ABSTRACT
LOCKLEAR, JARED RICKY. FossilTaxodiumSeedsand Palynological 8sessmerdf a
Pleistocene geLocality from Southeastern North CarolingUnder the direction of James
Earl Mickle).
A recently discovered locality in an open aggregate minewgied by the Martin Marietta
Corporatiomnear Wilmington, North Caroling@ 4 A 22,7 73 6A8 65 QM3 56 6 W
produced abundant macrofossil remains that show a wide range of diversity. The exact
environmental setting is undam, but appears to be chafill or lacustrire deposif based
on the matrix The material is preserved in loose clay andngasvered from the spoil heap.
Palynological analysiand comparisons to other southeastern sitggests a Pleistocene age
and also shows a wide rangadiversity. Pollen types found include, but are not limited to
Pinus, Taxodiaceouypes Picea,Alnus, Ligudambar, Betul&uercus, llexMonolete Fern
types Ambrosiaspp.,and otheiCompositae Fungal, diatom, and protozoan palynomorphs
are also preent, which presents evidence of a wetland or riverine setting. The locality lacks
Isoetesspores, considered to be an indicator of an interglacial peMadrofossil specimens
were recovered by maceration and include abundant well preserved segdi\ireris,
conifer and angiosperm wood, cones, and insect fossils. Plant fossils incladguy.
Pinus Quercus andVitus A dominant seed type in the fossil floralsxodium based on
key characteristics such as overall size, raised marginal features, and lack of wings.
Comparisonsvith other species in the genaisd statistical analysis suggest that this may be
a newfossil specieof Taxodium Little is known ofPleistoc@e macrofossil flors of the
southeastern United Statesd interglacial palynological assessments are absent for North
Carolina. Thestudy of this locality will add to our knowledge of this time period in this

region.
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INTRODUCTION
Overview of the Taxodium Genus and Current Research
The genuSaxodiumwas widespread throughout the Tertiary. Today it is now restricted to a
few natural environments, and as a cultivar (Aulenback and LePage T39&diumis a
genus of the family Cupressaceae, and taxonomic synonymous with Taxodiaceae. The genus
Taxodiumconsists of three extant species that are now restricted to the southeastern United
States and Mexico (Weakley 2010). The three specieFaxedium distichum(Linnaeus)
L.C. Richard, commonly called Baldypress,Taxodium ascendenBrongniart, ommonly
called Ponecypress, andaxodium mucronatumTenore, commonly called Mexican
cypress (Weakley 2010). The three taxa are deciduous or evetrgre®m warmer
climates, and thegre morphologically similar with few distinguishing characteristijon
2005). They are typically treated as either three distinct species or one species with three
varieties, because they display close similarity morphologically. Much debate over the
proper classification of the species, including arguments oveepnguenclature, has been
ongoing since the early {@entury (Tsumurat al 1999).

FossilTaxodiumspecies indicate that the genus was widespread throughout North
America, Europe, and East Asia during the Cretaceous until the Pleistocene (Tstathura
1999). The earliest reported occurrence of the genus was described by Aulenback and
LePage a3 axodium wallissiiAulenback et LePage sp. nov. found during the late
Cretaceous (1998)Taxodium dubium(Sternberg) Heer was ubiquitous throughout theyearl
Tertiary (Chaney 1950). After the last glacial maximum during the Pleistcamet¢he
succession of the oceans, the three extant taxa settled into their current habitats (@sumura

al. 1999).



Research over the past 20 years on extarbdiumspeces is focused on genetic
di versity and differentiation withi-n the gen
resources Technology Division, Forestry and Forest Products Research Institute, Kukizaki,
Ibaraki, Japan has analyzed the genetic differenew@gelen species in the genus (Tsuneira
al. 1999). Lickey and Walker (2002) of Appalachian State University, North Carolina
analyzed the population geneticsl@xodiumb ui | di ng upon Tsumurabds i
analysis. The latest paleobotanical redearcspecies ofaxodiumincludes Aulenback and
LePageodos ( 19rax®diumavalliasiiandskurzmangét ald €£009) analysis of
Taxodumdur i ng the Paleogene and Neogene peri od:
analyses of Pleistocene aHdlocene localities throughout the southeastern United States
have yielded very little to no statistical analysis or morphological comparisons of discovered
Taxodiumspecimens, but offered general descriptions and details of found specimens and
site localties.
Importance of Research
Current Pleistocene records of North Carolina are palynological based with no quantitative
macrofossil evaluations performed (Whitehead 1964; Whitehead 1981; Frey 1951; Frey
1955; Hussey 1993; Delcourt and Delcourt 1991cBedt and Delcourt 1985). The analysis
and review of the Martin Marietta localifyaxodiumspecies will be one of the first during
the Pleistocene in North Carolina, d@odthe southeastern coastal plain in geneBadcause
this topic is of large debatthis research will help to provide a potential solution to our
vague understanding daxodiumafter the Miocene. There is much speculation and rather
few studies offaxodiumduring this span of time; however this study will provide

information aboufaxodiumespecially during the Pleistocene.



The Pleistocene was a period of climatic instability, with seven glacial cycles
occurring throughout the last 600,000 years (Delcourt and Delcourt 1991). However, the
focus of palynological research has bearthe last glacial maximum, the Wisconsin, into
the current Holocene Epoch (Bryant and Holloway 1985). Evidence will be proposed that
argues that the Martin Marietta locality sediments were deposited during an interglacial
period which is older than theigent Holocene. This would date the Martin Marietta
sediments up to 120,000 years in age, probably Sangamon interglacial, and will also be one
of the first studies during this time period for eastern North Carolina (Bryant and Holloway
1985; Stahle 2005)Analysis and evaluation of this locality will add to our knowledge about
interglacial periods in North Carolina where much is still unknown about species migration
patterns, refugia locations, and overall paleoclimatic conditions (Delcourt and Delcourt
1991). Understanding past interglagigdcial transitions will allow for us to gain a better
understanding of present flora and fauna distributions, affects of climatic changes, and how

to prepare for future climatic changes and their effects onfifonaa ecology.



MATERIAL AND METHODS

Geology and Description of the Martin Marietta Locality
The Martin Marietta locality can be found in New Hanover County, of the outer coastal plain
of North Carolinaa few miles north of Wilmington at the Martin Marietta QuarAgerial
photo of the site can be seen in Figure 1.1. Map of North Carolina and site location can be
found in Figure 1.4.The geology of the Martin Marietta locality is uncertairhe Martin
Marietta quarry is located on the Castle Hayne formaaarEocene limestone based
formation which is famous for its aquifer systeBtudies of the Castle Hayne formation and
of this particular quarry have been conducted but none so of Pleistocgupalarch
1973; Baum, Harris and Zullo 1978; Ward and Blackwelder 1980; Baum, Harris, and Dres
1985; Zullo and Harris 1986; Harris, Zullo, and Otte 1986). However, it is mentioned that
younger strata vary in thickness across the state depending on thg (Beaum, Harris, and
Zullo 1978). Fossil plant material was collected from the spoil he@pstos of the spoil
heaps, and the mine can be found in Figures 1.2 andrite®yrity of sediment layers has not
been compromised at this particular minehwieap deposits being uniform. The
Pleistocene sediments are treated as waste or overburdersediment layers in which
fossil samples occur aotay based. The sitappears to be a channel basimistoric
lacustrine deposit based on the surrougdapography and local sediments. It can be
concluded that these sedime(disy basedare Pleistocene in agather than Holocene
(sand based) or Eocene (limestone).

Though not directly associated with the Castle Hayne Formation, a recent study of
Pleistocene sedimentary formations was conducted along the Intracoastal Waterway near

Myrtle Beach, South Carolina (Statdeal. 1990). The oldest formation, Canepatch,



included plant fossil material which dated around 125,000 to 135,000 years B.P. ¢6adhle
1990). The study found buried at the site abundant cypFagsdium fossil remains in

peaty clay deposits. Staldeal (1990) reporthat Taxodiunremains (tunks and stumps)

have been discovered along the Atlantic Coastal Plain in peaty clay deposits. They argue that
the magnitude and timing of Pleistocene sea level changes along the coast and the
significance offaxodiumdeposits all of the relative same ageobably were buried around

the same time from a large change in sea level across the coastal plain some 125,000 years
B.P. (Stahleet al. 1990).

Materials and Techniques for Data Collection

A. PreLaboratory Collections

Lateral sampling was conductbyg Drs. James E. Mickle and Vince Schnieder. Fossil
collections were from the spoil heaps of Martin Marietta Mine. Samples were stored in large
plastic containers and individual sediment samples were wrapped in paper for protection.
Extant seeds were lbected from the North Carolina State University Herbarium, &nd
mucronatunseeds were donated from the University of Naples Botanical Gardens, Naples,
ltaly.

B. Macrofossil Macerations

Macrofossil isolation was conducted using a modified maceramique. Fossil material
was imbedded in loose clased sediment. This technique was developed by trial and error
based on the nature of the fossil preservation and sediment composition. Initially, samples
were placed in tap water with soaps higlsadium bicarbonate (NaHGP This process
released the plant material from the matrix, but was slow and time consuming. A modified

approach used hydrogen peroxide@p) increments starting with 15% concentrationsOH



concentrations of 15%, and 108%d a negative effect on the macrofossils and in some cases
destroyed samples completely. Using a series of lower concentrations, it was shown that a
concentration of 3% D, yielded little or no damaging results over a period of a few days.

It was detemined that samples placed in 3% over a period of two or more days would

be adequate for fossil isolation in the clagsed sediment. Loose sediment and fossil
samples were then sifteBUm2000um seriésfor isolation. Fossils were allowed to aiydr

on paper towels or mesh which had no visible negative effsater can damage

specimens)

C. Palynological Preparations

After consulting with Dr. Martin Farley of the University of North Carolina at Pembroke,
Department of Geology and Alfred Travelise ( 2 0 ®aleppalpnologi2™ Edition

published by Springer, we developed a standard technique for the palynological preparations
for loose clay sediments (Madhumi 2002; Traverse 2007). Dr. Martin Farley provided
expertise on protocol procedures @ndied in developing a specific protocol for the
Pleistocene material. A sediment sample eR3@rams was taken from a core of collected
material and pulverized with mortar and pestle uhglsediment was granular. The

pulverized sediment was transtt to 100 mL Tripour beakers for the removal of

carbonates, by covering the sediment with 10% hydrochloric acid (HCI). The process of
washing the sediment with HC| was repeated until no reaction occurred to ensure the
cleaning of the samples from sediheSediment was washed with water for neutralization,
and then covered in 49% hydrofluoric acid (HF) for 24 hours or more until chemical reaction
was complete. Additional HF washes were conducted over a period of two weeks, at least

twice per week, to esure removal of excessive amounts of organics and siliceous material.



After neutralization with water washes, the sediment residue was placed in sterile water
(dH20). Phenol (gHsOH) was added to the palynological sample to prevent fungal or
bacterial gowth in the medium. Acetolysis was considered but found to be unnecessary.

D. Slide Preparations

After palynological preparations were completed and neutralization had occurred, sample
residues were then mixed with glycerin jelly and mounted on stamdiaroscope slides

with coverslips (No. 1.5 22x40mm, No. 1 22x30mm, and No 1.5 22x22mm). To dry the
mounting medium, slides were kept upside down on toothpicks on a warming table at 40°C
for 2 days and then the coverslip was ringed with clear naillpotesating a tight seal, and
preventing degradation of the slides (Madhumi 2002). For this locality, 20+ slides were
prepared. Excess palynological samples not mounted were stored in a glass 100mL flask
with a few drops of phenol to prevent microbialwgtie. To prevent contamination of the
samples, all preparatory material and tools were washed in bleach and work place conditions
sterilized accordingly. Stored samples were also placed in air tight containers to prevent
contamination during slide prepéoms.

Identification of Taxa

A. Macrofossil Cross Sections

Fossil specimens were imbedded in synthetic plastic and cut using a Buehler IsoMet low
speed saw. Cut sections were approximately 0.025 of an inch. Cross sections were labeled
based on spetien number and cross section number. This technique was used to
reconstruct, section by section, the internal anatomy ofalkediumseeds. Comparisons

with modernTaxodiumspecies were conducted based on described characteristics in

literature descripons of the species.



B. Palynoflorads and Modern Keys

|l denti fication of seeds was completed using
Seeds, 0 a free identification pretag20;m based
Wright 2009). Palynomotpidentifications were done using comparisons with published

modern and paleopalynological keys and personal communications with other professional

pal ynol ogi st s. R oHow to Know(Roltep and Spor@dsBlished) by theo o k
William C. Brown Canpany was the key source for paleopalynological identificatidhe

Pollen Morphology and Plant Taxonorsegries of books by Gunnar Erdtman published by

the Hafner Publishing Company, Incorporated was a helpful aid in clarifying pollen to
specificfamilis and gener a. Mc Andr ews, Berti, and 1|
Poll en and Spores of the Great Lakes Regiono
other Pleistocene pollen samples and palynomorph average measurements during this time
period Al fred Tr aPaleopayeofbg2™ Ed2ioOn@ablishel loy Siringer

was an invaluable source for understanding basics of identification procedures of

palynomorphs and their general morphology, and was also a key aid in identifying

Pleistocae specific/dominate species. Dr. Martin Farley of the University of North Carolina

at Pembroke, Department of Geology, provided expertise on protocol procedures and
identifications of specific species.

C. Confocal Microscopy

A Zeiss LSM 710 confocal mioscope was used to take confocal and differential
interference contrast (DIC) images of the palynomorphs. This microscope is a laser scanning
confocal, which is capable of creatingsiacks and qua8iD representations of the

palynomorphs. A 458 nm, 8&m, 514 nm multiline argon laser was used to scan the



palynomorphs without fluorescent dyes. The palynomorphs were found to be
autofluorescent. Dr. Eva Johannes, the Interim Director of the Cellular and Molecular
Imaging Facility at North Carolina S&University was consulted on slide preparations and
auto florescent techniques.

D. Scanning Electron Microscopy

A JEOL 5900 LV scanning electron microscope was used to analyze cross sections of
Taxodiumseeds. Seeds were cleaned i@+and HCL, and allowed to dry under pressure

for one day. Seed cross sections were sputter coated in gold/palladium at 20KA thick on the
sides and 30KA thick on the top. Images were taken at 15kv.

E. Statistical Evaluations

SAS version 9.2 was used toafvate the statistical significance of specific characteristics of
Taxodiumseeds. A discriminate analysis was conducted. Dr. Consuelo Arellano of North
Carolina State Universityodés Department of

SAS protocobfor this evaluation.

St



PALYNOLGICAL ASSESSMENT
Background Information

A. History of the Pleistocene

The Pleistocene is a period known for its increased rate in climatic changes with the onset of
glacial periods followed by warm interglacial§he Pleistocene experienced up to seven
major glacialinterglacial cycles (Figure 2.1), with each varying in atmospherig CO
composition, longevity, and expansion across North America (Delcourt and Delcourt 1991,
Ruen 2005). North America experiencedkaist five ghcial maximums with the lllinoiand
the Wisconsin being the latter two occurrendcegh separated by the Sangamon interglacial
The Wisconsin has loosely been marked as ending with the beginning of the Holocene
(10,000 yrs B.P.), thoughithpoint is still in argument (Bryant and Holloway 1985).
Increasing evidence suggest that around 8600 yrs B.P., vegetation changes were
occurring, especiallin the southern United States (Bryant and Holloway 1985; Delcourt and
Delcourt 1985). Té LatePleistocene is well documented but few pollen records from early
preWisconsin glacial cycles are described (Bryant and Holloway 1985)Sdfrgamon
records exist but norfer the southeastern United States (Bryant and Holloway 1985).
Research ofate Pleistocene floras in the southeastern United States have yielded
conflicting results about vegetation and climatic conditions, because of an increase in varied
results and habitats (LaMoreaeial.2009). Holocene records from NorthrGiina are ado
limited to a fewkey studies but none that is considered modern (Frey 1951; Frey 1953; Frey
1955; Whitehead 1964; Whitehead 1981). However, there is paleoecological evidence
during the Quaternary that shows how change in climatic conditions canpddiieit

ecosystems, including the glacial cycles of the Pleistocene (Delcourt and Delcourt 1991).
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Species richness and diversity, migration patterns, community composition, and dispersion
patterns on a species by species level has been shown to chadgget dreem climate change
during the Quaternary (Delcourt and Delcourt 1991). Climatic shifts that have a lasting
range from hundreds to thousands of years can produce instability even at the species level
(Delcourt and Delcourt 1991). As with the Plecsine, sudden and dramatic change in

climate affected species distribution and migration. More evidence has shown that areas
known as refugia are becoming increasingly common, along with evadenceof stable or

few vegetationathanges further south dng the Wisconsin glacial maximum (Frey 1953).
Refugia locations, where the topography or abiotic conditions remain stable, have protected
some species from dropping temperatures and climatic affects along the edge of the
Laurentide ice sheet (Delcowmd Delcourt 1991). Overall, the Pleistocene was a period of
dramatic change and offers a perfect case study of how plant communities are affected by
their climate.

B. Other Analyses in the Southeast and North Carolina

Relatively few palynological stuels have ben conducted in North Caroliaad the

southeastern United States. Some key studies have been conducted which the author has
used as a basis for his palynological comparisons and understanding of the changing flora
during the Late Pleistocemad Early Holocene. Frey (1951, 1953, 1955) in his evaluation

of Singletary Late, NC described the pollen flora from the early Holocene/Bo®nsin
glacial. Frey also noted that his age estimates for the middle and bottom sediment layers
probably dée back to Sangamon or later ages. Frey (1953) proposed a generalized pollen
diagram for the regiothatcan be found in Figure 2.2. From his overall study, and

corrections about the age of the locality, it was shown that climatic changes did change
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comnunity composition; however the flora was shown to rebound back into similar states
during interglacials. Frey (1951, 1953) also noted that some key species were indicators of
glacial or cooler climategsheseincludelsoetes, Tsugand abundarRiceapollen.

Whitehead (1964, 1981) analyzed fglacial vegetation in southeastern North Carolina,
including Singletary Lake. Whitehead showed that during egfattial period in North

Carolina, PineéSpruceFir forest were dominanalong with abundansoetesspores that

were not affected by increases in PBgruceFir abundance. Hussey (1993) studied the

20,000 year history of Clear Pond in Myrtle Beach, SC. He came to the same conclusions as
Whitehead and Frey, but noted that pollen abundance can difedlon the habitat of the

site.

Paleotoristics of the Martin Marietta Locality

A. Approach

A presenceabsence approach was considered the best method to conduct for thisTsiady.
approach determines the palynoflora and the paleoclimate optugis habitat and North
Carolina during this time period. From the palynoflora we can nmé&eences about habitat

type andclimate, andve candetermine a relative age of this locality/ith few

palynological examples and geologic uncertainty, it was considered optimal to construct a
community flora using presenadsence until more information is gained from the geology

and exact dating of the siteFollowing a presencabsence survew relative abundance was
conducted using counts of three slides. This second approach is incomplete and represents a

work in progress.
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B. Results of Pollen Analysis

A palynological assessment of the sediment shows a wide range in diversity. Sabalts
analysis can be found in Table 1.1. Palynomorphs found include, but are not limited to
Pinus, Taxodiaceouypes Picea, Alnus, Liqudambar, Betula, Quercus, llex, Nyssa,
Monolete Fern typedPoaceae, Ambrosia sppnd othelCompositae Fungaldiatom, and
protozoan dinoflagellate palynomorphs are also prepemtidingevidenceof a wetland or
riverine setting. From the analysis it was easily determinedPthaswas the dominant
genus followed byuercusand then grass species. More imaptty was the abundance of
wetland species including Taxodiace@axXodium andNyssapollen types, along with Fern
andSphagnunspores. A relative abundance was estimated based on counts of 3 slides.
Though incomplete for the flora, this relative abumdagives a basic idea to species
richness and diversity found at this site.

With these species we can infer what the habitat was like at the Martin Marietta
Locality or surrounding communities. The first habitat identified wast@#andcommunity.
This assessment is supported by the geology of the site as a lacustrine deposit, or riverine
habitat. Wetland species common in this palynoflora are comparable to modern wetland
species found in areas such as the Carolina Bays, low level swamps, andrmkger Also
seen in this flora is abundant grass species, alongRivitisspecies. This is characteristic of
Pinesavanna habitats which also have wetland associations such as pocosins and swamps.
The last major habitat type found would be characteradta mixed mesic deciduous forest,
with Quercusbeing the dominargenus. Examples of pollen types found can be seen in

Figure 2.3.
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Dating the Locality

From the palynology and the geology of the sitepvavide an estimated date fibie

locality. For exact dating, radiocarbon analysis, thermoluminescence dating, or other
isotopic methods are required (Delcourt and Delcourt 1985). A relative date can be obtained
from the site geology and palynology. Some pollen or spores candasiselicator

species to determine climat&éaxodiumpollen is a warm, wet climate indicator (Frey 1951).
While on the other hanildoetesspores are typical of cooler, wet climates associated with
glacial periods (Frey 1951). Using these indicatomnabwith the abundance of deciduous
species it can be determined that this site is interglacial. The presence of mesophytic types
indicates that the climate was moist and warm. Grasses, composites, and sedge pollen
percentages are less than the tots pollen types, indicating that the surrounding area was
forested rather than open or prairie (Frey 1951). The absefsmetéss important, not

only as an indicator of cooler climates, but also as a species not associated with brown, or
acidic watercommon in North Carolina (Frey 1951).

The site is clearly interglacial, but determining which interglacial becomes
complicated. The geology of the site is uncertain, but it is certain that the sediment is not
Holocene interglacial in agesand based sedimentBased on the clay based sediment, plant
taphonomic state, and locality information it is probable that the site is older than mid
Wisconsin. The Wisconsin glacial period reached a maximum around 23 thousand years
B.P., but simar climates comparable to the palynoflatenatesdescribed from the Martin
Marietta Locality last occurred over 38,000 years B.P. (Frey 1951, 1953). The locality is
also similar to the reportethxodiumsites along the Atlantic Coaisicluding the clayased

sedimentgStahleet al. 1990). Stahleet al (1990) argues that these sites are all correlated
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to the same sea level increase during the Late Pleistocene dating as far back as 125,000 years.
This would date the locality as Sangamoterglacid Until more data arprovided, we will
date this locality Lat&Ssangamon to Early Wisconsin interglacial. An exact date will be

determind at a future time.
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TAXODIUM SEEDS OF THE MID -LATE PLEISTOCENE
Descriptions of Extant Species

A. Extant Species Taxonomic Debate

The current status of the species of the gdax®diumhas yet to be determined and the
current debate is centered on the taxonomy of the three sp&adesdium distichurs the

type species for the genus (Farjon 200Taxodium ascendersdT. distichumare treated

as sympatric varieties commonly nanledlistichum(L.) Rich. var.imbricariumandT.
distichumvar. distichum(Nutt.) Croom, respectively, depending on the source of
classification (Weakley 2010). Farj (2005) also argues that all three species in the genus
could be treated as the same species with varieties, or subspecies. However, thelstatus of
mucronatums especially considered since it is the national tree of Mexico, and a famous
ornamental (&rjon 2005). Farjon (2005) details how there are very few morphological
distinctions in cuticle morphology, cone characteristics, and plant architecture including
deciduous phenology between the three species. However, Farjon conflic&oditey

(1988)in his treatmendf Taxodiumwhich evaluated population morphology differences
betweenTl. ascendenandT. distichum Godfrey (1988) find3. ascendensndT. distichum
distinct, but each appears to mimic each other on some occasions, especiallyudanig
years. Weakley (2010) describes instances of hybrid habitats, and pseudointermediates that
cause difficulties in field identification betwe@nascendenandT. distichum. &xodium
distichumbegins to resembl€. mucronatunin architecture antVeakley (2010) suggests

the possibility of introgression. This has led other authors toTfreaticronatunas a third
variety of T. distichumgcommonly calledr. distichunvar. mexicanunGordan (Weakley

2010).
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Genetic analyses dfaxodiumhave been conducted and yield similar results to Farjon
(2005) and his argument of varietal status for the two southern United States species.
Tsumuraet al.(1999) conducted an evaluation of the genetic differenc&€sdrstichumand
T. ascendenssingcleaved amplified polymorphic sequences (CAPS). Using specific DNA
markers, comparisons were conducted agé&ingbtomeria japonicaa close relative of
Taxodium Most of the genetic variation was found within populations (91%) rather than
between diffeent populations (4.9%) and the two test taxa (3.2%). Results of this study
suggested that Poraypress and Baldypress were not distinct species but rather varieties
(Tsumureet al.1999). Lickey and Walker (2002) performed a similar genetic analysig u
allozyme differences within populations and across populations with more than 400
individuals sampled across 21 locations. Their results agreed with Tushalrél999) in
that Ponecypress and Baldypress differed in only one locus of 11 testedatkey and
Walker (2002) also suggest thatdistichumandT. ascendenare varieties of the same
species.

The two specied]. distichumandT. ascendensn North Carolina are distinct in their
specific habitat and exhibit morphological differencesat$in (1983) expressed thoughts on
speciation processes that resulted in the varietal species of bald cypress and pond cypress.
Further arguments on this subject will be discussed after the evaluation of the late Pleistocene
Taxodiumspecies found at tHdartin Marietta locality.

B. Taxodium distichunfLinnaeus) Richard

Species description adapted frodteakley(2010) and Watson (1993).
Taxodium distichuris commonly called thBald-cypress tree, is found in brown and black

water swamps across the southeastern United States, and is frequently found in riverine
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situations giving the species a very broad range. A distribution map is shown in Figure 3.1.
However,Weakley(2010) decribes the species as being rare in the Piedmont and Interior
Low Plateau of North Carolina as well as in its northernmost limits of Delaware. This
species of tree is seasonally cladopt¢senesced branchem)d like otheTaxodium
species, it is a detuous conifer which produces leaves in early to mid spring (Watson
1993). Taxodium distichurproduces mature cones around late fall, typically early to mid
October in central North Carolina. It is also a widely used cultivare, though when not in its
naural habitat itommonlydoes not produce pneumatophores, simply known as knees.
Weakley(2010) describe$axodium distichuras having large pneumatophores
(knees) that are often more than 4 dm tall which is normally conical, mainly tapering at the
tops He also depicts the knees as having thin to shreddy bark. Watson (1993) describes the
trunk as often enlarged basally, and buttressed in more frequent flooded haW&skley
(2010) further explaing. distichumas producing leafy branchlets tlsarread laterally from
the twigs, sometimes used as a field identification characteristic, except in the crowns of
mature trees that sometimes mimic that odscendensThe crown is often monopodial and
conic when young, and as Watson (1993) describesntiag irregular flattopped or
deliguescent in aged specimens. Watson (1993Weakley(2010) further portray.
distichumleaves as linear to lanceolate, spirally arranged, mos2ly @m long, sometimes
smaller near the crown and level to flat compaweother genera specied/eakley(2010)
further explains how the spiral arrangement is created by the twisting of the basal portions,
creating a pseuddistichous appearance. Occasionally, appressed leaves only on drooping
branches of the crown will gear. Watson (1993) describes the shoot system as being

evidently dimorphic with the long shoots being indeterminate and the short shoots being

18



determinate. He explains how long shoot leaves abscise in the fall along with the entire short
shoots, with sme cases of total shoot abscission. Watson (1993) destakedium
distichumshoot development as usually being pendent to horizontally spreading, which
produce decurrent divergent leaves in two rows. Weakley (2010) illustrates that a striking
characteistic of Taxodium distichuns the shreddyrange brown strips from exfoliating

bark, that is thin and usually less than 1 cm thick. Watson (1993) describes the pollen cones
as being in pendent panicles and noticeable in winter prior to pollinatiofurtder
describes the seed cones as ranging from 1.
research, it has been found that mature seeds sometimes range largexompared to
those documentegdable 2.1).

C. Taxodium ascenderyrongniart

Species description adapted fraeakley(2010) and Watson (1993).
Taxodium ascendemscommonly called the Portlypress tree, and has a more restricted
range thamaxodium distichumWeakley(2010) describes it as being common in ponds,
clay-based Carolia Bays, wet savannas, pocosins and other wet to peaty habitats. Figure 3.2
shows the known distribution dfaxodium ascendend.ike Taxodium distichunt is also
found along the shores of natural black water lakes, and along black water streams from
swanps but less so in standing waté/dakley2010). It is common across its range except
for Delaware where it is rare. It produces leaves during early to mid spring and produces
cones in late fall, typically early to mid October in central North Carolaakley(2010)
described. ascendenas one of the most widely scenic trees across the United States.
Weakley(2010) describe$. ascendenas producing large pneumatophores that are

rarely greater than 4 dm tall. He describes the knees as beingheoland moundike
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instead of conical lik&. distichum Weakley(2010) also states that the pneumatophores are
mostly covered with thick, compact bark on topaxodium ascendemrgso produces leafy
branchlets ascending from the twigs were its name is derived from. The leaves are mostly
ascending or uniformed vertically with sizes ranging fred03nm long and in some

occasions juveniles produce larger leawwegkley2010). Weekley (2010) describes the

leaves as being secundly (arranged to one side or angle) erect due to the curving of the leaflet
base positioning the apical portion of the branchlet in a vertical plane. He further elaborates
that this characteristic is sometisa@bsent from juvenile trees which minficdistichum
Weakley(2010) explains that the leaves are subulate uiilikdstichum but are similar td.
distichumin that they also appear spirally arranged. However, the leaves are not spread
laterally or eatherlike, except on juvenilesWeakley(2010) explains that the exfoliating

bark differs fromT. distichunby having furrowed bark brown strips, and is usually greater
than 1 cm thick.

Watson (1993) considefis distichumandT. ascenden® be vareties of the same
species, but pure populations of extreme characteristics can be found. He describes a
characteristic extremseenof the branchlets and leaves being strictly ascending, which
can be synonymous with characteristic§ ohscendensWatson (1993) describes that the
varieties are generally indistinguishable in reproductive characteristics. Finally, Watson
(1993) concedes that pure stands are morphologically and ecological distinct.

D. Taxodium mucronaturmhenore

Species description agted from Tenore (1853) and Schopmeyer (1974).
Taxodium mucronatupcommonly called the Mexican cypress, is very similar.to

distichumwith few key differences. As with. distichumit is found in riverine habitats, but
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chiefly native to Mexico and sthern Texas (Farjon 2005). A distribution map can be found
on Figure 3.3.Taxodium mucronatumiiffers fromT. distichumandT. ascendenm leaf
persistence, by being mostly evergreen to sarergreen (Schopmeyer 1974). Pollen cones

are noticeable lger than the two northern species, while the seed cones mature and disperse
during autumn rather than spring agirdistichum(Schopmeyer 1974). The species is

known for its age and ability to attain great size.

Descriptions of Extinct Species

A. A Brief History of theTaxodiumSequoiaMetasequoidPaleobotanical Confusion

The gener&equoiaandTaxodium before the discovery dfletasequoiawere shrouded in
systematic and taxonomic debates and confusion. Upon the discoweyaskquoiaDr.
RalphChaney of the University of California performed an extensive restudy of the three
genera and formulated the exhaustive diagnostic characteristics to clearly identify
paleobotaital species belonging to one of p®ups (Chaney 1950). Chaney cataloged
hundreds of fossil specimens, and reviewed the collections of many of his contemporaries
and predecessors to correctly classify a cen
limited to American paleobotanical collections with resources providedghrihie Museum

of Paleontology of the University of California which had access to records across the United
States, and with sparse access to European records through the collections of Dana, Hayden,
Newberry, Lesquerex, and others (Chaney 1950). Cha®&@) provided a history of
TaxodiumandSequoiahat showed, for over a century, the confusion associated with placing
newly discovered species within these genera, and at the lack of studying fossil phyllotaxy
which would have helped create the third yggMetasequoidefore the discovery of the

living Chinese species. Chaney (1950) states in his review that most records show that the
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importance in aging a specimen and consideration of habitat would have alleviated some of
the errors associated with identifyind axodiumspecies. Upon completion of his revidve,
renamedive species o axodiumto Metasequoiawhile five species obejuoiafoliage
were reclassified aBaxodium(Chaney 1950). Chaney (1950) states that the species
confusion was so great, that all pagmecimens oSequoisandTaxodiumneed to be
reviewed and examined using leaf based characters to determine contftadiens. In
conclusion of his review, one fossil specie§ akodiumwas identified a3 axodium dubium
(Sternberg) Heer, which includes an exhaustive list of synonymous species and a respectable
amount of evaluation from him and previous authorsoAbecause of this revision the
paleaspecies offaxodiumdecreased from more than a dozen species to just one.

Aulenback and LePage (1998) described a Tanodiumfound in the Upper
Cretaceous calletdaxodium wallissiAulenback et LePage sp. novhis species is the
oldest knowrTaxodiumto be discovered and the first one discovered that plleabezdiumin
the Cretaceous. Aul enback and LePage (1998)
and special characteristics is important faz@eslevel identification, wheles seed cone
morphology is essential for genet@yvel identifications. Unfortunately, seed cones that are
found intact or whole are rare compared to branches or leaves. Kuneh@tng&009)
analysis ofTaxodiumin the Paleogne and Neogene of Central Europe agrees with Chaney
and his evaluation dfaxodiumin the American paleobotanical record. All species found in
Central Europe have been designatefiaasdium dubiumwith two additional forma
designated asaxodiumdubium(Sternberg) Heer, formiaeerii (Dorofeev, 1976) stat. nov. et
emend, and axodium dubiuniSternberyyHeer, formadubiumwhich differs based on the

lack of spines or thorns on the cone scales.
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B. Taxodium wallissiAulenback et LePage sp. nov

Species desigtion adapted from Aulenback and LePage (1998).

Taxodium wallissiwas found in Upper Cretaceous silicified remains in the Horseshoe
Canyon Formation in Alberf&anada (Aulenback and LePage 1998). Aulenback and
LePage describ€. wallissiias branchinglternatively with dimorphic leaves, taxodioid and
cupressoid, that appear helically arranged (1998gy Tiwther state that both leigfpes are
persistent. The taxodioid leaves are decuyaggearing acicular, acuminate, and linear
falcate with sizesip to 11.5 mm long and 1.0 mm wide. The cupressoid leaves are
nondecurrent appearing ovate with an acute to acuminate apex ran¢mng.apnm long

and 1.5 mm widehowever this leaf type is rare. Aulenback and LePage (1998) state that
cupressoid leaas are subtending the staminate and pistilate axes, which are persistent
sometimes falate, and range up to 5.0 mm lamgd 1.75 mm wideTaxodium wallissiseed
cones are globose in shape while erect on stalks, and are arranged alternately on the
branches. The seed cones have been found to have up to fifteen helically arranged imbricate
bractscale omplexeghat are deciduous (Aulenback and LePad#8).9 Seeds are found

two per scale unequally three angledth sizes ranging from 4-0.0 mm long to 1.%.5 mm
wide (Aulenback and LePage 1998)axodium wallissistaminate cones are arranged in

long terminal panicles with up to nine helically arrashg@crosporophylls which are typical

of extantTaxodiumspecies (Aulenback and LePage 1998). Pollen is also typical of other
Taxodiumspeciesonly on a smaller scale. Aulenback and LePage (1998) state that the
vasculature and arrangement of the resimatsain the cone scales are a unique characteristic
of T. wallissii The resin canals in immature bracts begin as a central canal with two lateral

canals that end in the bract mucro, while mature bracts have three sets of canals to form from
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the bifurcaton of the lateral and central canals (Aulenback and LePage 1998). This elaborate
setup produces resin canals that supply the bract and are well developed where seed
attachment occurs. Aulenback and LePage state that this is more completxutiamesn

any extanfTaxodiumspecies (1998).T. wallissiihabitat is interpreted to heom an alluvial
wetland in a coastal plain that was paleoclimatically humid and frost free (Aulenback and
LePage 1998).

C. Taxodium dubiuniSternberq) Heer

Speciesdescripi on adapted from Chaney (1950), whict
and Kunzmanet al.(2009).
Taxodium dubiumwas first found in the Paleoce®cene of Alaska and Canada, #nd
appears tthavebecome widespread during the Middle Tertjavizere it began migrating
into the Upper and Southern United States (Chaney 1950). Chaney (1950) states that from
the fossil record, the last known occurrencé& oflubiumwas in transitional age deposits of
Miocene to Pliocene in the West and from Eocenditz&he in the southeastern United
States. No Quaternary fossilsTafdubiumhave been found.

Taxodium dubiunalso has long shoot and short shoot organization when compared to
T. distichum The shoot system is dimorphic, with the leaves mostly ai¢GChaney 1950).
Chaney (1950) describes long shoots as having widely spaced needles (single leaves) that are
up to 1.2 mm long and 1.0 mm wide, which are spirally arranged and occasionally producing
alternate short shoots in their axils. He furthecdbss short shoots that are slender, while
either straight or curving, that are up to 8 cm long and at times bearing 60 leaves helically
attached at maturity in a distichous position. The leaves of the short shoots are largest at the

middle, and decrease length towards the apex (Chaney 1950). Leaf blades are linear to
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lanceolate, with abrupt round to narrow and short decurrent bases that when in angle appears
to have a short petiole (Kunzmaenal 2009, Chaney 1950). The leaf tips are mostly acute,
with sizes ranging from 5 to 17 mm long, and 0.5 to 1.2 mm wide (Chaney 1950). Complete
seed caes are rare, but are globoselvape, spirally attached with helically arranged bract
scale complexes that are commonly deciduous (Kunzreeaar2009, Chamng 1950). Seed

cone brackcales are shield shaped with protruding margins that can vary in size.
Ornamentation of the brastale margins distinguishes the two forma that are found in

Central Europe, althoughis isnot the only differential charactetiis (Kunzmanret al

2009). Taxodiumdubium(Sternberg) Heer, formiaeerii (Dorofeev, 1976) stat. nov. et

emend has significantly more ornamentation comparda@xodium dubiuniSternbery

Heer, formadubiumwhich can be either smooth h@avingvery little ornamentation

(Kunzmanret. al2009). Seeds are born two per scale, and depending upon the author are
either vestigial or thick winged at the three lateral ridges, but are traditionally shaped singular
to triangular like extantaxodiumspecis. The staminate conesfdubiumare found in

panicles on short shoots, with the branches found regularly detached (Chaney 1950). The
staminate cones are arranged spirally, but are not born in pairs but singly with globular to
ovoid shape and up toriim in diameter (Chaney 1950).

Current Knowledge of Taxodium Seeds

A. Background Information

Taxodiumis considered a relic genus in age and in discovery. The age in which most
species of the genus were described focused more on leaf characteristics, plant form, and
overall plant anatomy, and less so on seed morphology and anatomy. This is reasonable

since leaf morphology was the major distinguishing characteristic for the genus until recently
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(Aulenback and LePage 1998). The original descriptioh diibiumseeds described the
shape as being angular, heavily ribbed, with thick wings, and a geizeraf 42 mm long to
10 mm wide (Chaney 1950 he Aulenback and LePage (1998) descriptio owvallissii
provides the best detail of seed anatomy of the fossil species compared to the extant species.
They describd. wallissiiseeds to be unequally #&angled and to have sizes ranging from
4.09.0 mm long to 1.%.5 mm wide. Aulenback and LePage (1998) analyzed the internal
anatomy of thd'. wallissiiseeds and discovered three distinct layers of the seed coat, which
could be differentiated based oell shapes, height, and location. However, it was their
study and comparison 0t wallissiiseed anatomy to the extant species that provided a new
distinguishing characteristic for the genus.

Extant species dfaxodiumhave three distinct layers dfe seed coat tissue
(Aulenback and LePage 1998, Werker 1997). The outer layer (exotesta) is composed of
rectangular cells that form a thin single layer, while the middle layer (mesotesta) is spongy
because of its composed mixture of isodiametric andlptpiells (Aulenback and LePage
1998). The outer and middle layers are the same for all three extant species, but the inner
layer (endotesta) of the seed coat is the differential charactefistkmdiumdistichumhas a
thick inner layer on the abaxiahd adaxial surfaces, while the lateral walls of the inner layer
are thinner (Aulenback and LePage 1998). This differs from the other two extant species,
ascendenandT. mucronatumin that the inner layer of the seed coat is uniformly thin
(Aulenbackand LePage 1998). This is a new characteristic that can be added to the list of
morphdogical differences seen amotige three species, biiis alsoimportant in that it is a
new differentiating characteristic betweenascendenandT. distichumwhich aremore

commonly seen as one specidaxodium distichurseeds can be seen in Figure 3.4,
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ascendenseeds can be seen in Figure 3.5, Bnochucronatunseeds can be seen in Figure
3.6.

One last issue to point out when talking abbatodiumfossil seeds, is fossil seed
assemblage sorting bias in an estuarine environment. Sims and Cassara (2009) performed a
field study to compare a living hawiood forest and salt marsh community to the death seed
assemblages collected in a nearby tidal estuargul®eof their study revealed that death
assemblages collected from the tidal estuary differed significantly from the source
communities (Sims and Cassara 2009). Their study showed thatse@@lmorphotypes
were less represented in the collected desgbrablages, and 45% of the death assemblage
collected was in the life assemblages but more so only 33% ofehrespn the life
assemblage wem@esent in the death assemblage (Sims and Cassara 2009). ,@heerall
study showed that estuarine environmsesnly collect a small representation of the local
seed community, with bias likely to derive from issues of transport into natural collection
areas (Sims and Cassara 2009). This also creates a problem when creatirgizea seed
distribution of a communyt and affect§ axodiumseeds which appear to be favored in
taphonomic processes in estuarine communities or wetlrzdéks to having a relatively
large seed, and being nanborescent (Sims and Cassara 2009).

B. Results of Cross Section Analysis of the new Pleisto€arediumSeeds

Fossil seeds can be seen in Figure 3.7 unclean, and cleaned@jtand 10% HCL in

Figure 3.8. Initially, longitudinal sections were made using an IsoMet low speed saw. These
sections showed that the fossdxodiumseeds were very similar to the extant species.

Figures 3.9 and 3.10 show how the seed coat is composed of three distinct layers. Scanning

electron images were taken of cross sections of the seeds (Figure 3.1duar®BHi2). The
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outer layer (exotesta) of the testa showed that it had a single layer of rectangular cells which
is identical to the three extant species (Figure 3.13). The middle layer (mesotesta) of the
testa was composed isbdiametric and papillateells that form a spongy layer very similar

to those ofthe extant species, and thickness of this layer is comparable also (Figure 3.13).
However the inner layer (endotesta) of the testa is uniformly thin in longitudinal section and
cross section (Figurg 14 and Figure 3.15). This is identicalltoascendenandT.

mucronatunrbut differs from the enlarged abaxial and adaxial portioris distichund s

inner testa layer. Overall the fossil seeds are very simitapose ofthe extant species, but
havesome key differencabatappear on a testa layer by layer basis (Table 2.2)

Statistical Analysis and Comparisons

A. Explanation of Methods Used

SAS version 9.2 was used to evaluate the statistical significance of specific characteristics of
Taxodiumseeds. A discriminant analysis was conducted with 290 observations on three

variables of four categorical groups. The variables include three continuous, numeric

variables (seed length, seed width, and seed lesggtti width ratios) and four categorical

groups, the three extamtaxodiumspecies and the fosJibxodiumfrom the Pleistocene. For

this analysis comparisons were conducted between the individual varciidscted a

multivariate analysis, and overdkitermine if the species were significardliferent. Dr.

Consuelo Arellanpof Nort h Carolina State Universityos
consulted to develop a specific SAS protocol for this evaluation. Both the proc discrim and

proc candisc procedures were used and yielded the sants.rBstih procedures produce

canonical correlations, which compares sets of data and linear combinations between similar
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variables. An important note thatdiscriminant analysis is not a cluster aneysVith
discriminant analysjgorior knowledge othe classes or categorical groups is required.

B. Results

Initially, a comparison was made between the three extant species and thEafassilim

(Table 2.3). Three variables were used as discriminants and four classes which represent
different spe@s. Seed counts differed for all four species depending on availability, while
most of the fossil seeds were used unless not whole or broken (Table 2.4). 290 seeds were
used overall in this initial sample. Comparisons were conducted in SAS, beginrhrtgevit

Seed Length and Seed Width Ratios (SLSW_Ratio) shown in Figure 3.16. This chart shows
that the fossilTaxodiumhas a larger range in SLSW_Ratio compdoethe extant species,

and also helps demonstraitat the seeds are noticeably largéraphirg the SLSW_Ratio
compared to either the seed length or seed width shows theliassdiumas having a wide
range that overlaps and engulfs the three extant species (Figures 3.17, an@@i@&ring

just seed length argked width (Figure 3.19) yieldamilar results. A 3D representation of

the SLSW_Ratio along with seed length and seed width was drawn to gather a spatial
representation of the fodiaxodiumspecies (Figure 3.20). Both proc candisc and proc

discrim yielded the same results for the nvaltiate test. SAS 9.2 runs four different
multivariate tests simultaneously and all tests showed significant differences (Table 2.5). P
values (P < 0.001) for all tests reject the null hypothesis that all canonical correlations are
equal to zero. The Yalues show that the groups are significantly different from each other.
Table 2.6 shows the canonical correlations that were calculated from comparing the variables
and produced variable values from the categorical groups (species). Table 2.6 continued

shows the eigenvalues and likelihood ratios calculated from the canonical correlations that
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were adjusted and squared. The larger the canonical correlations the more significantly
different the likelihood ratios will be. Likelihood ratios are a teghefnull hypothesis, that
the canonical correlations are zero, which were rejected by being significantly different. A
crossvalidation summarysing the quadratic discriminafuinction (Table 2.7) was
conducted.This procedure calculates from given variable information the most likely
grouping it should occur intatisticaly, compared to natural groupings already
predetermined The fossil seeds were classified 60.91% otithe into theirown distinct

group wth 20.91% placed in th€. ascendengroup, 8.18% placed in the distichum

group, and 10% placed in tie mucronatungroup ComparingT. distichumandT.
ascendensover 55% and 61.67% of the time the respective seeds were placed in the correct
groupsbut 35% and 33.33% of the time placed in the other grdupucronatunappears

more distinct with 91% of its seeds placed within the correct group. It is from this data set
that we can calculate error rates with the foBakodiumseeds placed in orod the extant
groups 39% of the time, but comparedtanucronatunwith only 9% error rates (Table

2.8). It became clear th&it mucronatunwas a distinct group from not only the other extant
species but also the fossil species.

A second SAS analysissing proc discrim and proc candisas conductedut
excludedT. mucronatum Data summary can be found in Tables 2.9 and 2.10. 190 seeds
were used in this analysis with 3 variables and 3 categorical groups. The multivariate tests
showed significant fflerences (Table 2.11). P values (P < 0.001) for all tests reject the null
hypothesis that all canonical correlations are equal to zero. The P values show that the
groups are significantly different from each other. Table 2.12 shows the canonical

correhtions, eigenvalues, and likelihood ratios calculated from the canonical correlations that
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were adjusted and squared. The likelihood ratios also proved to be significantly different. A
crossvalidation summarysing the quadratic discriminafunction (Table 2.13) was also
conducted. The fossil seeds were classified 70.91% oiftleeinto theirown distinct group
with 20.91% placed in th€. ascendengroup, and 8.18% placed in thedistichumgroup.
Compared to the first analysis, somemucronatunseeds were placed into the fossil group
and theT. ascendenandT. distichunratios stayed the same. Error counts for the fossil
Taxodiumseeds was also lower at 29% (Tables 2.14). However, thiStiamcendens
gained a lower error rate of 20% dueat80% correct grouping. These results show that
without T. mucronatumT. distichumandT. ascendensecomenoticeably different as groups
while the fossil species becomes more distinct as a separate group.
Description and Systematics ofaxodium macropermalocklear and Mickle
Compiling all of the known data available, it is clear that the f@ssibdiumseeds differ
from the extant species based on overall gross mtogy, seed coat anatomy, and are
significantly different statistically. It is imptant to place this species on record until
additional evidence surfaces to aid and better understand the species and genus overall.
Systematics

Taxodium macrospermgp. nov. Locklear and Mickle
Diagnosis: Seeds unequally three angled, averaghig®mlong by 39 mm wide,
appearing small winged to having raised edges, and dark brown to light brown in color.
Hilum is large and lighter in color compared to the rest of the seed surface. Seed coat
consists of three distinct layers comparable to extaheatinct species in the genus.
Collecting Locality: Martin Marietta Mine, Wilmington, New Hanover County, North

Carolina. (Latitude 34A 22. 3686 N, Longitu
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Age: Interglacial Pleistoceng@robably Late Sangamdgarly Wisconsin
Holotype: NCSU Paleobotanical Collections #1000, Figure 3.21

Description of Species
The seeds ofaxodium macrospermare unequally three angled, irregular in shape, and are
larger in size compared to the extant species in the genus (Figures 345,38d 3.21).
The seeds averageld mm long by 3 mm wide and the depth of the seeds vary with no
clear correlation to seed length or seed width. The seeds are dark brown to light brown in
color after hydrogen peroxide washes, and the hilum is ligh@lor compared to the rest
of the seed and occupies up to a third of the seed surface. The seed surface is not glabrous but
ratherrugulose and striate, and itderky in appearance. Tiseed surface is porous, ke
athigh magnification, and pbablyvascularized (Figures 3.22, and 3.23). The anatomy of
the testa shows three distinct layers: an outer and thin exotesta, a middle spongy mesotesta,
and a thin endotesta. The exotesta is a single layer of rectangular cells with a general
uniform thckness (Figure 3.13). The mesotesta is thick, ranging over ten times to twenty
times thicker than the exotesta, and is composed of isodiametric and papillate cells that form
a spongy layer in appearance and fuction (Figure 3.13). The endotesta is\yrtifian, as
seen in Figure 3.15, and is shown to separate from the mesotesta if damaged as seen in
Figure 3.24. The endotesta is thinner than the exotesta. Degraded and desiccated embryos
can be found in some seed cross sections, but no informatidre ciiermined from their
current state as seen in Figure 3.25. The embryo is centered to irregular positioned
longitudinally, but more centered in cross section. The micropyle is visible on some seeds,
and can be clearly seen in a longitudinal seed ispBEM (Figure 3.26). The micropylar

end of the seedistypically attenuate, while the chalaza end of the seed is usually obtuse
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(Figure 3.21). The position and anatomy of the emizywobably similar to the extant
species; a diagram of the extant@ps anatomy cabe seen in Figure 3.27.

Discussion

The fossilTaxodiumseeds discovered from the Martin Marietta locality have offered
conflicting results Evidence showghat the seeds différom the three extant specjésit
also appears similar many ways. These results, however, were expe&éekn its
occurrenceluring the Pleistocene, the fossil species should be very similar to the living
species today. As seen with the living species andrfeing taxonomic debatebout their
nomenchtural status, it is agredtat the species within the genus are very similar. This
fossil specimen discovered has the potential to help clear up this debate, at least in
paleobotanical terms and offers ideas about genus radiation. Once we look dbtiiehis
the genus we can see tfA@xodiumis a reserved, relic, and stable taxon with few species
discovered over its 80 million year history. The discovery of an intermediate or transitional
species would help explain the current debate ongoing witkigénus.

Taxodium macrospernseeds differ fronextant species based on general gross
morphology (seed size). The fossil seeds are larger, in comparison with the extant species,
with dramatic size differences comparedtanucronatunwhich has smaller seeds
compared td'. distichumandT. ascendenéSummary in Table 2.1). A factor that must be
taken into consideration is sorting bias in the paleobotanical record. However, a review of
seed dispersal for the genus and an understanélitgnatural habitats show that the species
of Taxodiumareadaptedo wet, lacustrine, or standing water types of environments.
Taxodiumseeds have adapted to these environmental situations with thick testa and flanges

for increased surface arallowing the seeds to float, alperiods of water saturatiare
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needed for seed germination to occur (Watson 1988%odiumseed testa thickness and
composition, such as a spongy or corky mesotesta, allows for the seeds withoatrying
size differencs of theseed showing no initial bias (Werker 1997, Watson 1983). Testa
thickness appears to be a dispersal mechanism designed for situations where the species is in
standing water, especially for ascendengond cypress (Werké997, Watson 1983)lt is
these details that lead me to believe that sorting bias is minimBékodium macrosperma
since seed anatomy helps prevent sorting bias iffloxeing habitats or situations. Ranges
in the seed length and seed width ratios (SL: SWJ&xodium merospermaalso provides
evidence of minimal sorting bias (Figure 3.16). The SL: SW ratiddaodium
macrospermdas a larger range compared to the extant spethesugh it is uncertain (not
able to determine 100% certainty with fossil species) th#telcollected seeds during
deposition aref the same species, analysis of the seed anatomy helps demonstrate that the
seeds are the same anatomieddich supports the claim that these seeds are from the same
individual and/or species dfaxodium

Taxodium macrosperaseed coat anatomy offers differing results when compared to
the extant species. The exotesta appears identical in all spetesdium The mesotesta
of T. macrospermalso appears comparable to the extant species. It is theestadihat
offers differing results. The endotestaloimacrosperma uniformly thin as seen in
Figures 3.11 and 3.12, but this differs frdmdistichum Aulenback and LePage (1998)
show thafl. distichurmhas a thickening of the endotesta at the abaxid adaxial regions of
the seed, and that the endotestd.aiscendenandT. mucronatunis uniformly thin. A
summary of these results is found on Table 2.2. It is unclear if environmental conditions

have any effect on the formation Déxodiund s otestad but generally seed characteristics
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are genetically derived and are usually stable species to species (Werker 1997). The
endotesta of . macrospermé& similar tothat of T. ascendenandT. mucronatumbut

differs toT. distichumthe type speciesf the genus. The environmental setting of
macrospermavould be more similar to that @t. distichunrather tharT. ascendensr T.
mucronatum With Edward Berry (1907, 1909a, 1909b) descrifiagodiumspecies of the
Pleistocene as beinlg distichum, you would expect the fossil seeds to be similar.to
distichumespecially if little visible genetic variation has occurred. Initially the results are
conflicting. However two results can be gained from the seed anatomgxdgium
macrospermaeeddliffers fromthose ofT. distichumand 2)are anatomically similar t®.
ascendensr T. mucronatum So from these results you could argue that the seeds have to be
T. ascendensr T. mucronatumbut as will be demonstrateithe seed morphology is
statigically different from those two species. It can be argued thdtab#d appears to be
different also, withl'. macrospermappearing in lacustrine settings whileascendenis
commonly found in stagnant or flooded water habitats.

The fossil seedalso differ statistically compared to the extant speci@sodium
macrospermaeeds differ from the extant species based on comparisons of the seed width,
seed length, and the seed length and seed width ratios. Using discriminant statistics and
creatingcanonical values, comparisons of sets of different variables was possible.
Comparing the extant species and their respective sets of daaadium macrosperma
yielded interesting resultgitial expectations included no differing resulfBhe results
showed thaTaxodium macrosperntaas a large range in seed length and seed width to that
of the extant species, aritlscatter plottedshows thafaxodium macrosperma

morphological characteristics engulf the extant species (Figures 311718). Not only is
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the morphological plasticity ifaxodium macrosperngreater, but it is also significantly
different from the extant species as a group (P < 0.001) and when comparing each specific
morphological characteristic (P < 0.001). Usingasswalidation summary with the
guadratic discriminate function, tH@xodium macrospernmseeds were naturally placed into
a new group 60% of the time, while 40% of the seeds were placed into extant groupings.
This is significant that over 50% of the seédrmed a new group. It is also understandable
that some of the seeds would be placed into extant grgivenithe wide range in
morphological characteristics displayed in the fossil seeds. With the exclugion of
mucronatumthe fossil seeds creatathew group 71% of the time. Two key points can be
learned from the statistic) the fossil seeds display morphological characteristics that cover
the range of morphological characteristics seen in the extant species, and 2) these results are
significart with a clear cross validation of a new specific group.

With the discovery of only the fossil seeds and no other plant organs discovered so
far, it is not 100% certain if this is an extant speciBlsus we proposa new species, more
so an organ speagefor the fossilTaxodiumseeds calledaxodium macrosperma/ith
these overall results | have come to the conclusionlgpaddium macrospernia an
ancestral species to the extant species found tedaya probable transitional species from
T. dubium | have proposed an evolution timeline for the genus in Figure 3.28. Frank
Watson (1983) in his dissertation on the taxonomy of-bgjdess and pondypress
expresses his thoughts about the genus undergoing species radiation. From the results
compiledso far, it adds evidence to his ideas. With some morphological and anatomical
differences along with statistical significance compared to the extant speeeesd argue

thatTaxodium macrosperntapresents a transitional species. This conclusion waaijd
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with the current argument surrounding the taxorodebate ongoing in the genukaking
into account the history of the genus, and gathering a paleoecological perspective of
Pleistocene conditions, this hypothesis seems plausible.

Looking at thehistory of the genus and the revisions made by Chaney (1950) along
with the discovery oTaxodium wallissi{(Aulenback and LePage 1998), our understanding
of the genus is still limited. As seen in Table 2.15, we can see that detailed accounts of
Taxodiumare missing from the Pliocene, Pleistocene, and the Paleocene. No fossil evidence
or detailed accounts of species from these time periods have been found or described in the
literature. With the discovery @f. wallissiithe gaus was found to be oldby 25 million
years, and hopefully with more discovered fossil material of Paleocenthagensition
from T. wallissiito T. dubiumcan be analyzed. More importantly we have a gap in
knowledge after the Miocene and the transitiof @todium dubiunmto the extant species
alive today. There is paleoecological evidence during the Quaternary that shows how
change in climatic conditions can affect plant ecosystems, species richness and diversity, and
community composition (Delcourt and Delcourt 1991)im@&tic shifts that range from
hundreds to thousands of years can produce instafaitigptation rates or failuresyen at
the species level (Delcourt and Delcourt 1991). The Pleistocene is a period known for its
increased rate in climatic changes witie onset of glacial periods followed by warm
interglacials. The Pleistocene experienced up to seven major ghderglacial cycles
(Figure 2.1) with gradual cooling lasting up to 90,000 years, while some interglacial maxima
lasting only 10,000 year®¢€lcourt and Delcourt 1991). This sudden and dramatic change in
climate affected species distribution and migration; however it has been found that pockets of

land became safe havens during glacial maxima. These safe havens are known as refugia,
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where landscape or abiotic conditions protected some species from dropping temperatures
along the edge of the Laurentide ice sheet (Delcourt and Delcourt 1991). These dramatic
changes during the Pleistocene had an effect on the spedGiasaafium The periodsfo
migration, areas of refugia, and areas not affected by glacial events could have initiated
species rdiation in the genus. In hypothesa ancestral species, probabgxodium
macrospermaunder stress from dramatic climate changes, migration upcawa mhiddle

and eastern North America, stable refugia locations along the eastern seaboard, and areas
unchanged by glacial events in southern Texas and Mgxicbably helped to initiate

species radiation which gave rise to the three extant species fDoayabitats differed and
species locked in specific locations adapted to their new environment and community
instability (Delcourtand Delcourt 1991). This hypothesisuld also explain the current
distribution of the three extant species withdisticaumfavoring riverine and swamp

habitats, withl. ascendenfavoring ponds and areas of standing water, Tanducronatum

found only in riverine environments in Sburexas and Mexico. This hypothesias first
proposed by Frank Watson (1983), who argysatial isolation during the Pleistocene in
response to directional selection pressures from differing haliiitsted radiation.

Watson (1983) concludes thRtascendenis a semispecies af. distichumhowever he fails

to communicate the importanoéthe fossil record and its lack of a complete genus history.
Wat son al so doesndt consi ddaxodamhatrceuldi ous undi
undergo species radiation, producing the thr
arguments foris theory includes fossil evidence of leaf morphological characteristics more
similar toT. mucronatunandT. distichumrather than Tascendensn sense declaring that

T. ascendenis the most recently derived. However, this comparison is incomplithe
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little qualitative or quantitative fossil evidence discovered and described during the Rliocene
Early Pleistocene of the extant specielserg no such comparisons or evidence available of
resilient leaf characters can be argued. Als@ubium a widespread species during the
Tertiary inNorth America, was more dominaauntd predominantly described from European
fossils. A comparison ofF. dubiumand the extant species has not been analyzed
exhaustively, but Kunzmaret al.(2009) and their analysef T. dubiumin Europe makes a
significant attempt.

Thisimprovedhypothesisvould help with the taxonomic debate currently ongoing
with the extant species. Debates mostly focused on metrics of morphological and genetic
differences that determine thistihction of species or varigtgould evaluate another genus
or group ofspecies undergoing radiation and makmmparable example axodium
Also, it must be taken into consideration that radiation in the genus maypbecess rather
than complete Another question raised is how to consider species radiation, and
classification procedures for such occurrences. This is an important consideration, especially
for conservation practices for these species and maintaining species diversity. Oserall it
unclear if the genus is in the process of species radiation, but the discovaxodium
macrospermadds supporto Watson (1983) and his initial idea.

Future work and morevedence are needed.h& discovery of different plant organs
of Taxodium racrospermanayhelp cement the hypothesis tlitsis a transitional species.
Discovery of leaf, or cone organs will allow for more detailed and diagnostics evaluations to
be conducted with extant and extinct speciebaofodium The Martin Marietta locély has
produced abundant macrofossils, which future work will be focused on identification and

evaluation of that particular flor&Further evaluation of sediment samples of the Martin
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Marietta localityshouldhelp us come to a conclusion about the stafdaxodium

macrospermaandthe Taxodiumgenus overall.
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Table 1.11 Palynological assessment results and relative abundance.

Plant Genera
Alnus
Ambrosiatype
Betula spp.
Carya spp.
Castanea
Compositae
Ericaceae
llex
Liguidambar
Monolete Fern types
Nyssaspp.
Picea

Pinus spp.
Poaceae
Quercus
Sphagnum
Taxodiaceae

Relative Abundance
3%
5%
3%
2%
1%
5%
1%
1%
3%
1%
3%
1%

40%
5%
20%
1%
5%

Non-Plant Species
Diatoms
Dinoflagellates
Fungal

Plant Macrofossils not found in the Palynology
Fagus

Vitis spp.

Ulmus
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Table 2.1i Summary of important morphological featuresTakodiumspecies. Partly compiled from literature: Aulenbeck and

LePagg1998) and Kunzmanetal.( 200 9 ) . Aut hor6s additions and/ or modi
Species Locality Seed cone | Cone scale distal| Seed length x Short shoot | Leaf length Stoma Stoma Stomatal
diameter part width x width (mm) length (mm) X width apparatus, apparatus, chamber length
(mm) distal part (mm) abaxial adaxial length x width (um)
height x length length x x width (um)
(mm) width (um)
Taxodiod
Taxodium Drumheller, Alberta 13 No data 4-9%1.955 No data 115x1 No data No data No data
wallissii Late Cretacous published T published Cupressoid published published published
5x1.7
Svetlogorsk, Russia 6-17 x +16 x . . y No data No data No data
Early Oligocene 33 x 28 11.16 5611+ x3.15.8 3565 6-15x 12 published published published
Otradnoje, Russia | No complete | 4-10 x 5.712.2 x 6.59.3 x 4.35.4 No data No data No data No data No data
Early Oligocene cone preserveq ? T T published published published published published
Padekovo, Russia | No complete No data No data No data 5 No data No data
Early Oligocene cone preserveq published 6.57.6x3.54 published published 30-40 published published
Haselbach,
Schleenhain, No complete 6-17 X 617 x 27-105 or 4-17 x 1.5 2360 x 23.5
. Germany Early cone preserved ~8.5 R a2 longer 1.9 55.5 ClEE AL B
Taxodium "
dubi Oligocene
ubium Seifhennersdorf
Germany Early No complete 714 X5.513 6-10 x 3.58 25145 or 4-14 x ~1 38 x 1026 Not preserved Not preserved
Oli cone preserved 11-15 longer
igocene
BornaOst, -
Bockwitz, Germany | 1416(20) | ~ 2 XAIX® 1 4510x 2855 099 9 1025x12 | 4575x3670 | 5063x4353 | 17:30x 1320
Late Oligocene 9
Bilina, Czeck
Republic Early 2024.5 9-13.5x 68.5x 11.5x6 22800r | 45185x | 5599, 4206 | 57.80x65103 | 2349 x 1326
. 11.516 longer 0.752
Miocene
Taxodium Martin Marietta, Not Not
Mid-Late Not preserved| Not preserved 6-17 x 39 Not preserved| Not preserved | Not preserved
macrosperma . preserved preserved
Pleistocene
Taxodium NO”EeCrg;c;'i'J‘ni State 15,5035 | 617x615x6 413 x57 80100 or | 317 x 0.7 A NIA NIA
distichum ! (40) 17 Mod. 1016 x 69 longer 15
Holocene
. North Carolina State|
;:é(gr?élg:s e 20-30 6-17 xf715 X 6 Mod. 11%15 X9 B%ﬁogfr 3—171x50.? N/A N/A N/A
Holocene 9 )
. University of Naples
Taodum | goanical Gardens, | (12r1425 | 712 x510x 49 x 34 601600r | 5184115 | 4888x3688 | 5288x3864 | 2040x818
mucronatum Holocene (30) 012 Mod. 612 x 38 longer
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Table 2.2 Anatomy ofTaxodiumseed testa layers. Data partly compiled from Aulenbeck and LePage (1998).

Taxodium Taxodium

wallissii dubium
Outer Single layer of No data
Layer rectangular .
(Exotesta) cells published.
Isodiametric
Middle and rectangulai  No data
Layer cells that form  published.

(Mesotesta) @ Spongy layer

Uniformly thin,

Inner appearing No data
Laver elliptical in published.
(Er): dotesta) Cross section

Taxodium
macrosperma

Single layer of
rectangular cells

Isodiametric and
papillate cells
that form a
spongy layer

Uniformly thin
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Taxodium
distichum

Single layer of
rectangular cells

Isodiametric and
papillate cells that
form a spongy
layer

Thicker on the
abaxial and adaxia
surfaces and
thinner on the
lateralwalls

Taxodium
ascendens

Single layer of
rectangular cells

Isodiametric and
papillate cells
that form a
spongy layer

Uniformly thin

Taxodium
mucronatum

Single layer of
rectangular cells

Isodiametric and
papillate cells thai
form a spongy
layer

Uniformly thin



Table 2.3" Data Summary of Discriminant Statistics using the Candis®asutim

procedures. Total sample size represents total seeds measured; the three variables represent
Seed Length and Seed Width Ratios along with individual Seed Widths and Seed Lengths.
The four classes represent the four speci@arbdium.

Total Sample 290 | DF Total 289
Size

Variables 3 | DF Within Classes | 286
Classes 4 | DF Between Classey 3

Table 2.4i Class level information of the fodiaxodiumspecies.T. fossilrepresents the
fossil Taxodium Taxodium macrospermaFrequency represents distinct seed measurements
made for each group.

Class Level Information
group Variable Frequency | Weight | Proportion
Name
T.ascendens | T_ascendens 20 20| 0.068966
T.distichum T_distichum 60 60| 0.206897
T.fossil T fossil 110 110 0.37931
T.mucronatum | T_mucronatum 100 100 0.344828
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Table 2.5 Table showing the results of the four multivariate tests run by SAS in the Discrim
and Candisc procedures. This test includes the data for alfdsodiumspecies. P values
for all tests reject the null hypothesis that all canonical values are equal to zero. The P values

show that the groups are significantly different from each other.

Multivariate Statistics and F Approximations

S=3 M=0.5 N=141

Statistic Value F [ Num DF | DenDF | Pr>F
Value

Wilks' Lambda 0.22116| 65.98 9| 691.33| <.0001

Pillai's Trace 0.87713] 39.39 9 858| <.0001

Hotelling-Lawley 3.08383| 97.06 9| 443.11| <.0001

Trace

Roy's Greatest Root | 2.93782| 280.07 3 286| <.0001

NOTE: F Statistic for Roy's Greatest Root is an upper bound.
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Table 2.6/ Canonical Correlations, Eigenvalues, and Likelihood Ratios of the discriminating variables and the groupings (class

levels). Results from both Candisc and Discrim proceduresdgwical results. There are three discriminant dimensions all of
which are statistically significant.

Canonical Adjusted Approximate | Squared
Correlation Canonical Standard Canonical
Correlation Error Correlation
1 0.863743 0.862035 0.014938]  0.746052
2 0.337393 0.3278 0.052127] 0.113834
3 0.131328| . 0.057809] 0.017247
Eigenvalues of Inv(E)*H Testof HO: The canonicalcorrelations in the current
= CanRsqg/(:CanRsq) row and all that follow are zero
Eigenvalue | Difference | Proportion | Cumulative | Likelihood | Approximate | Num DF | DenDF | Pr>F
Ratio F Value
1 2.9378 2.8094 0.9527 0.9527| 0.22115844 65.98 9| 691.33| <.0001
0.1285 0.1109 0.0417 0.9943| 0.87088204 10.2 4 570| <.0001
0.0175 0.0057 1| 0.98275293 5.02 1 286| 0.0258
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Table 2.7f Crossvalidation Summary using Quadratic Discriminant Function. Each results
cell contains a seed count, and percent of total observations.

Number of Observations and Percent Classified into group

From group T.ascendens| T.distichum | T.fossil | T.mucronatum | Total
T.ascendens 11 7 2 0 20
55% 35% 10% 0% | 100%
T.distichum 20 37 3 0 60
33.33% 61.67% 5% 0% | 100%
T.fossil 23 9 67 11| 110
20.91% 8.18%| 60.91% 10% | 100%
T.mucronatum 4 0 5 91| 100
4% 0% 5% 91% | 100%
Total 58 53 77 102| 290
20% 18.28%| 26.55% 35.17%| 100%

Priors 0.25 0.25 0.25 0.25

Table 2.8 Error Counts for the Crosslidation Summary. The row labeled Rate represents
the error rate, while the row labeled Priors represents the assumed error rates for each group.

Error Count Estimates for group
T.ascendens | T.distichum | T.fossl | T.mucronatum | Total
Rate 0.45 0.3833| 0.3909 0.09| 0.3286
Priors 0.25 0.25 0.25 0.25
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Table 2.9 Data Summary of Discriminant Statistics using the Candis®asutim

procedures. Total sample size represents total seeds me#seitbdee variables represent
Seed Length and Seed Width Ratios along with individual Seed Widths and Seed Lengths.
The three classes used areascendend’. distichumand the fossiTaxodium Taxodium
macrospermaT. mucronatunwas omitted from thisample.

Total Sample 190 | DF Total 189
Size

Variables 3 | DF Within Classes | 187
Classes 3 | DF Between Classey 2

Table 2.10° Class level information of the thr&axodiumspecies.T. fossilrepresents the
fossil Taxodium Taxodium macrospermaFrequency represents distinct seed measurements
made for each groupl. mucronatunwas omitted from this sample.

Class Level Information
group Variable Frequency | Weight | Proportion
Name
T.ascendens| T_ascendeng 20 20| 0.105263
T.distichum | T_distichum 60 60| 0.315789
T.fossil T fossil 110 110| 0.578947
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Table 2.111 Table showing the results of the four multivariate tests run by SAS in the

Discrim and Candisc procedures. The three classes usédameendend’. distichumand

the fossilTaxodium Taxodium macrospermal . mucronatunwas omitted from this sample.

P values for all tests reject the null hypothesis that all canonical values are equal to zero. The
P values show that the groups are significantly differemh feach other.

Multivariate Statistics and F Approximations

S=2 M=0 N=91.5

Statistic Value F [ NumDF | DenDF | Pr>F
Value

Wilks' Lambda 0.45738| 29.52 6 370| <.0001

Pillai's Trace 0.59746| 26.41 6 372| <.0001

Hotelling-Lawley 1.06644| 32.79 6 244.9| <.0001

Trace

Roy's Greatest Root | 0.9387 58.2 3 186| <.0001

NOTE: F Statistic for Roy's Greatest Root is an upper bound.

NOTE: F Statistic for Wilks' Lambda is exact.
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Table 2.12 Canonical Correlations, Eigenvalues and Likelihood Ratios of the discriminating variables and the groupings.
Results from both Candisc and Discrim procedures give identical results. There are two discriminant dilmathsibndnich
are stéstically significant.

Canonical | Adjusted | Approximate | Squared
Correlation | Canonical Standard Canonical
B Correlation Error Correlation
0.695837| 0.690286) 0.03752 0.48419
0.336563| 0.332578 0.0645 0.113275
Eigenvalues of In(E)*H Testof HO: The canonicalcorrelations in the
= CanRsg/(:CanRsq) current row and all that follow are zero
Eigenvalue | Difference | Proportion | Cumulative | Likelihood | Approximate | Num DF | DenDF | Pr > F
Ratio F Value
1 0.9387 0.811 0.8802 0.8802| 0.4573821 29.52 6 370| <.0001
2 0.1277 0.1198 1| 0.8867253 11.88 2 186 | <.0001
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Table 2.13 CrossValidation Summary using Quadratic Discriminant Function. Each

results cell contains a seed count, and percent of total observaliamsicronatunwas
omitted from this sample.

Number of Observations and Percent Classified
into group

From group | T.ascendens| T.distichum | T.fossil | Total
T.ascendens 16 3 1 20
80% 15% 5% | 100%
T.distichum 20 37 3 60
33.33% 61.67% 5% | 100%
T.fossil 23 9 78| 110
20.91% 8.18%/| 70.91%| 100%
Total 59 49 82| 190
31.05% 25.79%| 43.16%| 100%

Priors 0.33333 0.33333| 0.33333

Table 2.14 Error Counts for the Crosslidation Summary. The row labeled Rate

represents the error rate, while the row labeled Priors represents the assumed error rates for
each group.T. mucronatunwas omitted from this sample.

Error Count Estimates for group
T.ascendeng T.distichum | T.fossil| Total

Rate 0.2 0.3833| 0.2909| 0.2914
Priors 0.3333 0.3333| 0.3333
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Table 2.15 Taxodiumevolutionary history with time table, along with notes about origins
and discovery of species.

Period | Epoch Notes Evolutionary History
T. disticuhum, T. ascendens,
Holocene Present
mucronatum
Quaternary Taxodium
Pleistocene macrosperma Taxodium macrosperma
discovered
No newTaxodium
) found in the fossil
Pliocene record.
Neogene
Miocene
Taxodium dubium
found in the fossil
Oligocene | record. Forma found
in Europe, with overla
occurring during the
Oligocene.
Paleogene Eocene
Paleocenel No Taxodiumfound in
the fossil record so fa
Taxodium wallissii
Taxodium wallissifirst
Cretaceou§ Senonian| occurred around 70

80mya
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Figure 1.1- Aerial photo of the Martin Marietta Aggregate Mine (Martin Marietta 2011)
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Figure 1.2- Spoil heaps of the Martin Marietta Locality
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Figurel.3- Photo of the Martin Marietta Aggregate Mine
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Figure 2.2 Generalized Pollen Diagram for Bladen County, NC (Frey, 1953). Shows relative abundance during the Wisconsin
glacial period to present.
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Figure 2.3° Sample pollen found at the Martin Marietta Locality. fdyus (B) Quercus
(C) Liguidambar (D) Pinus (E) Dinoflagellate, (Fsphagnum(G) Compositag(H) Nyssa
(I) Taxodiaceae, (Betulg (K) llex. (Syndicate, not to scale)
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Taxodium distichum
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Figure 3.1 Taxodium distichurdistribution map. (Little 2011)
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Figure 3.2 Taxodium ascendemkstribution map Flora of North America Editorial
Committee, eds1993+)
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Taxodium mucronatum

500 0 500 1000 1500 Kiometers

Figure 3.3' Taxodium mucronatumiistribution map (Little 2011
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Figure 3.4i Taxodium distichurseeds
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Figure 3.% Taxodium ascendersgeds
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Figure 3.6/ Taxodium mucronaturseeds
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Figure 3.7 FossilTaxodiumseeds Taxodium macrospermanot cleaned with any chemicals
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Figure 3.8 FossilTaxodiumseeds Taxodium macrospermacleaned with KO, and then 10% HCI
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Figure 3.9 Longitudinal cross section of fos3ibxodiumseeds Taxodium macrospermat 10x. Three testa layers are visible.
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Figure 3.10 Longitudinal cross section of fos3iaxodiumseeds Taxodium macrospermat 5. The opening of the
microphyle is vigle.
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Figure 3.11 Taxodium macrospermahole seed cross section (25x, 15kv). Chalaza end in the background.
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20X 15 kv

Figure 3.12 Taxodium macrospermahole seed cross section (25x, 15kv).
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180X 15 kV

Figure 3.13 Taxodium macrospernseed wall cross section (180x, 15kv). Red layer represents the exotesta, and the green layer
represents the endotesta. The mesotesta is the area in between these two layers.
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Figure 3.14 Taxodium macrospermeeed cross section (230x, 15kv). Arrmpointing to the endotesta

73



Figure 3.15 Taxodium macrospernseed cross section (750x, 15kv). Thin endotesta is red.
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