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Abstract

In July 2015,the University of Tennessee Laboratory of Tree-Ring Science wascontacted
by personnel from the Museum of Scotland County who asked if we could use tree-ring dating
techniques to date the year of construction for a dugout canoe that was on display in the front
of their museum. During a visit to the museum , we obtained a cross section from this dugout
(Dugout 1) that contained 125 rings. We also were able to extract sections from another
deteriorated dugout (Dugout 2) in the back of the museum, and one section from this dugout
had 262 tree rings. We used the nearby Hope Mills longleaf pine chronology developed from an
exposed crib dam as our master reference chronology for dating the floating sequences from
these two dugouts. We found that the tree-ring series from the two dugouts crossdated with
each other with strong statistical significance (r = 0.536,n = 125year overlap, t = 7.04, p <
0.000001) with the tree-ring pattern from the first dugout being subsumed by the 262 -year
pattern from the second dugout. When we tested the tree rings from Dugout 1 against the Hope
Mills chronology, we found a statist ically significant correlation (r = 0.417, n = 12%ear overlap,
t =5.09, p < 0.000001), that was also graphically convincingThe tree rings on Dugout 1 span the
years AD 1596 to 1730. Because the tregng patterns from Dugout 2 crossdated with those fr om

Dugout 1, we also confidently crossdated the tree rings from Dugout 2, which span ned the
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years AD 1542 to 1803 The dugouts therefore date to the Historical Period, most likely being

crafted in the early 1800s, a time frame supported by a machinestamped nail that was found

embedded in Dugout 1. Because Dugout 1 was found on the bottom of Richmond Hill Lake in

1977 during a drought, we speculatethat these dugouts could have beenused for transporting

goods across the laketo reduce transportation costs and time, perhaps moving products or

goods to a nearby mill store once located in the vicinity.

Keywordstree-ring dating, dugout canoe, longleaf pine, North Carolina,

dendroarchaeology

Introduction

Tree-ring dating techniques applied to watercraft ha ve a rich history in Europe where an

abundance of shipwrecks and preserved vessels have been uncovered by archaeologists over

the years. The first vessel to besuccessfuly dated using dendrochronolog y was the Bremer

Kogge, discovered in 1962 in the Weser River and rebuilt and now on display in the German

Maritime Museum in Bremerhaven . Liese and Bauch (1965) dated the tree rings on this vessel to

AD 1380 but were unable to determine the actual cutting dates of the trees harvested to build

the vessel.Farrell and Baillie (1976)later outlined the value of dendrochronology for dating

timbers from both seafaring and river watercraft, predicting accurately t h a t

may provide the best solution to the problem of determining the place of origin of aw reck or a

coll ecti on

o fBaileh(19%8) saccessiully lsressdatéd ship timbers from excavations

in Dublin, Ireland, and found that most timbers were local in origin and not imported from

distant locations. These timbers were used to eventually develop a 452year chronology for the

region.

Tree-ring dating of ship timbers can serve multiple purposes. First, the technique can

provide valuable clues on the construction history of the vessel (Bonde, 1990) For example,

Bridge and Dobbs (1996) invegigated the raised hull of the Tudor warship M ary Roseand found

that the ship had been significantly retrofitted and strengthened after initial construction

between 1509 and 1511Second the technique has proven valuable for determining exact

locations of
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comparing the tree-ring patterns recovered from watercraft with the patterns from hundreds of
tree-ring chronologies available for a region (Bonde et al, 1997). For example, Jansmaet al
(2014) investigated three Roman Period river barges and determined that the barges were built
with oak s harvestedfrom the lower -Scheldt region in present-day Flanders, northwestern
Belgium. Finally, dendrochronological dating of ship timbe rs can provide new insights on the
ship-building industry for a region (Creasmanet al, 2015) For example, the ruins of a ship
uncovered during excavation of the new World Trade Center site in lower Manhattan (New
York) is arguably the most well -known of ship timbers dated using tree-ring dating techniques.
The timber from this ship was provenanced to a small shipyard near Philadelphia,
Pennsylvania, and provided information on how ships were constructed during a period for
which little documentation exis ts (Martin -Benito et al, 2014).

Dugout canoes have an especially long history of research in Europe (Millner, 1890;
Schneider, 1930; Marsden, 1989 cGrail, 1998; Eric, 2014)where they are traditionally termed
“ | o g b oircluding intensive dendrochro nological analysesby French, German, and Swiss
dendroarchaeologists (Hollstein, 1969; Arnold , 1976, 1980Baillie, 1982 Egger, 1985 Neyses,
1989 Gassmannet al, 1996).Among North American archaeologists , dugouts are well -known
but less studied (Hartm ann, 1996) Their manufacture is well -established, crafted primarily by
repeatedly firing the log surface and removing charcoal with an adze (or any sharp object) from
the interior until a trough was built with sturdy sides (Newsom and Purdy , 199Q Purdy, 1991,
Carr et al, 200§. The outer portions of the dugout were then shaped/smoothed with shells or
stone (Hartmann, 1996).In the U.S., Florida has the largest concentration of documented and
archived (buried or sunken) dugouts, including the 100+ dugouts that were exposed by
drought -driven, low lake levels at Newnans Lake near Gainesville, Florida in summer 2000
(Wheeler et al, 2003).Other studies have clearly documented the widespread existence various
shapes/sizes,and multiple purposes/usesof this type of watercraft in Florida ( Neill, 1953; Bullen
and Brooks, 1967; vonBurger, 1972; Newsom and Purdy, 1990Porter, 2009, other locations in
the Southeastern U.S. Stowe, 1974 Bright, 1979; Alford, 1992), the Midwestern U.S. (Brose,
1978; Brose and Greer, 1982) and Canada (Kidd, 1960; Rogers, 1965; Carteet al, 1982; Pickard
et al, 2011)
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In July 2015, the Laboratory of TreeRing Science was contacted by theMuseum of
Scotland County in Laurinburg, North Carolina to inquire about the possibility of our using
tree-ring dating techniques to date the tree rings found on a dugout canoe on display in the
front of the museum. Despite the challenges and unknowns associated with crossdating tree
rings on dugout canoes, we accepted the project, and the museum sent a small detached section
from th e dugout to the laboratory . Based on our research with southern yellow pines in the
coastal plain region of the Southeastern U.S. Grissino-Mayer and Tepper, 2002; Henderson,
2006;van de Gevel et al, 2009 Henderson and Grissino-Mayer, 2009 Grissino-Mayer et al,
2010), weconcluded that the specieswas longleaf pine (Pinus palustrisMill.) but determined
that the section had too few tree rings to warrant further analyses. In November 2015, museum
staff arranged for members of the laboratory to travel to Laurinburg and reevaluate the dugout
for sampling with an archaeological drill bit , which is typically used to sample logs in historic
structures.

Our goal in this research was to obtain wood samples from the dugout canoe and use
tree-ring dating techniques to date the tree rings to the exact yeais in which they were formed .
If successful, this would allow archaeologists and historians to evaluate whether the canoe isa
prehistoric (i.e. crafted by Native American) or historic (built by European Americans)

watercraft and provide some context for the use of the dugout in the region.

Collection Methods at The Museum of Scotland County

We first visually inspected the dugout to determine the best location from which we
could extract core samples and obtain the longest possible treering record that would improve
our chances of successful crossdatingWe chose to sample from oneend of the canoe(we could
not determine if this was the bow or stern) because we could easily dstinguish at least 100 rings
for sampling at this location . We could not find a location anywhere on the dugout that
indicated the original curvature of the tree bole and therefore knew that we would not be able
to obtain a cutting date. However, we could still attempt to date the tree-ring patterns that were

visible, and obtain a terminus post quefrknowing that the tree harvest date and construction




122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

date would be sometime after the outermost tree-ring date obtained (Bauch and Eckstein 1981
Millard , 20(2).

As proposed to museum staff, we first attempted to collect a coresample from the
dugout using a specially designed 12-mm, hollow drill bit attached to a 13-mm variable speed
hand drill . This technique is often used to non-destructively sample timbers in historic
structures but proved inadequate for sampling the dugout canoe . We encountered dense,
resinous pine that clogged up the drill bit and led to fragmented cores. We attempted to
dissolve the resin during the coring process by dipping the tip of th e drill bit into turpentine,
but this also proved futile . After informing museum personnel that coring was not possible, we
received permission to obtain a sample from the chosen location using a hand saw provided by
museum staff (Figure 1). Although still laborious due to the resin, we successfully obtained a
second sample from the dugout to complement the sample that was sentto the Laboratory of
Tree-Ring Sciencepreviously .

During our visit, museum staff escorted us to the rear of the museum where the w ood
remains of a second dugout were located. This dugout had deteriorated completely over the
years and was no longer recognizable as a dugout canoe. In fact, it may not have been a dugout
at all because it was not completed during manufacture and was still attached to the stump of
the original tree (Marcus Norton, Museum of Scotland County, personal communicati)nWe
were permitted to cut two larger pieces from this second dugout using a chain saw (Figure 2).
After the sections were cut, we again recognized the species as longleaf pine and identified at
least 200visible rings on each ofthe sections. The length of the available treering record from
the second dugout would assist in the absolute crossdating of both canoes.Henceforth, we refer
to the original dugout canoe on display in the museum as Dugout 1 and the deteriorated

dugout canoe located at the back of the museum asDugout 2.

Laboratory Methods
Sanding and Measuring
In the laboratory, we sanded the sections to afine finish using a progression of sanding

belts of increasingly finer grit size , beginning with ANSI 80-grit (177-2 10 pm) and

endi

ng
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ANSI 400-grit (20.6-2 3 . 6 (Quvim and Grissino -Mayer, 2002). Thisprecision surfacing of the
wood makes cellular features of the tree rings easily identifiable (Speer, 2010)and is especially

important when analyzing the tree rings on southern pine species which are well -known for

formingintra-annu al density f 1| uct)Eggler,@9IisDorfnan., 176 Harleyal s e r i

et al, 2012) Occagonally, these false bands of latewood can appear to be true ringsand throw
the tree-ring dating process off by one or more years. To account for these false bands, we
specifically keyed on the terminal cells of the latewood. Any gradual transition to ear lywood
cells indicated an intra-annual false band. Any abrupt transition of latewood cells prior to
earlywood formation indicated a true ring boundary.

Once sanded,we placed the samplesunder a boom-arm stereoscopicmicroscope at
standard 7-10x magnification to identify each tree ring and label ed these with the standard
decadal dot notation used in dendrochronology (Stokes and Smiley, 1996 Speer, 2010.
Beginning with the innermost complete tree ring, we counted the rings and labeled each 1@
ring with a single pencil dot, each50" ring with two dots, and each100" ring with three dots.

To measure the widths of all tree rings, we used a Velmex movable stage micrometer, interfaced
with Meas ure J2X &va-based measurement software running on a Windows personal
computer. We beganwith the innermost complete tree ring (by convention, incomplete rings

are not measured)and progressed until the outermost complete tree ring (i.e., the youngest tree

ring formed) was measured. We recorded al measurements at the 0001 mm level in data files

formatted using the internationally -ac cept ed “ Decadal ” ((aldDataTucson?”)

Center for Paleoclimatology, 2018). We then assembled all measurement data files into one file

for use in all subsequent analyses.

Within- and BetweenrTree Crosdating

To determine the exact calendar year in which a tree ring was formed, we performed
“wi t-thri eme "™ beert dammeeecrosgdati ng, ” a pr oc e ghetree ingginthei r st
samples relative to each other( i . e . , €& rf il &¢e’enierrdihe sindated measurement
seriesinto the program COFECHA (Holmes, 1983 Grissino-Mayer, 2001) which suggested

temporal placements of the tested tree-ring series against each other. COFECHA uses a

dat e



180  technique known as segmentedtime-seriescorrelation analysis to date the tree rings on a

181  sample, either with other coresf r om t he s a metredacrostati h‘gwi)t mirn di f f er en
182  (* b e t wreeescnosgating”). In our analysis, we tested 40year segments on eachmeasurement

183  series laggedby 10years, a common analytical option that ensures a maximum number of

184  diagnostic tests to ensure the correct temporal placement of the series being tested. We

185  performed this analysis for the tree-ring series from both dugout s. We considered atree-ring

186  series dated against another samplewhen the correlations obtained for the individual segments

187  were statistically significant (usually p < 0.0001) and the dating adjustment was identical for all

188 or most of the segment (Stadhawiaketal.,, 2E&GCrissido-Mager egal,, “ +45"”
189 2017 Brocket al, 2017. Once a treering series was dated against another treering series, we

190 adjusted the ring numbers accordingly (for example, adding 45 years to all ring numbers using

191  the example above)using the program EDRM (Edit Ring Measurement) (Holmes, 1992)so that

192  the series would match in time . The result of this process was a set ofree-ring measurements

193  that were temporally dated relative to each other ( i . e . “ f | o dut monygt'absolutelyt i me)
194  dated to calendar years.

195

196  Absolute Crossdating

197 Once the series from bothdugouts were crossdated relative to each other, we again used

198 COFECHA to crosgdate these adjusted treering series against a well-established reference tree

199  ring chronology . The Hop e Mills longleaf pine reference chronology was created previously for

200 the Coastal Plain region of the Southeastern United Statesfrom samples collectedin 2006from

201 logs used to construct a crib dam in Hope Mills, North Carolina (van de Gevel et al, 2009) Hope

202 Millsis only ca. 51 km distant from Laurinburg. The original Hope Mills C hronology (HMC)

203  consists of 39 measured series which include 18 living tree samples and 21 measured series

204  from samples cut from logs in the crib dam. The reference chronology extends back to AD 1597.

205 The HMC has its greatest sample depth of33 measured series in the late 1700s. Ky tree rings

206  that could be usedin crossdating the Dugout 1 and 2samples were the extremely narrow rings

207 formed in the years 1755 (-2.527standard deviation (sd) units), 1777 (—4.257sd units), 1837 ¢

208 2.226), and the 18701880pair (—2.694 and—2.055) The HM C has an average interseries




209  correlation of 0.518 and an average mean sensitivity of 0288for the 39 measured series.These
210 metrics are excepfonal by southeastern U.S. standards.

211 To increase the probability of dating the dugout samples, we high -graded the original
212 HMC data set to exclude those samples identified by COFECHA with > flaGged segments.
213 The logs from the crib dam had been buried for nearly 170 years under an earthen dam(and
214  subsequently affected by the impounded water behind the dam), and later covered entirely by
215  the lake that formed behind a larger and taller steel and concrete dam built in 1924. The logs
216  were therefore warped and misshaped, which caused aberrant treering patterns in some

217  samples. The final HMC data set consisted of27 of the original 39 measurement serieswith the
218 oldest again extending back to AD 1597. This improved data set displayed an average

219 interseries correlation of 0.527 and an average mean sensitivity of 0.286. COFECHA flagged 42
220 of the 265 40year segments (lagged 20 years) tested (15.8%), but these segments were all caused
221 by remaining aberrant tree rings. All series included in the final HMC had a n interseries

222 correlatiion =2 0.40

223 In COFECHA, we entered the HMC as the dated series and themeasurement series for
224  both dugouts as the undated series.If COFECHA found a common temporal placement for all
225  or most segments(a systematic dating adjustment) with correlations that were statistically

226  significant (p < 0.0001), we considered theundated series crossdated against theHM C data set.
227 We then usedthe program EDRM to adjust the relative ri ng numbers for the undated series to
228 exact calendar years(absolute dating). We graphically and statistically compared the suggested
229 dating against the HM C data set to ensure proper temporal placement. Crossdating had to be
230 convincing both graphically and statistically (Grissino -Mayer, 2001)(Figure 3).

231

232  Results

233  Within-Tree Crossdating

234 We obtained two sets of measurements from the two Dugout 1 sections(Table 1). The
235 first section (sent to our laboratory) yielded a sequence of 60 years while the second sean

236  (collected at the museum) yielded a sequence of 127 years. We found a statistically significant

237  correlation between the two sequencesthat indicat ed strong agreement (r = 0.650, n = 6Qears, t
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=6.51, p < 0.00001and therefore combined them into a 135-year-long floating series. The

values for mean sensitivity (ms), a measure of variation in tree-ring series needed for
crossdating (Fritts, 1976; Speer 201Q)indicated that the second seriesfrom Dugout 1 contained

a stronger climate signal (ms = 0.372 than the first and shorter series (ms = 0.300). This occurred
because the longer sequence of 127 years contained the tree rings formed when the tree was
older, and the rings become narrower over time, thus increasing year to year variation.

We obtained three sets of measurements from Dugout 2(Table 1), the deteriorated
dugout in the back of the museum. One series was exceptional in spanning 262 years
suggesting this tree was old by standards for longleaf pine in the coastal plain region of the
Southeast(Henderson, 2006 Ortegren, 200§. We estimated this tree was likely greater than 400
years old when it was harvested or died, based on missing inner (from decay) and outer rings
(missing sapwood). The other Dugout 2 series were also long at 142 years and.56 years in
length. Crossdating revealed strong statistical associations among the three measurements
series with inter -series correlations of 0.719, 0.824, and 0.692, giving an average interseries
correlation of 0.743, which is exceptional by Southeasten standards. Mean sensitivity values for
the three series were 0.379, 0.376, and 0.307, similar to the values obtained for Dugout 1. The
two shorter series were internal to the longer 262-year series, spanning rings 91 to 246 (156
years) and 99 to 140 (12 years). All metrics for both dugouts suggested a strong probability of
successful crossdating, both against each other and regionally against the Hope Mills

Chronology.

BetweenTree Crosdating

Results from statistical crossdating in COFECHA revealed that the five series (two from
Dugout 1 and three from Dugout 2) could be matched against each other with statistical
certainty (Table 1). For example, crossdating betweenDugout 1 (measurement series B) and
Dugout 2 (measurement series C) demonstrated a high graphical (Figure 4) and statistical (r =
0.536, n = 125/ear overlap, t = 7.04, p < 0.0000019orrespondence. Of 57 40year segments
tested, only 2 were flagged by COFECHA with low correlations (r < 0.37), but these occurred in

the innermost 40-year segments, i.e.when the trees used for both dugouts were young. Trees
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generally respond less to climate when young and more so to internal (physiological) factors
(Fritts, 1976; Grissino-Mayer, 2001),which can lead to low interseries correlations (flagged
segments). The average interseries correlation for the five series was 0.642 (range 0.383 for one
series from Dugout 1 to 0.808 for one series from Dugout 2, with an average mean sensitivity of
0.344.Crossdating revealed that the longest series from Dugout 2 (262 yearg subsumed the
other four series. The two series from Dugout 1 spanned the relative years of 55 to 114 and 63 to
189 in the 262year final data set for the two dugouts. COFECHA indicated that the last two

rings on Dugout 1 (rings 188 and 189 were aberrant (i.e., statistical outliers) so we excluded

them from further statistical analyses.

Absolute Crossdating

We found that all five measurement series (two from Dugout 1 and three from Dugout
2) showed statistically significant crossdating wit h the Hope Mills Chronology at the same
datingadj ust ment (“ +1541" Yyeaasegmerdsdesteddaor gne of the serfee
from Dugout 1 (Series B), nine of 10 40year segments showeda common dating adjustment of
“ + 1 5 With an average correlation of 0.50when tested against the HMC. Eight of these nine
were in the number 1 and 2 positions, i.e.the highest correlations found for that segment (Table
2). These metrics convincingly showed that Dugout 1 was crossdated precisely against the
HMC. Once the dates for tree rings on Dugout 1 (Series B) were adjusted accordingly and again
compared with the HMC, we found a strong statistical match ( r = 0.417, n = 12%ear overlap, t =
5.09, p < 0.000001) and a convincingraphical match (Figure 5). For both measurement series,
the tree rings on Dugout 1 span the years AD 1596 to 1730. Because the treing patterns from
Dugout 2 crossdated with those from Dugout 1 (Table 1), we confidently crossdated the tree

rings from Dugout 2, which now span the years A D 1542 to 1803.

Discussion
Historical Period Dugouts
The outermost tree-ring date for Dugout 2 ( AD 1803)indicates that this canoe was

manufactured during the Historical Period. The exact date when the tree was felled to make this
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canoe cannot be determired or estimated because we do not know how much of the outer
portion of the tree was lost during the making of the dugout or during decay and deterioration.
Similarly, we cannot estimate when the tree was harvested to manufacture Dugout 1. All we
can say s that the actual last year of growth for the tree occurred sometime after the year 1730,
and likely formed much late r. However, w hen we ran the initial section of pine sent to us from
Dugout 1through abandsaw to downsize the piece, sparks flew from the rotating blade
indicating we had hit a metal object. We inspected the section and pulled a metal nail from the
outer surface that been inserted into the wood. This nail had a rectangular shape, but had
deteriorated such that the head was missing and the shaft had significantly eroded (Figure 6).
The rectangular shape informed us that this was a machine-stamped nail, either a Type A
(clenched head, ca. 1790 to 182@r Type B (unclenched, ca. 1810 to 1890) (Howard, 1989;
Young, 1994; Visser, 1997)but we could not determine the type because of deterioration. The
presence of this nail could suggestthat Dugout 1 also was manufactured in the early 1800s but
we caution that the nail could have been emplaced later after the initial manufacture of the
dugout.

Because thetwo dugouts date to the 1700s and early180Gs, the dugouts likely were
crafted by Euro-Americans who lived and worked in the area at the time, and not by Native
Americans. Gibson (1995) noted that Tribal Indians were no longer in the area by the mid -1700s
asmost of the larger Native American settlements were located further west in the foothills of
the Smoky Mountains. The dugout canoes likely were used by those living and working on the
nearby Patterson Plantation, perhaps transporting goods to and from a mill store that was in the
vicinity (M. Norton, Museum of Scotland County, personal communicatignDugout 1 was found
in 1977 embedded in the mud bottom of Richmond Mill Lake at 34.829 N 79.535 W. This
location suggests that the canoe may havebeen used to transport goods acrossthe lake, which
would have been more expedient than carting goods around the lake.

Dugout canoes, whether made by Native Americans or Euro-Americans, were a

significant means of transportation, consideredt h eicktp tru cks” o r pack ofani mal s
watercraft (Lehmann 2018 Newson and Purdy 1990). Newson and Purdy (1990) noted that

“canoes were used for transportation of peopl e,
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the exploitation of aquatic and flanking terrestr i a | r e Bugauts als® sould be propelled
with speeds rivaling horseback, thus contributing to the exchange of ideas and goods within a
geographic region (Hartmann, 1996). Brown (2010) noted that Native Americans taught early
colonists how to make dugout canoesin the 1700s, especially for transporting heavier loads,
using the rivers and creeks as we do modern highways to transport surplus goods to market.
We speculatethat the two dugout canoesdated by this study likely were used to transport
goods from one lakeshore to another, or to move goods downstream along the many creeks and

rivers that transect the region (Gibson 1995).

Can Dugouts be used to Extend Records back in Time?

A key result in this study is that two dugouts provided cross section s with tree rings that
extended back prior to AD 1600: AD 1542 for Dugout 2 and AD 1596 for Dugout 1. Breaking the
AD 1600 “barrier” -ringstudies kordycted anahe Cdastat Plaih regioa of
the Atlantic seaboard because so fewlongleaf pine tree-ring samples of this agehave ever been
discovered. These uncommon, older treering records provide valuable information on past
climate that complements but is different from that available from other proxy records ( e.g, the
regional bald cypre ss treering chronologies). In North Carolina, the Hope Mills longleaf pine
chronology has only one sample (HMCDED3) that extends back to AD 1597, while the Boyd
Tract longleaf pine chronology (ITRDB # NC019, collected by Edward R. Cook in 1982) has one
sample (BT26W)that extends back to AD 1559.The current oldest living longleaf pine was
discovered in 2007 by Jason Ortegren of the University of North Carolina at Greensboro. The
tree is located at theWeymouth Woods Sandhills Nature Preserve near Southern Pines in
central North Carolina and was 469 years old in 2007, giving an effective inner tree ring of AD
1538. Because the Boyd Trads in Weymouth Woods, these latter two trees may be one and the
same.

In South Carolina, Henderson (2006)located several dead standing longleaf pine trees
on Sandy Island that extended back to AD 1455 (S1083), 1512 (S1082), 1547 (S1040), 1567 (S1046),
1595 (SI075), and 1598 (S103®rissino-Mayer and Tepper (2002) documented three remnant

longleaf pine samples from Lake Louise in southern Georgia that extended back to the 1400s

12
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LLCO024 (AD 1421), LLC026 (AD 1423), and LLC043 (AD 1469), along with five other trees that
extended back to the 1500sThe Lake Louise site represents the largest concentration ofongleaf
pine samples that extends prior to AD 1600 anywhere in the Southeastern U.S At Eglin Air
Force base near Pensacola, Florida, Henderson (2006) also discovered longleaf pines with tree
rings that dated back to AD 1503 (DN019), 1517 (DN003), 1534 (DN11), 1576 (DN173nd 1593
(DNO08). Finally, Guyette et al (2012) found three montane longleaf pine trees on Choccolocco
Mountain in northeastern Alabama that extended back to AD 1583 (CHO026), 1592(CHO001),
and 1595(CHO024).

Essentially, these few records demonstrate hav longleaf pine trees that extend back
prior to AD 1600 are uncommon while tree -ring data that extend back prior to AD 1500 are
extremely rare in the Coastal Plain region along the Atlantic seaboard. Effort should be made to
locate and sample additional du gouts in coastal North Carolina, South Carolina, Georgia, and
Florida manufactured from pine that could be used to extend tree-ring records into the 1500s

and possibly the 1400s.

Why thelLack of Rsearch on Dugouianos?

The ease with which we were able to date the tree rings from the two dugouts suggests
more dendrochronological research should be attempted on this type of archaeological artifact.
Only one other study used tree-ring dating techniques on a dugout canoe in North America
(Pickard et al, 2011), and they found that the canoe was manufactured from eastern white pine
(Pinus strobud..) with tree rings that spanned AD 1491 to1557 Several reasons may explain this
paucity of research on dugouts. First, reference treering chronologies may not exist in the area
for the species used to construct the dugout. For example, a dugout that was exposed after
Hurricane Irma passed through Florida in September 2017 was made from southern red cedar
(Juniperus virginianavar. silicicola(Small) A.E. Murray) (Lee Newsom, Flagler College, personal
communicatioi, but no reference chronologies exist in Florida or Georgia for that species.
Second, the ages of many dugouts may exceed the temporal limits of the reference treeing
chronologies. For example, the 100+dugout canoes discovered at Newnans Lake in Florida

were radiocarbon dated back to the Late Archaic Period (2306-5000 B.P.) (Wheeleget al, 2003),
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well before the longest bald cypress treering chronologies extend in Florida (ca. AD 1000)
(Stahle etal., 1985;Stahle and Cleaveland 1992, 1994). Third, obtaining samples from
archaeological contexts for dendrochronological analysis is difficult (Morgan, 1975; Baillie,
1982), especially from objects that have been long submerged and/or waterlogged (Morgan,
1982; Brunning, 1995). Often, a dugout may beheavily deteriorated, preventing a long sequence
of tree rings from being acquired. Fourth, the dugout may have been crafted so that obtaining
the full sequence of tree rings from pith to outer surface would req uire multiple samples being
taken. For example, a bow or stern that has been shaped with a sloping surface could make it all

but impossible to obtain a continuous sequence of tree rings from outer surface to pith.

DugoutsCan Serve the Educational Mission

Another reason exists for the possible lack of research on dugouts in North America.
Archaeologists, preservation experts, and historians may be hesitant (which is reasonable) to
allow samples to be taken because wood samples can only be obtained by destuctive/invasive
techniques (i.e. sawing and/or drilling) that could degrade the visual and historical appeal of
the dugout. We point out, however, that wood preservation techniques have advanced so that
archaeological wood artifacts can be restored with little indication that samples had been
extracted (Christensenetal., 2012;Fink, 2017). Furthermore, any samples that are extracted can
be reattached and displayed in a way that serves the educational mission of the museum or
agency by demonstrating how tr eering dating works in dating archaeological specimens. The
LTRS will be working with personnel from the Museum of Scotland County to make such an

educational display using the samples from both dugouts.
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programs COFECHA and EDRM are available for free download from the Laboratory of Tree -

Ring Research at the Uhiversity of Arizona at http://www.ltrr.arizona.edu/pub/dpl/.
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Table 1. Statistically significant (p < 0.001)correlations found among the five measurement series from both dugouts, demonstrating

conclusive crossmatching of tree-ring series between thetwo dugouts. Segments tested were 40 years in length lagged by 10 years.

Series

LDOCO1A
LDOCO1B
LDOCO02A
LDOCO02B
LDOCO02C

Average correlation:

Begin
Ring

55
63
91
99
1

End
Ring

114
189
246
240
262

Segments
50- 60~ 70- 80~ 90- 100- 110- 120- 130- 140- 150- 160- 1706- 180- 190- 200- 210-
89 99 109 119 129 139 149 159 169 179 189 199 209 219 229 239 249
Correlations
0.34* 052 0.69 0.59
059 071 073 064 062 061 061 061 0.67 048
0.70 0.67 067 078 071 074 073 072 083 080 078 075 0.56
08 08 083 084 08 08 076 074 081 080 08 08 084
0.34* 053 068 074 068 064 064 064 074 075 072 075 082 079 080 074 053
034 055 069 069 070 068 069 072 073 076 067 073 082 080 082 0.78 0.64

* Segment flagged by COFECHA with correlation < 0.37. Thetwo segmentswere re-inspected and are dated correctly.
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Table 2. Correlation coefficients between the undated Series B for Dugout 1 that spans relative rings 63 to 189against

the Hope Mills Chronology , demonstrating conclusive crossdatingwi t h a ri ng aép@uas ninfee®fmtie 10f “ +1
40-year segments tested (lagged 10 years) highlighted. Dugout 1, Series B therefore spans the years 1604 to 1730. The best

seven correlations found for each segment (in decreasing order, left to right) and their dating adjustments are shown.

Corr = correlation coefficient.

Segment| Add Corr1 | Add Corr2 | Add Corr3 | Add Corr4 |Add Corr5|Add Corr6|Add Corr7

63-102 | 1710 0.42 | 1818 0.36 | 1620 0.34 |1875 0.34 |1560 0.33 |1544 0.33 |1827 0.33
73-112 | 1541 0.52 | 1637 0.40 | 1560 0.39 |1848 0.36 |1714 0.35 |1544 0.35 |1665 0.35
83-122 | 1541 0.48 | 1560 0.45 | 1544 043 |1663 0.36 |[1752 0.36 |1714 0.35 |1809 0.35
93-132 | 1544 0.53 | 1560 0.45 |1763 0.43 |1543 0.43 |1580 0.41 | 1733 0.40 |[1541 0.38
103-142 | 1541 0.52 | 1544 0.47 | 1833 045 | 1678 042 | 1744 041 |1598 0.38 |1620 0.38
113-152 | 1598 0.50 | 1541 0.46 | 1580 0.45 |1833 0.42 |1678 0.41 | 1544 0.41 |1814 0.40
123-162 | 1541 0.46 | 1505 0.42 | 1544 041 | 1642 041 |1716 0.40 |1508 0.39 |1556 0.38
133-172 | 1541 0.62 | 1642 0.53 | 1678 0.44 | 1799 043 | 1505 041 |1776 0.40 |1522 0.37
143-182 | 1755 0.51 | 1541 048 | 1816 0.41 |1799 0.40 |1563 0.40 |1777 0.40 |1642 0.40
150-189 [ 1541 0.55 | 1490 0.44 | 1755 041 |1642 041 |1610 0.38 | 1521 0.37 | 1693 0.36
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Figure 1. Ph.D. student Maegen Rochner of the Laboratory of Tree-Ring Sciene saws into one
end of Dugout 1 on display in the front of the Museum of Scotland County. This section
yielded a tree-ring sequence (Series B) that was 125 years in length.
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Figure 2. Dr. Henri Grissino -Mayer of the Laboratory of Tree-Ring Science cuts sctions from
Dugout 2, which had deteriorated and was stored in the back of the museum. One section
(Series C) yielded a 262year long sequence of tree rings.
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TreeRings from a Dugout

—

Move the Sequence Down

Regional Pine Data Set

1700 1800 1900

TreeRings from a Dugout

Now Absolutely Dated

Regional Pine Data Set

1700 1800 1900

Figure 3. Example of crossdating tree rings. A) Tree rings measured from a
dugout are first aligned with the regional pine data set serving as a dated
(anchored in time) reference chronology, at the outermost (youngest) tree
ring to the right. Notice that the two patterns do not align at this point and
correlation coefficients returned would not be statistically significant. B) The
series is then moved down the reference chronology one year at a time until
the patterns match up, allowing absolute calendar years to be assigned to
the tree rinds ndugpout sdribse A corfelatmra coefficient
calculated between the two series would be statistically significant and
verify the graphical crossdating.
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Standard Deviation Units

Dugout 2, Series C

Dugout 1, Series B

60 70 80 90 100 110 120 130 140 150 160 170 180 190
Ring Number

Figure 4. Confirmation of crossdating between Dugout 1 (measurement series B, in gray) and Dugout 2 (measurement

series C, in black), demonstrating high graphical and statistical correspondence (r = 0.536, n = 12§ear overlap, t = 7.04, p <

0.000001).
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Figure 5. Confirmation of crossdating between Dugout 1 (measurement series B, in black) and the Hope Mills Chronology

(gray), demonstrating high graphical and statistical correspondence (r = 0.417 n

125yearoverlap, t =5.09 p <0.00000].
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Figure 6. The machine-stamped, rectangular metal nail pulled from the wood sample sent to us
from Dugout 1 in summer 2015. This nail type dates to the early 1800s and indicates an early
19" century manufacture for Dugout 1. Note the fresh cut surface in the upper rig ht when the
wood section was passed through a band saw, causing sparks to fly from the nail.
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