight of the
peat clasts.

ranges from 20–40% (Charman, 2001; Booth, 2002). Un-
usually high abundance of Hyalosphenia subflava also has
been encountered in some Holocene-age peats (Hendon et
al., 1999; McGlone and Wilmshurst, 1999). The lack of
modern analogues for these assemblages has made quan-
titative hydrological reconstructions difficult (Charman,
2001). It is unclear whether these unusual amoeba assem-
blages resulted from differential decay or whether they ac-
tually reflect the original living amoeba assemblages.
Lousier and Parkinson (1981) found that differential de-
cay of amoeba tests can occur in forest soils. However, they
noted that Hyalosphenia subflava, the most abundant tax-
on in the peat clasts, was one of the taxa least resistant to
decay. More testate amoeba data are needed from modern
and Quaternary peat deposits to assess fully the signifi-
cance and underlying causes of fossil amoeba assemblages
with apparently poor modern analogues.

Local Habitat Reconstruction

The clasts were derived from a peatland that probably
contained Myrica, Ilex, Lycopodium, and Osmunda ferns
(Fig. 3). Pinus taeda and/or Pinus serotina grew in the
overstory or adjacent to the peatland. Vitis pollen in many
of the peat clasts suggest that grapes were present locally.
Although conditions were wet enough to allow the accu-
mulation of peat, fossil testate amoebae indicate that con-
ditions were relatively dry for much of the year.

Regional Paleoclimatic Implications

Pollen records from Florida indicate much drier condi-
tions during the Late Pleistocene than the Holocene (e.g.,

Watts and Hansen, 1988, 1994; Jackson et al., 2000). Drier
conditions during the Late Pleistocene in coastal Georgia
also are indicated by depositional hiatuses (e.g., Watts,
1971; Booth and Rich, 1998) and suggested by records of
dune activity (Ivester et al., 2001). However, long pollen
records from Lake Tulane in Florida indicate that the cli-
mate of the mid- and late Wisconsinan was extremely dy-
namic at shorter timescales, and characterized by rapid
shifts in the abundance of Pinus and Quercus pollen
(Grimm et al., 1993; Watts and Hansen, 1994). Pinus pol-
len peaks during this time period have been attributed to
effective moisture increases, and appear to be correlated
with Heinrich events (Grimm et al., 1993; Watts and Han-
sen, 1994), episodes of glacial advance that triggered mas-
sive iceberg discharge into the North Atlantic (Heinrich,
1988; Bond et al., 1992). One of the Pinus peaks in Lake
Tulane occurs at approximately 31,000–39,000 14C years
B.P., which corresponds to Heinrich event 4 (Grimm,
2001) and the original deposition of the peat clasts on
Skidaway Island.

The peat clasts contain the first Wisconsinan-age mac-
rofossil evidence for southern pines outside of the Florida
peninsula. Pinus taeda and Pinus serotina are both cur-
rently coastal plain species, and their presence in coastal
Georgia 37,000 14C years ago suggests that the climate
was relatively warm, at least for the brief period of time
represented by the peat clasts. The modern climate space
occupied by these two species defines an area with at least
885 mm of annual precipitation and a mean annual tem-
perature of 128C to 228C (Thompson et al., 2000). No sites
of similar age north of Florida exist for comparison, and
the peat clasts provide only a snapshot of environmental
conditions, so the spatial and temporal extent of these en-
vironmental conditions is not known. Northern pines (P.
resinosa, P. banksiana) were present in coastal South Car-
olina and the Piedmont of Georgia between approximately
24,000 and 15,000 years BP (Jackson et al., 2000; Jackson,
unpublished data). More data are needed from deposits of
similar age in coastal Georgia, as well as sites 37,000 years
old in the Carolinas and inland Georgia, to determine
where southern pines graded into northern pines during
the mid- and late Wisconsinan. The peat clasts only pro-
vide a glimpse of the environment and biota through a
narrow temporal window. However, a spatially and tem-
porally dense network of similar studies potentially could
provide valuable information on patterns of vegetation
and climate change in unglaciated Eastern North America
during the Pleistocene. Similar networks of snapshots
(e.g., packrat middens, alluvial deposits) have contributed
substantially to our understanding of Quaternary ecology
and climates in other regions (e.g., Betancourt et al., 1990;
Jackson and Givens, 1994; Baker et al., 2002).
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