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ABSTRACT
Human activities, especially those associated with the use of milldams, greatly altered the
geomorphology of the northeastern United States during the seventeenth and eighteenth
centuries. Land clearing and the construction of milldams caused the deposition of several meters
of fine-grained sediment above the pre-existing soils. Subsequent dam breaching converted
broad wetlands to incised streams. Previous work shows that pre-settlement soils contain seeds
from herbaceous wetland species, but these studies do not include leaf macrofossil evidence and
provide little evidence of woody species. This study uses subfossil leaves to reconstruct the preEuropean settlement flora of White Clay Creek, Chester County, PA and describes the influence
of European settlement on the floral community at the site. Leaf subfossils were collected from a
stream cut of the eastern branch of White Clay Creek, processed, and identified to the lowest
possible taxonomic level. Leaf fragments spanning the subfossil layer were radiocarbon dated to
accurately constrain the timing of deposition. Unlike a seed flora from a similar site, leaves
found at the study site are generally from woody species and have a diverse range of wetland
affiliations. Species found include obligate and facultative wetland species, specifically three
morphotypes of willow (Salix sp.), swamp maple (Acer rubrum) and hazel alder (Alnus
serrulata) and one facultative species, American beech (Fagus grandifolia). Leaves of species
within the white and red oak subgenera (Quercus subgenus Quercus and Quercus subgenus
Lobatae) were also found, but could not be identified to the species level. The large differences
between the leaf flora and seed flora at a similar site show that the two plant organ types provide
data about different portions of the community and indicate that future Holocene reconstructions
should include both seeds and leaves. The diversity in wetland indicator statuses shows that leaf
subfossils originate both from the riparian buffer and surrounding hill slopes. This flora,
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deposited between 217 and 368 bp, immediately preceding European settlement, contains more
wetland species than the modern vegetation, suggesting that European settlement, specifically
the construction of milldams altered floral composition.
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I. INTRODUCTION
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On America’s east coast, the period of European settlement was characterized by severe
and rapid anthropogenic landscape change (Walter and Merritts, 2008). Despite the magnitude of
landscape alteration, few studies have quantified the impact of European colonization on plant
communities in the northeastern United States or have used paleontological data to support their
conclusions. Subfossil deposits as well as sedimentological data suggest that wetland conditions
existed prior to the widespread construction of milldams; however, these studies provide little
evidence of woody riparian species. This study uses leaf subfossils to reconstruct the preEuropean settlement flora of White Clay Creek, Chester County, PA, and to test the hypothesis
that prior to settlement, wetlands existed in locations where they are no longer present. This
study also compares the subfossil flora to the modern flora at the site in order to examine the
influence of European settlement on floral communities. I test the hypothesis that the presettlement flora was rich in wetland facultative and wetland obligate species and differed
substantially from the modern flora, indicating that European settlement had a profound effect on
floral communities, most notably wetland communities, throughout the Piedmont region.
During the 18th century, European settlers colonized Pennsylvania and built mills and
forges to support their communities. These were run by hydropower provided by milldams that
harnessed the water flow of nearby streams but which left a profound and lasting mark on the
geomorphology of the region (Walter and Merritts, 2008). Throughout the lifespan of a particular
milldam, sediment accumulated behind its walls, functionally increasing base height. Once the
dam breached, the stream incised into the sediments, creating steep-banked meandering profiles
with characteristic water flow patterns: fast-flowing riffles at the dam site, pools where ponds
had formed behind the mill dams, and a generally low-grade flowing stream in the remaining
areas. This process was repeated thousands of times across the landscape due to the large number
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of closely spaced milldams. Stream incision not only altered geomorphology but also had the net
effect of changing the floral assemblages in the riparian buffer (Voli et al., 2009). The increased
distance to the water table, paired with the well-drained legacy sediment (the sediment deposited
behind milldams), excluded wetland species whose sapling roots could no longer reach the water
table or extract moisture from the soil. Plants better adapted to dry conditions, frequently nonnative and invasive species, replaced the native wetland flora (Gushall, 2004; Walter et al.,
2007).
Legacy sediment, was, and continues to be, eroded by the swift-flowing streams. The
legacy sediment is extremely mobile and rich in nutrients including nitrogen and phosphorous,
and is therefore an important cause of nutrient loading in downstream regions (Walter and
Merritts, 2008). Excess nutrients can cause algal blooms and eutrophication of estuaries
(Pennock et al., 1994), leading to the loss of marine plants, algae, and benthic organisms.
Hypoxia and anoxia from the erosion of legacy sediment impacts downstream environments to
different degrees. Although hypoxia and anoxia are not critical issues in the Delaware Bay, other
watersheds, especially the Chesapeake Bay, have been highly affected (Walter and Merritts,
2008). For example, the Chesapeake Bay lost 99 percent of its economically and ecologically
important oysters (Kemp et al., 2005) and has had an unprecedented decline in populations of its
ecologically important submerged aquatic vegetation (Orth and Moore, 1983). Both of these
effects were at least partially caused by eutrophication (Orth and Moore, 1983; Kemp, 2005).
Restoration projects, including legacy sediment removal and re-establishing native
wetland species, can decrease the amount of sediment eroded and transported to downstream
areas (Walter et al., 2007; Correll, 1992). A Pennsylvania environmental consulting company has
overseen restoration projects that include the removal of legacy sediment and planting of native
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plants. However, because the pre-settlement flora has not been identified, it is possible that the
species used in restoration projects are not accurate representatives of the pre-settlement flora.
Vegetation along the riparian buffer is one of the most important drivers of restoration
success (Federal Interagency Stream Corridor Working Group, 2002). The riparian buffer serves
as a sink for nutrients and sediments during flooding events, acts as a filter for pollutants and
provides habitat for native fauna (Correll, 1992; Federal Interagency Stream Corridor Working
Group, 2002). Planting native flora following legacy sediment removal is necessary until a new
seed bank is created or unless the pre-settlement seed bank germinates. Seeds up to 2000 years
old have germinated in exceptional circumstances (Sallon et al., 2008), but this is unusual.
Generally, low germination rates are seen with old seeds; in one study, only the seeds of 3 out of
23 species germinated after a 100-year burial in a non-wetland setting (Kivilaan and Bandurski,
1981). Without planting native species, weedy species are likely to colonize the disturbed
environment, exclude the native riparian vegetation, and decrease restoration success.
Preliminary research on seeds from the pre-settlement layer of a nearby site located on
Big Spring Run indicates that the pre-settlement flora was rich in herbaceous wetland species,
including those within the genera Carex, Polygonum, Eleocharis, Scirpus, Najas, and Brasenia,
as well as occasional woody non-wetland taxa, including Liriodendron tulipifera and Juglans
cinerea (Voli et al., 2009). However, possibly due to biases in fruit and seed deposition, the flora
provided by that study does not provide a sufficient view of woody riparian species. An accurate
model of the pre-settlement flora, especially one including trees, in the wetland or riparian buffer
is critical to inform decisions about restoration and conservation projects.
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II. BACKGROUND
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i. European Settlement and Land Use Change
Even prior to European settlement, the North American landscape was altered by human
activities. Charcoal, isotope, and archaeological evidence suggest that Native American tribes
along the east coast used fire to clear eastern forests long before European settlers had arrived
(Douglas, 1994; Springer et al., 2010). These activities created small but noticeable changes in
the pollen record, including decreases in pollen from forest taxa, and increases in the pollen
contribution of crop, disturbance, and early successional species (Baker et al., 1993; Black et al.,
2006). Additionally, flood deposits from Raymondskill Creek and the Delaware River (NJ and
PA) indicate that Native American maize agriculture caused decreased forest cover and increased
sedimentation in valley bottoms between 1000 and 1600 C.E. (Stinchcomb et al., 2011).
Therefore, floodplains were both hydrologically and ecologically altered by pre-historic peoples
before European arrival (Asch Sidell, 2008; Stinchcomb et al., 2011). However, the magnitude of
these alterations was significantly less than those caused by European settlers.
European colonists converted hundreds of thousands of acres of old growth forests to
agricultural fields in the northeastern United States during the 17th and 18th centuries
(Costa,1975). Many of the crops planted, including tobacco, were detrimental to soil quality.
Settlers frequently exhausted and abandoned fields in a few seasons, and then went on to clear
additional land (Gottschalk, 1945). Clearing and tilling associated with agriculture triggered
large-scale erosion throughout the Piedmont region, and an estimated 7.6-30.5 cm of soil eroded
from hill slopes (Costa, 1975). Large amounts of this sediment entered rivers and streams in
Northeastern drainage systems. In the Piedmont region of Pennsylvania, two thirds of this
sediment was eventually deposited in floodplains and on the lower hill slopes within the river
valleys (Costa, 1975), drastically changing the geomorphology and landscape of the region
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(Walter and Merritts, 2008).
Sedimentological data indicates that in the northeastern United States, especially in the
Piedmont regions of Pennsylvania, New York, New Jersey, Massachusetts, and Maryland, the
construction of milldams amplified the influence of land clearing on altering the region’s
geomorphology (Walter and Merritts, 2008). Hundreds of these dams were built to power the
associated mills or occasionally mining operations, forges or furnaces (Walter and Merritts
2008). Dams built across valley bottoms decreased flow velocity by up to 60%, causing
deposition of sediment from the water column and the formation of alluvial deposits immediately
behind the milldam and stretching several kilometers upstream (Walter and Merritts, 2008). The
alluvial deposit behind one dam frequently stretched upstream to the next because dams were
closely spaced along the length of the stream (Walter and Merritts, 2008). The sediment
deposition associated with milldams caused base level rise along the entire length of the stream
and across the width of the valley floor (Walter and Merritts, 2008).
As alternative energy sources became available, dams were removed or abandoned and
breached, triggering stream incision into the reservoir sediments and causing the formation of
meandering streams with elevated banks (Simon, 1989; Walter and Merritts, 2008). Areas
immediately surrounding the dam breach were converted into riffles with fast water flow and
artificially steep gradients. Areas behind milldams with low relief were converted into pools, a
stark contrast to the slow-flowing, low-gradient wetlands that existed prior to the construction of
the dam (Walter and Merritts, 2008).
Post-milldam streams, with pools, riffles and point bars (Walter and Merritts, 2008), were
once considered natural and a good model for restoration projects. But their formation instead
eliminated a stream’s ability to breach onto its floodplain and changed floral assemblages along
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the riparian buffer (Federal Interagency Stream Corridor Restoration Working Group, 2002).
Previous work suggests that as sediment accumulated, increasing the distance between the soil
and the water table, plants could no longer access the water table, and upland species replaced
the wetland vegetation (Walter and Merritts, 2008). Incision also exposed surfaces behind dams
that had been previously inundated with water (Doyle et al., 2005). These surfaces and stream
banks were probably dominated by disturbance-adapted, weedy species characterized by rapid
growth, high fecundity, and efficient dispersal mechanisms (Doyle et al., 2005), altering the
floral composition along the riparian buffer. This loss of native species and invasion of upland
and weedy species had and continues to have a substantial impact on ecosystem function because
of the important role the riparian buffer plays as a sink for sediments and nutrients during flood
events, as habitat for native fauna, and in increasing bank stability (Federal Interagency Stream
Corridor Restoration Working Group, 2002).

ii. Fossil Leaves and Plant Taphonomy
Communities assembled from Holocene floral reconstructions can be used as baselines
for restoration and conservation projects in areas influenced by human activities. Most Holocene
floras are based on fossil pollen because it is highly abundant and well preserved (Gajewski,
1988; Dull, 1999). However, pollen is also susceptible to temporal and spatial averaging, and it
is frequently only identifiable to the genus level, reducing its utility as a source of ecological
information (Birks and Mathewes, 1978; Birks and Birks, 2000). Seeds are also frequently used,
but they are also prone to temporal and spatial averaging and are frequently not identified to the
species level. Leaves are frequently identifiable to the species level but are not used often,
potentially because they are fragile and difficult to process. When combined with published
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paleontological data from seeds and pollen, community reconstructions based on leaf
macrofossils can overcome many of the disadvantages associated with pollen and seeds, and can
provide a more accurate view of previous communities (Birks and Birks, 2000). Despite the
advantages, few studies have utilized leaf macrofossil evidence to reconstruct Holocene floral
communities (Goetcheus and Birks, 2001), and none has focused on the northeastern United
States, a region highly impacted by human use.
Regardless of the type of material used, fossil floral assemblages provide a biased view
of the community that produced them. The disparity between the actual community composition
and fossil flora composition manifests itself at multiple points in the fossilization process
(Behrensmeyer et al., 2000). Wind or flowing water frequently transports abscised plant organs,
deposits them out of context, and decreases spatial fidelity. Pollen is frequently wind dispersed;
it can travel long distances, and it is generally deposited either out of context within its source
habitat or completely outside the original habitat (Behrensmeyer et al., 2000). Seeds, also prone
to long distance dispersal, often have specific morphological traits associated with the mode of
transport. Winged seeds, specifically designed for wind dispersal, can be transported long
distances before deposition whereas herbaceous wetland species frequently lack these
modifications and typically do not disperse over long distances. Spatially, leaves frequently
represent a more local community than either fossil pollen or winged seeds because they are
transported shorter distances (Birks and Mathewes, 1978; Wing and DeMichele, 1995; DaviesVollum and Wing, 1998; Behrensmeyer et al., 2000; Birks and Birks, 2000). Leaf macrofossil
deposits are generally considered to be either in situ or deposited out of context but still within
the source habitat (Behrensmeyer et al., 2000).
Another disparity between the actual community composition and the fossil flora
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composition is temporal averaging. Seed and pollen communities are generally considered to
have temporal resolution of 102-104 years because they are highly resistant to decomposition and
are therefore prone to reworking, redeposition, and therefore temporal averaging (Behrensmeyer
et al., 2000; Greenwood, 1991). Although this magnitude of time averaging has minimal
influence on semi-static communities or those with coarse temporal resolution, it inhibits
studying rapid community changes (on the order of 101 to 102 years) during the Holocene.
Leaves are more fragile and prone to damage than either pollen or seeds and cannot be reworked;
therefore, communities reconstructed from leaf floras are considered to have higher temporal
resolution, generally between 10-1 and 101 years, than those based on fruit, seed, and pollen floras
(Birks and Mathewes, 1978; Behrensmeyer et al., 2000; Birks and Birks, 2000). Leaf floras are
therefore more useful in examining rapid community turnover through time.
Uncertainty in Holocene community interpretations decreases when seed and fruit data
are used in conjunction with pollen to create a composite flora (e.g. Birks, 1976; Birks and
Mathewes, 1978; Hannon et al., 2010). Fossil and subfossil leaves are also occasionally used in
composite floras, but their inclusion is rare because leaves are typically less abundant than pollen
and seeds are at any particular location (Birks and Birks, 2000) and are more fragile and prone to
damage during processing and analysis. However, leaves should not be overlooked in
community interpretations because they provide local and temporally precise data that cannot be
supplied by other sources including seeds and pollen (Birks and Birks, 2000). This study used
leaf macrofossils because they provide spatially and temporally precise information about the
woody flora that could not be supplied by other paleobotanical deposits. Additionally, leaf
subfossils were used because during deposition they differ taphonomically from either pollen or
seeds and therefore provide a different view of the pre-settlement flora than either of those
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assemblages.
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III. SITE LOCATION
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i. Study Site
The White Clay Creek study site is located on the eastern branch of White Clay Creek in
Chester County, southeastern Pennsylvania, approximately 65 km west-southwest of
Philadelphia (39° 51.7’ N, 75° 47.0’ W; Figures 1 and 2) and in the Piedmont physiographic
province of the Appalachian Highlands. The Piedmont region is characterized by broad rolling
hills and valleys and schistose basement rock (Fenneman, 1938). Stream erosion in the area may
run either parallel or perpendicular to schist foliations that dip steeply to the south (Fenneman,
1938). White Clay Creek is a 3rd order stream within the Christina River drainage system, which
eventually feeding into the Delaware Bay. In 2007, the average maximum daily flow
immediately upstream of the study site was 5.45 cubic feet per second (Stroud Water Research
Center, 2008). The eastern branch of White Clay Creek drains late Proterozoic gneisses in the
Baltimore Gneiss Unit and calcitic marble in the Cockeysville Marble (Lesley et al., 1883;
Blackmer, 2004). The geomorphology of the watersheds in this region was highly modified by
the building of milldams during European settlement in the 18th century, an action that converted
broad wetlands into incised meandering streams (Walter and Merritts, 2008).
Land along White Clay Creek is 23 percent forested, either in old growth or in some
stage of re-growth following restoration. Approximately 52 percent is open pasture, 22 percent is
used for agriculture, and three percent is residential (Newbold et al., 1997).
Weedy species dominate the riparian vegetation at the study site. The area immediately
adjacent to the stream (0-3 meters from the stream bank) has no trees or small shrubs. Common
taxa in this area include jewel weed (Impatiens capensis), Rubus, and Solidago species (Figure
2). Further from the stream bank (3-15 meters), the vegetation is composed almost entirely of
brambly taxa. Although some tree species are present (e.g. Liriodendron tulipifera, Fraxinus
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Figure 1. Site location of the White Clay Creek site. Modified from
maps.google.com
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Figure 2. White Clay Creek leaf mat site. Black arrow points to the hydric
soil layer containing subfossil leaves. The red arrow points to the legacy
sediment layer.
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americana, and exotics such as Ulmus parvifolia, and Styphnolobium japonicum), many of the
trees have been either purposely girdled by humans or choked with blackberry brambles. This
type of vegetation is typical of highly disturbed environments. Disturbance in the area is
probably due to close proximity to roads and residential areas. All tree species present are either
non-native or have facultative upland wetland indicator statuses (L. tulipifera and F. americana).
No woody wetland taxa are present, probably due to the well-drained soil and the large (>1
meter) distance between the topsoil and the water table.
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IV. METHODS
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i. Sample Collection and Preparation
Samples were collected from the White Clay Creek study site three times between
October 2009 and October 2010. Blocks of the hydric soil layer containing leaves (see
Stratigraphy; approximately 3,500 cm3) were removed from the stream bank. Portions of the
block that were rich in leaves and leaf fragments were removed from the initial block, stored in
petri dishes, disaggregated in 50-percent ethanol, and transported to the Sedimentology and
Paleobotany laboratories of Penn State University for further processing.
ii. Debris Removal
Leaf fragments were isolated from sediment and debris by alternately placing them in a
40 percent hydrochloric acid (approximately pH 1) and Calgon detergent (approximately pH 9)
washes. Non-silicate debris was removed by soaking leaves and leaf fragments in a 30-50
percent solution of Calgon liquid water softener (Reckitt Benckiser, Slough, Berkshire, England)
for three to seven days. Calgon contains a polycarboxylate that removes clays from leaf surfaces
and prevents re-deposition by interfering with the electrostatic interactions between clay particles
and the leaf surface (Blockhaus et al., 1996; Traverse, 2007). Additionally, unlike a stronger
base, Calgon is gentle enough not to destroy leaf tissue.
Silicate debris was removed by soaking leaves in 40-percent hydrochloric acid for 5-10
days. These washes were repeated as necessary up to three repetitions per sample until the leaf
surface was greater than 90 percent free of debris. Although using hydrofluoric acid would
decrease both the number and duration of acid baths, hydrochloric acid use avoided the safety
risks and additional costs associated with hydrofluoric acid.
Leaves were occasionally placed in a VWR Ultrasonic Cleaner (Item number
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97043-964; VWR, Radnor, PA, U.S.A.) for up to 15 minutes to loosen hard-to-remove debris.
Despite being the most time-effective method of removing debris, sonication was used
infrequently because it occasionally damaged leaf surfaces.
iii. Sample Mounting
Immediately prior to sample mounting, leaf fragments were dehydrated in a graded
series of ethanol baths ranging from 50 to 100 percent ethanol. As a final step of dehydration,
leaf fragments were placed in two xylene baths for 5-minutes each. Following dehydration,
leaves were mounted on microscope slides using Cytoseal 280 High Viscosity Mounting
Medium (Richard Allen Scientific Inc., Kalamazoo, Michigan, USA). When possible, leaves
were mounted abaxially to highlight venation.
iv. Species Identification and Microscopy
Once mounted, each sample was viewed using visible and epifluorescent light
microscopy with both a Nikon SMZ-1500 stereomicroscope and a Nikon LV100 compound
microscope (Nikon, Melville, New York, USA) using an X-Cite 120 epifluorescence
illumination unit (EXFO Electro-Optical Engineering, Quebec City, Quebec, Canada), an Endow
GFP Longpass Emission green filter, Chroma Technology Number 41018, (exciter HQ470/40x,
diachronic Q49LP BS, emitter HQ500LP, Chroma Technology, Rockingham, Vermont, USA)
and photographed using a Nikon Digital Sight DS-Ri1 camera and Nikon NIS Elements v. 3
Basic Research software. Adobe Photoshop CS5 (Adobe Systems Incorporated, San Jose,
California, USA) was used to create composite images from photographs taken at multiple focal
planes and panoramic images from photographs of individual segments of a leaf fragment.
Leaf fragments were described using the characters and methods described in the
Manual of Leaf Architecture (Ellis et al., 2009) and supplemented with descriptions from
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Botanical Latin (Stearn, 2004). Characters described include those related to leaf shape, venation
patterns and tooth characters. Because samples were fragmented, not all characters could be
described for all specimens. Additionally, foliar trichomes were used to improve identification of
the subfossil leaves. For the purpose of this study, trichomes on the abaxial side of leaf subfossils
were photographed, classified, and used to aid in species identification, especially within the
family Betulaceae and genera Quercus and Salix.
Trichomes were described and characterized using the nomenclature from the Atlas of
foliar surface features in woody plants I, VIII, and IX (Hardin, 1979; Hardin and Johnson,1985;
Hardin and Bell, 1986). Foliar trichomes are frequently used to aid in the identification of
modern leaves. However, because trichomes can be lost during the fossilization process,
imprudent use can lead to misidentifications. All genera within Betulaceae and most species
within the genus Quercus have stellate and multi-radiate trichomes. However, there are no
visible trichomes of this type on any of the leaf subfossils recovered from White Clay Creek.
This suggests that these trichomes types were preferentially destroyed during deposition.
Although the exact point at which trichomes were lost is unknown, it occurred shortly after
deposition because the leaf mat was probably buried within a few years of milldam construction.
For this reason, when identifying Quercus and Betulaceae using foliar trichomes, only the
presence, not absence of stellate and multi-radiate trichomes was used to increase taxonomic
resolution.
Cleared leaf images from the Jack A. Wolfe USGS Cleared Leaf Collection, housed at
the National Museum of Natural History of the Smithsonian Institution, the Daniel Axelrod
Cleared Leaf Collection, housed at the University of California Museum of Paleontology, and
mounted leaves from Peter Wilf’s York County, Pennsylvania collections (Wilf, 1997) were used
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as references for identifying leaf fragments and determining characteristic leaf architecture
features for each species. Only species native to Pennsylvania and surrounding states were
considered in this study, because it was unlikely that the pre-settlement flora contained exotic or
invasive species or species now only native to geographically distant states. The leaf layer was
deposited during the Little Ice Age (approximately 1550 to 1850 CE), during which the climate
cooled approximately 0.6 °C (Mann, 2002). Plant species may have extended their ranges
southward in response to this cooling, perhaps from geographically adjacent states. Species were
assigned names according to the Angiosperm Phylogeny Group III system (Bremer et al., 2009).
No statistical analyses were performed on these data because of the small sample size. Instead,
presence / absence data were used. Species identifications are generally based on reproductive
structures, therefore the distinguishing leaf architecture characters for each species are based on
personal observation.
Willows (Salix spp.) are difficult to identify to the species level using leaves alone
because a large amount of hybridization occurs between species and because diagnostic features
include characters such as leaf attachment, catkin morphology, and branching patterns (Argus,
2006). Salix species are generally affiliated with wetland conditions, but they can also grow in
drier, upland environments. Only one willow species native to Pennsylvania, the prairie willow
(S. humilis), is a facultative upland species (United States Department of Agriculture, 2011).
This species has a broad phenotypic range but frequently has entire margins (Rhoads and Block
,2007) and a tomentose abaxial leaf surface (Argus, 2006; Rhoads and Block, 2007) causing it to
appear hairier than many other taxa within the genus. In this study, willow subfossils were
compared to a modern S. humilis leaf. If they were distinct from S. humilis, they were assigned to
a single morphotype and were considered to be affiliated with a wetland environment.

22

As discussed above, we cannot assume that the pre-European environment was pristine
and unaltered. However, determining the impact of Native American activities on species
composition is outside the scope of this project. Additionally, if deposited immediately prior to
European settlement in the region, any discrepancies between the subfossil and modern
communities can be attributed to land use change brought about by European settlement. Similar
hydric soil layers in the region have been carbon dated to between 300 and 11,500 bp (Walter
and Merritts, 2008) and therefore do not necessarily immediately predate European settlement.
Radiocarbon dating of leaf subfossils from the White Clay Creek site indicate that the layer was
deposited between 250±25 and 340±25 bp; therefore, the pre-settlement community identified in
this study will be used as the baseline for determining the influence of European settlement
without consideration of Native American impacts.
v. Stratigraphy
The stratigraphic profile at the study site was measured and described at the centimeter
scale during the fall of 2010. Prior to measurement, the stream bank was cleared and a fresh
vertical surface exposed to ensure that descriptions were as accurate as possible. Descriptions
include grain size, Munsell color, and presence or absence of cross strata and subfossils. A
complete stratigraphic section and description are presented below and in Figure 3.
At White Clay Creek, a thin hydric soil layer overlies basal cobbles. Plant subfossils,
including seeds, leaves, and twigs are found in this layer and are especially dense in the lowest
seven centimeters. This hydric soil layer was the source of all the subfossils used in this study.
Above the hydric soil layer is a thin (<10cm) rust-colored sandy clay layer. Above this is a finely
laminated silty layer overlain by modern vegetation and soil. A detailed stratigraphic profile and
description for White Clay Creek are presented in Figure 3. The stratigraphy at White Clay
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Creek fits the composite profile of Piedmont streams described by Walter and Merritts (2008).
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110-117 cm: Modern soil and roots. No plant macrofossils or cross strata.

103-110 cm: Fine to very fine sand layer directly below modern soil and roots.
Overhangs stream bank. No plant macrofossils.

Silt
Fine sand
Clay
Soil
Plant
macrofossils

40-103 cm: Legacy sediment. Light brown finely laminated silts.No plant macrofossils or cross strata.

37-40 cm: Moderate brown when wet, sit or clay matrix with occasional fine sand grains. No plant macrofossils or
cross-strata.
33-37 cm: Dark yellow brown when wet, dusky yellow when dry silt matrix with no apparent plant macrofossils.
No cross-strata.
26-33 cm: Dark yellow brown when wet, dusky yellow when dry coarsening and lightening upwards from silts at
base to fine sands at top. Fine roots and occasional small stick fragments. No cross-strata.

19-26 cm:Clay matrix with mica flecks, dusky brown when wet. Little to no plant debris, mainly fine roots with
occasional leaf fragments and embedded sticks when present. No cross-strata.

7-19 cm: Clay matrix with mica flecks, dusky brown when wet. Less plant debris (and in smaller pieces when
present) than layer below. No cross-strata.

0-7 cm: Pebbles and plant debris embedded in a dusky brown when wet clay matrix with mica flecks. Contains the
majority of leaf subfossils. No cross-strata.

Clay

Silt

Very Fine Sand

Figure 3. Stratigraphic profile of the White Clay Creek leaf mat site. Red squares
indicate the locations of samples taken for radiocarbon dating. Green squares indicate the
presence of leaf macrofossils.
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vi. Carbon Dating
Three leaf fragments were sent to the Center for Applied Isotope Studies at the University
of Georgia for accelerator mass spectrometry (AMS) radiocarbon dating (Table 1). One fragment
was taken from each of the basal, middle and top segment of the hydric soil layer (Figure 3).
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V. RESULTS
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i. Subfossil Flora
The pre-settlement flora at the White Clay Creek site has a high proportion of woody
and wetland species. Of the eight identified morphotypes, all are woody species and three (Alnus
serrulata, Acer rubrum and a Salix morphotype) have wetland obligate or wetland facultative
associations, indicating that they occur in wetlands 67 to 99 percent of the time. One species,
boxelder (Acer negundo), has a facultative indicator status, signifying that it is equally likely to
occur in wetland and upland environments. Four species, including two associated with the red
and white oak subgenera (Quercus subgenus Quercus, Q. subgenus Lobatae), tuliptree
(Liriodendron tulipifera), and American beech (Fagus grandifolia) are upland facultative species
and occur in uplands 67 to 99-percent of the time. All species found are native to Pennsylvania
Complete descriptions of each species and morphotype are presented in the White Clay Creek
Flora below.
ii. Radiocarbon Dating
The leaf mat layer at White Clay Creek was deposited 250±25 to 340±25 bp (between
1645 and 1785 C.E.; Table 1). No permanent settlements existed in Pennsylvania prior to 1638
(Weslager, 1955), indicating that the leaf mat layer was deposited immediately prior to or during
European settlement in the region. Therefore, any anthropogenic differences between the modern
and subfossil floras are probably due to European rather than Native American activities.
Leaf macrofossil radiocarbon dates are tightly constrained with a range between 40 and
140 years. The subfossil from the middle portion of the hydric soil layer is temporally displaced
compared to the basal layer indicating turbulence, bioturbation, or another event that caused
mixing in the deposited layer. For this reason, samples from the hydric soil unit will be
considered as a lumped sample. Although this may cause some temporal averaging, this effect is
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minimal because the leaves were deposited a maximum of 140 years apart.

14

14

Sample Number

Sample Name

UGAMS 07516

LMS basal

C Age, Years BP
(Uncalibrated)
200±25

C Age, Years BP
(Calibrated)
217±68

UGAMS 07517

LMS middle

290±25

368±54

UGAMS 07518

LMS young

200±20

219±66

Table 1. Plant macrofossils from White Clay Creek with radiocarbon ages. 14C ages were
calibrated using CalPal Online Radiocarbon Calibration (Danzeglocke et al., 2011)
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VI. THE WHITE CLAY CREEK FLORA
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ORDER Fagales
FAMILY Betulaceae
GENUS Alnus
Alnus serrulata Mill.
Assigned Material
LMS 3.

Distinguishing Features
This species is characterized by strong, non-branching, regularly spaced, approximately alternate
secondary veins with vein angles that are smoothly increasing proximally. Tertiary veins are
opposite percurrent, generally convex but occasionally sinuous, and have very low gauge
compared to secondary veins (Figure 4A). The leaf margin is finely serrate (Figure 4A, D). The
abaxial leaf surface has simple, stipitate gland, and peltate scale trichomes (Figure 4B, C) with
increased trichome density at vein junctions (Figure 4F). Freely ending veinlets are usually
simple but occasionally are singly branched (Figure 4E).

Discussion
Alnus serrulata leaves are similar in overall morphology to other species in the family
Betulaceae, especially American hornbeam (Carpinus caroliniana). However, the presence of
both stipitate gland and peltate scale trichomes indicates that it is a member of the genus Alnus
(Hardin and Bell, 1986), and its regular, finely serrate teeth distinguish it from other
Pennsylvania members of this genus (Rhoads and Block, 2007).
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Description
The laminar size is microphyll. The laminar length to width ratio is 4:3. The laminar shape is
elliptic with medial symmetry and the base is not preserved. The lamina is unlobed. The primary
venation is pinnate. Major secondary veins are craspedodromous with excurrent attachment to
the midvein. The spacing of secondary veins smoothly increases proximally. Intercostal tertiary
veins are generally convex, but are occasionally sinuous-opposite percurrent and are
perpendicular to midvein with a consistent vein angle. Epimedial tertiary veins are opposite
percurrent with the proximal course obtuse to midvein and the distal course parallel to intercostal
tertiary. Quaternary vein fabric is irregular reticulate. Areolation is moderately developed. Freely
ending veinlets are mostly unbranched with simple termination. Marginal ultimate venation is
not preserved. Tooth spacing is regular, and the tooth sinus shape is angular. The distal tooth
flank is apically concave and basally convex, the tooth proximal flank is convex.

Modern Distribution and Characteristics
Alnus serrulata, hazel alder or smooth alder, is native to the eastern United States and Canada.
Its range extends from Texas northwest to Maine, New Brunswick and Quebec (United States
Department of Agriculture, 2011). It is considered to be a wetland obligate species and grows
best at stream margins and in wet areas including swamps and bogs, although it may also grow in
well-drained upland soils (Rhoads and Block, 2007; United States Department of Agriculture,
2011). This species has a rapid growth rate with adult individuals reaching a maximum height of
approximately 9 meters (United States Department of Agriculture, 2011). Hazel alder has a high
fire tolerance (United States Department of Agriculture, 2011).
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Figure 4. A) Entire subfossil Alnus serrulata leaf fragment, B) peltate scale
and simple trichomes, C) stipitate gland trichome, D) finely serrate teeth, E)
trichomes at vein junction, and F) simple and single branching freely ending
veinlets. All features pictured are from sample LMS 3.
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GENUS Fagus
Fagus grandifolia Ehrh.
Assigned Material
LMS 13.3, 14.9, and 30.2.

Distinguishing Features
Fagus grandifolia, American beech, is characterized by regularly spaced secondary veins and
opposite-perccurent, low-gauge tertiary veins. Teeth have rounded apices with round sinuses and
are widely spaced, occurring approximately one per secondary vein (Figure 5 A, D). The leaf
surface is puberulent; hairs are unicellular simple and solitary trichomes with higher density
along the midvein, secondary veins, and at vein junctions (Figure 5 B, F). Freely ending veinlets
are absent.

Description
Lamina shape is elliptic, unlobed, and medially symmetrical. Surface texture is papillate with
laminar surficial glands. Primary venation is pinnate. Major secondary veins are
craspedodromous. Secondary veins have excurrent attachment to the midvein and regular
spacing. Intercostal tertiary veins are mainly sinuous but occasionally concave opposite
percurrent. They are acute to the midvein and the vein angle is consistent. Epimedial tertiary
veins are opposite percurrent. The proximal course perpendicular is to midvein. The distal course
is parallel to intercostal tertiary. Exterior tertiary veins are absent. Quaternary vein fabric is
mixed percurrent. Areolation has moderate development. Freely ending veinlets are absent.
Tooth spacing is not visible; sinus is shape rounded. The distal tooth flank is concave; the
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proximal tooth flank is flexuous. Principal vein is present.

Discussion
This species appears similar to other Pennsylvania species of Fagaceae including Q.
muhlenbergii and Castanea dentata but is distinguishable by trichome types and tooth shape and
morphology. The leaf surface of C. dentata generally lacks the simple trichomes seen in F.
grandifolia and may possess fasciculate trichomes not seen in the latter (Hardin and Johnson
1985). The lamina of F. grandifolia lacks the incurved teeth of Q. muhlenbergii (Rhoads and
Block, 2007).

Modern Distribution and Characteristics
This species is native to the eastern part of North America, ranging from Texas, Oklahoma, and
Minnesota east to the eastern seaboard, south to the Florida panhandle and north to Quebec with
isolated populations in Utah (United States Department of Agriculture, 2011). Adult individuals
typically measure 20 to 24 meters in height (Coladonata, 1991), and frequently reproduce
asexually, forming patches or colonies (Rhoads and Block, 2007). Within the region surrounding
the study site, F. grandifolia is generally found at low altitudes (Coladonata, 1991). It is
considered to be a facultative upland species, but it also grows well in valley bottoms, generally
in moist soil (Coladonata, 1991; Rhoads and Block, 2007; United States Department of
Agriculture Plants Database, 2011). Individuals are susceptible to birch bark disease and fire
damage (Coladonata, 1991).
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A
1 cm

Figure 5. A) Entire subfossil Fagus grandifolia leaf fragment (sample
number LMS14.9), B) trichomes at vein junction on subfossil leaf fragment
LMS 14.9, C) trichomes at the vein junction of a modern F. grandifolia
leaf from the York County, Pennsylvania collection Y1.2 of Wilf (1997),
D) tooth on subfossil LMS 30.2, E) tooth on modern F. grandifolia leaf
from the York County, Pennsylvania, collection Y1.2 of Wilf (1997), and
F) trichome on subfossil leaf fragment LMS 14.9.
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Genus Quercus
Quercus subgenus Quercus
Assigned Material
LMS 21.3, 22.2, 22.3, and 22.9.

Distinguishing Features
This morphotype is characterized by an entire margin with fimbrial vein and a retuse and
asymmetrical lobe apex. Secondary veins terminate at the lobe apex. Exterior tertiary veins are
looped and have inconsistent vein angles. The leaf surface is nearly glabrous; trichomes are
uncommon but scattered across leaf surface (Figure 6B).

Description
Margin is lobed and entire. The lobe apex is retuse with an acute apex angle. Primary venation is
not preserved. Major secondary veins are craspedodromous; exterior tertiary veins are generally
looped but occasionally terminate at the margin. A fimbrial vein is present. The quaternary vein
fabric is irregular reticulate. The quinternary vein fabric is freely ramifying. Areolation has good
development. Freely ending veinlets are rare, but when present are mostly unbranched, with
simple termination.

Discussion
Species within the white oak group (subgenus Quercus) and native to Pennsylvania generally
have rounded lobe apices, distinguishing them from the bristle tipped red oak group (Subgenus
Lobatae; Rhoads and Block, 2007). The subfossil specimens are characterized by rounded lobe
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apices, indicating both that they belong to the white oak group and that they cannot be Q.
muhlenbergii, the only white oak group species possessing acute lobe apices (Rhoads and Block,
2007). The apparently glabrous leaf surface suggests that this fragment may represent Q. alba
(white oak). However, because of the small amount of tissue preserved, the tendency of oaks to
hybridize, and the high amount of variation within a single species of oak (Rhoads and Block,
2007), it has not definitively been identified to the species level.

Modern Distribution and Characteristics
Seven species within the white oak subgenus are native to Pennsylvania and occur within
a broad range of environments (Rhoads and Block, 2007; United States Department of
Agriculture, 2011). The majority of species including Quercus alba (white oak), Q. macrocarpa
(bur oak), Q. stellata (post oak), Q. prinoides (dwarf chestnut oak), Q. muhlenbergii (chinquapin
oak) and Q. montana (chestnut oak) are generally found in non-wetland communities, including
hill slopes and ridges and in dry to moist woodlands (Rhoads and Block 2007; United States
Department of Agriculture, 2011). One white oak group species, swamp white oak, Quercus
bicolor, has a similar leaf morphology to the non-wetland species but occurs in very different
habitats, frequently being found along rivers, on the edges of swamps, and in forested wetlands
(Snyder, 1992).
With the exception of Q. prinoides, which is a shrub, white oak group species are trees
growing to approximately 20-30 meters in height (Rhoads and Block, 2007). These species vary
in their tolerance to shade, salinity, and fire (United States Department of Agriculture, 2011), and
their wetland indicator statuses (Rhoads and Block, 2007; United States Department of
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Agriculture, 2011). Because of this, no environmental interpretations were made based on this
morphotype.
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Figure 6. A) Lobe of modern Q. alba from the York County Pennsylvania collection of Wilf (1997) and B) entire subfossil
Quercus subgenus Quercus sample number LMS 22.3.
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Quercus subgenus Lobatae
Assigned Material
LMS 33.2, 57, 60, and 61.

Distinguishing Features
This morphotype is characterized by asymmetrical lobes with acute apices. Perimarginal vein
thickness is approximately equal to tertiary vein gauge (Figure 7 A). The leaf surface is
essentially glabrous with very few small trichomes persisting on the secondary veins (Figure 7 B,
C, D). Stomata are randomly oriented. The junction of two guard cells of an individual stoma
creates a characteristic T-shape (Figure 7 F).

Description
The laminar shape is ovate and lobed. The lobe apex is acuminate, and the apex angle is acute.
Surface texture is papillate. The primary venation is pinnate; agrophic veins are absent. Major
secondary vein spacing decreases proximally, and the attachment to the midvein is excurrent. A
fimbrial vein is present. Intersecondary veins are less than 50% of subjacent secondary and occur
at greater than one per intercostal area. The proximal course of intersecondary veins is parallel to
major secondary veins, and the distal course is basiflexed. Intercostal tertiary veins are acute to
midvein; vein angle inconsistent. Epimedial tertiary veins are mixed percurrent; the proximal
course is parallel to the midvein; the distal course is parallel to intercostal tertiary veins. Exterior
tertiary veins are absent. Quaternary vein fabric is irregular reticulate. Areolation has good
development; freely ending veinlets are mostly one branched with simple termination. Marginal
ultimate venation is absent. Tooth spacing is irregular with two orders of teeth. The sinus shape
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is rounded. The proximal flank of the tooth is straight and the distal flank is convex. The
principal vein terminates on the distal flank.

Discussion
This morphotype is characterized by its asymmetrical acute lobe apices indicating both its
membership in the red oak subgenus and that it cannot be Q. phellos, the only species within that
group lacking these traits (Rhoads and Block, 2007). Due to the morphological similarities
between these species, the tendency of oaks to hybridize, and the high amount of variation within
a single species of oak (Rhoads and Block, 2007), this morphotype has not definitively been
identified to the species level.

Modern Distribution and Characteristics
There are ten species within the red oak group that are native to Pennsylvania, and like those of
the white oak subgroup, they vary widely in their environmental preferences (Rhoads and Block,
2007; United States Department of Agriculture, 2011). Some, including Q. rubra (red oak), Q.
coccinea (scarlet oak), and Q. falcata (southern red oak) are associated with non-wetland
environments, generally being found in dry to moist woodlands (Rhoads and Block, 2007). Other
species including Q. phellos (willow oak), Q. shumardii (shumard oak) are associated with
wetland communities ranging from moist and wet woodlands to swamps, river banks, and
bottomland communities (Sander, 1990; Carey, 1992a; Rhoads and Block, 2007; United States
Department of Agriculture, 2011). Others, including Q. imbricaria (shingle oak) are equally
likely to grow in wetland or upland environments (Rhoads and Block, 2007). The remaining
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species, Q. velutina (black oak), Q. marilandica (blackjack oak), and Q. ilicifolia (bear oak) are
extremely unlikely to be found in wetlands (United States Department of Agriculture, 2011).
With the exception of Q. ilicifolia, a shrub, all the species within the red oak subgenus
are trees with adult individuals reach heights of 20 to 30 meters (Rhoads and Block, 2007).
These species have similar leaf morphology; all except Q. phellos have leaves with
asymmetrical, acute lobe apices and bristle tips (Rhoads and Block, 2007). However, there is
large amount of intraspecies variation in leaf morphology and hybridization between species
(Rhoads and Block, 2007) making them difficult to identify based on leaf morphology alone.
Because of the broad range of environmental preferences among the species within the red oak
subgenus, no environmental interpretations were made based upon this morphotype.
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Figure 7. A) Entire subfossil Quercus subgenus Lobatae (sample number,
LMS 57) B) Leaf surface of Q. subgenus Lobatae subfossil (sample LMS 57)
,C) simple trichome on leaf surface also from LMS 57, D) trichomes along a
tertiary vein on Q. subgenus Lobatae subfossil (sample LMS 57), E)
individual stoma of modern Q. rubra from the York County, Pennsylvania,
collection Y2.3 of Wilf (1997), and F) individual stoma of subfossil LMS 57.
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ORDER Magnoliales
FAMILY Magnoliaceae
GENUS Liriodendron
Liriodendron tulipifera L.
Assigned Material
LMS 54, 44.1.

Distinguishing Features
Unlike the other species and morphotypes identified from the White Clay Creek site which were
represented by their leaves, tuliptree (Liriodendron tulipifera) is represented in the collection by
a fruit, its samara, found while processing leaves. The samara is elongated, and the tip is
mucronate (Figure 8 A, C). The samara curves upward at the seed cavity, and the point of seed
attachment is thickened forming a ridge (Figure 8 B). The base, at the point of attachment, is also
thickened.

Discussion
Liriodendron tulipifera samaras superficially resemble the samaras of other species including ash
(Fraxinus) species. The wings of L. tulipifera seeds are thinner than those of white or red ash
(McCutchen, 1977). Additionally, the wings of ash samaras are flat (Rhoads and Block, 2007)
unlike the samara of L tulipifera, which is curved (Figure B). Fraxinus species also lack the
thickened ridge at the base of the samara possessed by L. tulipifera.

Modern Distribution and Characteristics
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Tuliptree, Liriodendron tulipifera, is native to the eastern half of the United States with isolated
populations in Texas and ranging from Iowa east to the east coast, from northern Florida to
southern New York and Vermont. This species has a fast growth rate, and adult individuals
typically reach between 24 and 36 meters in height (Rhoads and Block, 2007; United States
Department of Agriculture, 2011). Tuliptree is considered to be an upland facultative species. It
grows well in moist, well drained, neutral to acidic soils and has a ‘preference’ for mesic
environments (Beck, 1990). It cannot tolerate very wet or very dry soils. Liriodendron tulipifera
is shade intolerant and generally appears early in succession (Beck, 1990; United States
Department of Agriculture, 2011). This species is susceptible to fire damage and some insect
pests (Beck, 1990; United States Department of Agriculture, 2011).
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Figure 8. Liriodendron tulipifera samara A) entire subfossil samara (sample
number LMS 54), B) thickened ridge at attachment site of LMS 54, and C)
samara tip from LMS 44.1.
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Family ACERACEAE
Genus Acer
Acer rubrum L.
Assigned Material
LMS 23.

Distinguishing Features
This species is characterized by a trilobate leaf with excurrent secondary attachment, and sinuous
to alternate tertiary veins (Figure 9 A). Minor secondary and tertiary veins dichotomize near the
margin and loop joining subjacent minor secondary/tertiary veins, never intersecting the
perimarginal vein (Figure 9 B). Teeth are crenate and serrate.

Description
The lamina is lobed. Primary venation is pinnate; agrophic veins are absent. Major secondary
veins are craspedodromous and with excurrent attachment to the midvein. Minor secondary veins
are simple brochidodromous, approximately one per intercostal area. The proximal course is
parallel to a subjacent major secondary vein, and the distal course is basiflexed but not joining
the subjacent secondary vein at a right angle. Interior secondary veins are absent. A fimbrial vein
is present. Intercostal tertiary veins are sinuous percurrent and obtuse to the midvein. Tertiary
vein angle decreases exmedially. Epimedial tertiary veins are ramified. Exterior tertiary course is
looped. Quaternary vein fabric is irregular reticulate. Areolation has good development; freely
ending veinlets are mostly one branched. Marginal ultimate venation is absent.
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Discussion
Acer rubrum is similar in appearance to A. nigrum and A. saccharum, both of which also have 35 lobed, coarsely toothed leaves (Rhoads and Block, 2007). However, unlike A. nigrum and A.
saccharum, the leaf surface of A. rubrum is glabrous or nearly so (Rhoads and Block, 2007;
Sibley, 2009). Additionally, A. rubrum has shallow lobed leaves, in contrast to the more deeply
lobed leaves of A. nigrum and A. saccharum.

Modern Distribution and Characteristics
Red maple, Acer rubrum, is widely distributed in the continental United States and Canada east
of the Mississippi River with additional populations in Texas and Oklahoma (United States
Department of Agriculture, 2011). At maturity, adult individuals reach up to 21 meters in height
(United States Department of Agriculture, 2011). In Pennsylvania, A. rubrum is considered a
facultative wetland species, and is frequently found in swamps or bogs, but it may also grow on
forested slopes (Rhoads and Block, 2007).
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A

Figure 9. A) Entire subfossil Acer rubrum (sample number LMS
23); inset shows fossil prior to fragmentation and detailed
photography B) dichotomizing tertiary veins at leaf margin of
modern A. rubrum from the York County, Pennsylvania collection
Y1.1 of Wilf (1997), and C) dichotomizing tertiary vein at the leaf
margin of subfossil A. rubrum (sample LMS 23).
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Acer negundo L.
Assigned Material
LMS 50.

Distinguishing Features
Acer negundo is characterized by shallowly lobed leaflets with rounded sinuses (Figure 10 A, C)
and simple trichomes that occur only along the midvein, secondary veins, and at the leaf margin
(Figure 10 B, C). Trichomes increase in density approaching the basal side of the tooth with no
hairs directly above the tooth apex (Figure 10 C).

Description
The laminar size is nanophyll with a 2:1 laminar length to width ratio. The laminar shape is ovate
and medially asymmetrical with basal width asymmetry. The lamina is unlobed. The apex angle
is acute; apex shape is acuminate; the base angle obtuse and the base shape, convex. The surface
texture is papillate. Primary venation is pinnate. Major secondary veins are
semicraspedodromous and irregularly spaced with vein angles smoothly decreasing proximally.
Secondary vein attachment to the midvein is decurrent. Intercostal tertiary veins are irregular
reticulate. Epimedial tertiary veins are reticulate. Areolation is moderately developed. Freely
ending veinlets are absent. Marginal ultimate venation is absent. Tooth spacing is irregular with
one order of teeth. Tooth sinus shape is rounded. Both the distal and proximal flanks of the tooth
are apically concave and basally convex. Principal veins are present.
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Discussion
Juvenile Acer negundo leaflets may be mistaken for poison ivy (Toxicodendron radicans,
United States Department of Agriculture, 2011). Leaflet morphology in both T. radicans and A.
negundo can be highly variable making them difficult to distinguish based on the leaflet alone.
However, poison ivy leaflets frequently have a single large basal tooth, whereas boxelder leaflets
are frequently coarsely toothed with many teeth. (personal observation).

Modern Distribution and Characteristics
Boxelder, Acer negundo, is a fast-growing, short-lived tree that reaches an average maximum
height of approximately 18 meters (United States Department of Agriculture, 2011) but may
grow to 23 meters (Overton, 1990). It has a broad geographic range and is found throughout the
eastern two thirds of United States and Canada with disjunct populations as far south as
Guatemala (Overton 1990). It is considered to be a facultative species, but has a slight affiliation
to wetland (United States Department of Agriculture, 2011). Acer negundo may grow in nearly
any soil type but is frequently found in relatively flat areas near streams (Overton, 1990). This
species is vulnerable to mortality from damage stemming from a variety of sources including
Virticillium wilt, fungi, ice and wind (Overton, 1990, United States Department of Agriculture,
2011).
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Figure 10. A) Entire subfossil leaflet of Acer negundo (sample LMS50), B) trichomes along
vein on subfossil A. negundo (LMS 50 B, C) trichomes along margin at tooth of subfossil
(sample number LMS 50) and D) tooth of modern A. negundo from the York County,
Pennsylvania, collection Y2.2 of Wilf (1997).

53

Order SALICALES
Family SALICACEAE
Genus Salix
Salix spp. L.
Assigned Material
LMS: 6, 8.1, 16.1, 22.7, 31.1, 32.1, 35.3, 52, 53, 55, and 59.

Distinguishing Features
This genus is characterized by salicoid teeth (teeth with round, dark, and non-deciduous setae
attached to the apex of the tooth (Figure 11 D; Hickey and Wolfe, 1975), and a leaf surface that
is essentially glabrous and at least two times greater in length than it is in width (Figure 11 A, B,
C). It represents multiple morphotypes that can all be assigned to the genus Salix but cannot be
identified to the species level.

Description
Lamina is unlobed and medially symmetrical. Margin is unlobed. Apex angle is acute; apex
shape is straight. The base angle is acute; base shape is convex to straight. Surface texture is
essentially glabrous. Primary venation is pinnate. Major secondary veins are simple
brochidodromous with inconsistent spacing and vein angles. Major secondary veins have an
excurrent attachment to the midvein. Interior secondary veins are present. Intersecondary veins
are less than 50% of subjacent secondary; the distal course is reticulating the proximal course is
acute to the midvein. Intersecondary veins occur at less than one per intercostal area. Intercostal
tertiary veins are convex opposite percurrent, to irregular reticulate and are obtuse to the
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midvein. Epimedial tertiary veins are opposite percurrent to reticulate. Areolation is poorly to
moderately developed. Freely ending veinlets are mostly one branched, with simple termination.
Marginal ultimate venation is absent. Tooth spacing is regular to irregular; teeth sinuses are
rounded. Teeth are salicoid. Principal veins are present.

Discussion
These morphotypes can be assigned to the Salicaceae family based upon their salicoid teeth,
which are unique to that family. Only two genera of Salicaceae are native to Pennsylvania (Salix
and Populus; Rhoads and Block, 2007). Populus leaves are generally about as wide as they are
long, whereas Salix leaves are typically two times longer than they are wide Rhoads and Block,
2007). Because the leaves in these morphotypes are usually twice as long as they are wide, and
always longer than they are wide, they have been assigned to the genus Salix. The leaf fragments
assigned to Salix in this study have varying tooth morphologies with some leaf fragments having
regularly spaced teeth, others have irregularly spaced teeth. The teeth also vary in the degree to
which they protrude past the margin, and the orientation of the tooth. The leaf fragments also
vary from having opposite percurrent to reticulating tertiary veins.

Modern Distribution and Characteristics of Salix Species
Salix species are widely distributed across the United States and Canada. Of the species that are
native to Pennsylvania, all except one are either wetland obligate or wetland facultative species,
indicating that they occur in a wetland 67 to 99 percent of the time. Therefore, generally, the
presence of a willow species indicates wetland conditions. The remaining species, Prairie Willow
(Salix humilis) is a facultative species. This species frequently has a tomentose abaxial leaf
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surface and entire margins (Rhoades and Block, 2007). None of the Salix morphotypes described
have these characteristics and are therefore considered to have wetland obligate or wetland
facultative affiliations.
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Figure 11. Three Salix spp. subfossils A) LMS 32.1, B) 31.1, C) LMS 35.3, and D) salicoid
tooth from LMS 31.
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VII. DISCUSSION
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i. Summary
This study aimed to provide preliminary identification of a pre-European settlement leaf
flora from White Clay Creek in southeastern Pennsylvania. Based upon previous work by Water
and Merritts (2008) and Voli et al. (2009), I hypothesized that the pre-settlement flora would be
rich in wetland obligate and wetland facultative plants and would be representative of a wetland
or riparian flora. Although multiple wetland species are present, the flora is not entirely
composed of these species. Instead, it is a diverse mixture of wetland and non-wetland species. I
interpret the variety of wetland indicator statuses to represent leaf fall both from the wetland
corridor and surrounding elevated areas including woodlands on the hill slopes. Furthermore, the
composition of the subfossil floral community is different from the modern flora at the site. I
hypothesize that the source of these differences is anthropogenic, specifically, resulting from
base level rise triggered by sediment accumulation behind milldams and stream incision into the
legacy sediment following breaching. The leaf fossil flora is also considerably different from the
Big Spring Run seed and fruit flora (Table 2; Voli et al., 2009). This indicates that leaf deposits
contain species and community composition data not available from either seeds or fruits and
that multiple types of data, including leaf subfossils, must be used to properly reconstruct paleocommunities.
ii. Community Interpretation
Walter and Merritts (2008) hypothesized that modern single channel meandering streams
in the northeastern United States were once broad wetlands. Both sedimentological data (Walter
and Merritts, 2008) and a fossil seed and fruit assemblage rich in herbaceous wetland plants
(Voli et al., 2009) lend support to this hypothesis. The White Clay Creek Flora contains a high
proportion of wetland species including Swamp Maple (Acer rubrum), Hazel Alder (Alnus
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serrulata) and multiple willow (Salix sp.) morphotypes. Wetland facultative and wetland
obligate species, including Alnus serrulata, occur in wetlands over 99 percent of the time,
whereas wetland facultative taxa, such as Acer rubrum, and Salix species, are found in wetlands
67-99 percent of the time. The presence of taxa strongly affiliated with wetlands indicates their
presence in the pre-settlement environment, supporting Walter and Merritt’s hypothesis.
However, the species composition of the flora does not match any recognized assemblage or
association, probably because the flora was subject to taphonomic biases during transport and
burial, because there is a small sample size, and because it represents more than one community
– a wetland community in the valley bottom and a non-wetland community on adjacent elevated
and non-flooded areas.
Studies using subfossil seeds done throughout the Piedmont have found that prior to
European settlement, tussock sedge wetland environments, dominated by herbaceous wetland
obligate species including Carex stricta (tussock sedge), C. stipata (awlfruit sedge), and C.
scoparia (broom sedge), persisted in valley bottoms as stable environments from 4300 to
approximately 300 years bp (Hilgartner et al., 2011). However, this type of community generally
has few shrubs and is entirely devoid of trees (Westervelt et al., 2006). The community
represented by the leaf flora is exclusively composed of woody species and therefore cannot be a
tussock sedge meadow. Instead, it may represent a red maple-tussock sedge wooded marsh,
which in modern environments frequently border tussock sedge meadows (Westervelt et al.,
2006). Red-maple tussock sedge wooded marsh canopies are dominated by red maples and may
also include Quercus bicolor, Q. palustris, Fraxinus nigra (black ash), Nyssa sylvatica
(blackgum), Ulmus americana (American elm), and various conifers (Westervelt et al., 2006).
This community, however, does not include willow (Salix) species, which are present in the
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White Clay Creek flora. Another potential modern analog is a red maple – black ash swamp,
which is dominated by those two species with Q. bicolor, N. sylvatica, B. alleghaniensis (yellow
birch), U. americana, and Pinus strobus (eastern white pine) making up the remainder of the
canopy. Salix species and A. serrulata among others are included in under story vegetation
(Westervelt et al., 2006). Neither of these communities contains all the wetland species found at
the White Clay Creek site, but because of the potential transportation of leaves prior to
deposition and the small sample size at White Clay Creek, it is possible that one of these two
communities is an appropriate modern analog for the pre-settlement flora at the site.
The White Clay Creek flora is not composed solely of wetland taxa. It contains at least
two non-wetland species, tuliptree (Liriodendron tulipifera) and American beech (Fagus
grandifolia). These species probably originated from areas surrounding wetlands such as local
hill slopes. This assemblage may represent a community similar to the Northern Piedmont Mesic
Oak – Beech Forest, which is dominated by L. tulipifera, F. grandifolia, and Betula lenta; and, to
a lesser extent, Q. rubra and Q. alba, and is common on gently sloping hills in the Piedmont
physiographic province (Westervelt et al., 2006). However, without a more complete collection
of subfossils from the site, the flora cannot definitively be assigned to a specific ecological
association or alliance.
iii. Leaf and Seed Floras
Interpretations regarding the leaf flora described in this study can be improved by
including other paleofloras from the region, especially those based on seeds and fruits. Using
multiple sites throughout the region with multiple types of subfossil data at each site facilitates a
more accurate reconstruction of the paleocommunity. Although the seed flora described by Voli
and others (2009) is from a different location from the White Clay Creek Flora, the two sites
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share many attributes (Table 2). Like White Clay Creek, Big Spring Run was highly influenced
by the construction of milldams following European colonization of the region and, like White
Clay Creek, it is hypothesized to have once been a wetland spanning the width of the valley
bottom. The seed subfossils at Big Spring Run support this hypothesis. High numbers of
herbaceous species associated with wetlands are found in the seed flora from this site including
taxa within Carex, Polygonum, Eleocharis, Scirpus, Najas, and Brasenia, as well as occasional
woody upland taxa such as Liriodendron tulipifera and Juglans cinerea (Table 2; Voli et al.,
2009).
Despite the physical and historical similarities between the White Clay Creek and Big
Spring Run sites, the two floras share only one species, Liriodendron tulipifera, which is
represented by its samara in both instances (Table 2). The lack of overlapping taxa between the
two floras does not, however, indicate that they represent two different communities. Instead,
they represent different segments of the original flora. The seed flora from Big Spring Run is
almost exclusively composed of herbaceous species with a minimal number of woody taxa. In
contrast, the White Clay Creek leaf flora contains no herbaceous species and is instead composed
entirely of woody species (Table 2). The discrepancy between the two assemblages may be a
result of the different taphonomic filters imposed on the different plant organs (Behrensmeyer et
al., 2000). The complementary nature and lack of overlapping species between the Big Spring
Run and White Clay Creek floras underscores the importance of using multiple data sources
when reconstructing paleo- and historic-communities. Using multiple types of plant organs to
accurately describe a paleo-flora is common in deep time paleobotany and should become
standard in future Holocene studies.
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White Clay Creek
Data Source

Age

Leaf macrofossils, fruit
macrofossil (L. tulipifera)
White Clay Creek,
Chester County, PA
217 to 368 BP

Herbaceous Species

None

Location

Woody Species

Acer rubrum, A. negundo,
Alnus serrulata, Salix spp.,
Fagus grandifolia, Quercus
subgenus Quercus, and
Quercus subgenus Lobatae,
Liriodendron tulipifera

Big Spring Run
(Voli et al. 2009)
Fruit and seed macrofossils
Big Spring Run,
Lancaster County, PA
690 to 3,200 BP
Carex stricta, C. crinita, C.
stipata, Polygonum spp.,
Eleocharis spp., Scirpus spp.
Najas flexilis, and Brasenia
scherberi

Liriodendron tulipifera and
Juglans cinerea

Table 2. Comparison of the White Clay Creek and Big Spring Run (Voli et al. 2009) floras.
iv. Implications for Restoration
Modern restoration efforts frequently attempt to return altered environments to their
baseline condition. White Clay Creek and areas like it are prime candidates for restoration
efforts, both because they are highly modified by human activities and because legacy sediment,
eroded from the length of the stream, is the source of sediment and nutrients to downstream areas
including fragile estuarine environments. In order for a restoration project in these areas to be
successful, legacy sediment would need to be removed prior to planting the native vegetation.
The pre-settlement species found at the White Clay Creek site are wetland species and as such,
need easy access to the water table. Without removing the legacy sediment, the wetland species
would be more than one meter removed from the water table and would die from desiccation in
the well-drained dry soil, leaving the area vulnerable to re-colonization by weedy species.
Successful restoration, including reestablishing stream access to the flood plain, reducing
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erosion, and creating a self-sustaining riparian or wetland flora, necessitates a basic knowledge
of the pre-European settlement floral community. Future restoration efforts should consider
planting native wetland species including the ones described in this study. Specifically, in order
to create a native and functional riparian flora, willows (Salix spp.), swamp maple (Acer
rubrum), and hazel alder (Alnus serrulata) would be planted in the floodplain along with the
herbaceous wetland taxa described by Voli et al. (2009). Furthermore, native upland species
including tuliptree (L. tulipifera), American beech (F. grandifolia) and red and while oak (Q.
rubra and Q. alba), planted on the surrounding hill slopes, may closely mimic an unaltered
environment and to provide habitat for native fauna. Although the flora described may not be a
completely accurate representation of the prehistoric wetland assemblages of Piedmont region, it
provides a preliminary view of the pre-European settlement community and can be used to aid
restoration groups in their decisions regarding the re-establishment of wetland or riparian
communities.
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VIII. CONCLUSIONS AND FUTURE RESEARCH
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i. Conclusions
Species from at least two different communities, a wetland community in the valley
bottom and an upland community on the valley slope, are represented in the White Clay Creek
flora. Both communities are significantly different from the community present at the study site
today. This change is correlated with and presumed to be the result of European settlement of the
area, specifically the construction, use, and abandonment of milldams.
ii. Future Research
Future research should include collections at other leaf mat sites throughout the
Piedmont region. Although the White Clay Creek site provides a preliminary look at the presettlement flora with many new species occurrences, this is a local rather than a regional view of
the floristic conditions at the time. Additional collections at locations across the region will
enable a more complete and more accurate reconstruction of past plant communities. This
research should include both an analysis of subfossil leaves, fruits and seeds to facilitate a more
comprehensive understanding of the pre-European settlement community.
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