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A B S T R A C T

Among the species used for dendrochronology in the Low Countries, pine from the North American continent 
represents a small and possibly overlooked subset. Southern Yellow Pine is the collective name for a number of 
pine species (Pinus spp.) of which longleaf pine (P. Palustris Mill.) is of prime importance. The wood anatomy of 
longleaf pine is easily confused with the far more common Scots pine (Pinus sylvestris L.), Additionally, longleaf 
pine did not appear in the Low Countries until relatively recently, meaning it can be found in objects which can 
be dated through other means than dendrochronology, typically archival sources. In this study we present a 
chronology for longleaf pine, as well as its distinguishing (wood anatomical) features, application and prove
nance details to enable further research into the scope of this trans-Atlantic timber trade.

1. Introduction

When dendrochronology was established in Low Countries as a 
dating method for historical building and archaeological remains, the 
initial focus was on oak (Quercus sp.) (Jansma, 1995 p17). In the 
following decades this was expanded to include conifer species 
(Sass-Klaassen, 2000).

This corpus is predominantly composed of Scots pine, Norway spruce 
and to a lesser extent

Silver fir, reflecting timber imports from Scandinavia, the Baltic and 
mountains in southern Germany. Sporadically pine timbers with a 
different wood anatomy than the ubiquitous Scots pine were encoun
tered and probably many more were not identified at all. These 
remained little more than oddities for several years until a collection 
could be formed that led to the formation of a small chronology and 
subsequent dating of previously undated objects. The origin of these 
pines is located in the southeast of the United States.

1.1. History of Longleaf pine exploitation

Longleaf pine initially had little economic relevance. The first Eu
ropean settlers in the American southeast encountered vast forests of 
longleaf pine. These were not natural forests, but an extensively 
managed landscape. The use of low intensity burning by indigenous 

peoples favored the development and maintenance of an ecosystem in 
which longleaf pine was the dominant species (Harley et al., 2023). 
Settlements were limited and used the timber for local use from their 
direct surroundings. Timbers were processed using hand tools such as pit 
saws, which was prohibitive to lumber production in quantities worth 
exporting.

This changed around the middle of the 18th century with the 
introduction of water powered saw mills. Because of the reliance on 
water for power and transportation this new mode of production barely 
impacted the old growth longleaf pine forests, since “at the close of the 
Revolutionary War [1776] the great virgin forests remained largely 
unbroken except for a few trees cut for farmstead uses and selected large 
trees near streams harvested for export.” (Croker, 1987). During this 
period a number of harbors exported timbers. Notable examples include 
New Orleans, Gulfport, Mobile and Pensacola on the Gulf of Mexico and 
Savannah on the Atlantic Coast. Ports on the Mexican Gulf were mainly 
involved in domestic trade and trade with the West Indies. Initially this 
meant Cuba, but during the 1840’s European exports grew as well, with 
England receiving most timbers (Eisterhold, 1973). This period of 
mechanization lasted from roughly 1740–1880. During the 19th century 
steam powered saw mills were established in increasing numbers, but 
since logging took place along waterways the impact was contained. The 
development of roads and later railroads in the late 19th century meant 
that logging was no longer confined to the vicinity of waterways.
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Around 1880 the logging industry took on industrial proportions, 
compared to the previous “small, almost pioneer type operations” 
(Keuchel, 1973). Apart from the domestic market (e.g. Leland et al., 
2021), Germany and Great Britain in particular were major importers of 
yellow pine. In the period from 1890 to 1913, Pensacola, Mobile, 
Gulfport, and New Orleans ranked as the four largest lumber exporting 
ports in the world, collectively exporting over 3.000.000 m3 (Keuchel, 
1973. The First World war further drove up demand for high grade 
building timber as both the French, British and later the Americans 
themselves used vast amounts of timber for various purposes (Keuchel, 
1973, Haneca et al., 2018, Greeley, 1920), ending with the virtual 
depletion of old growth forests shortly after the war. By 1930, nearly all 
oldgrowth longleaf pine was harvested and lumber companies moved 
west (Oswalt et al., 2012)

2. Material and methods

2.1. Sample collection

Samples have been collected from archaeological sites as well as 
standing buildings. These samples consist of cross-sections from water 
logged timbers and cores from dry wood. In the majority (if not all) cases 
the wood species was not determined prior to sampling. Southern Yel
low Pine timbers were not purposefully selected, but instead are a by- 
product of what was presumed to be the far more common Scots pine.

2.2. Sample processing

Samples were prepared either with scalpels and razor blades (for 
water logged timbers) or sanded with an orbital sander and progres
sively finer grit sizes between #100 and #1000.

Cores were mounted on a wooden support for stability and 

annotation.
Tree rings were measured either using a measuring stage1 with a 

binocular microscope with magnification between 10 and 45 times, or 
through on-screen measuring software (CooRecorder, Larson) with high 
resolution digital scans or photographs. In either case, treerings were 
measured with an accuracy of 0.01 mm.

Sequences were cross-dated between each other as well as with a 
preliminary chronology. Cross-dating was carried out using PAST4 
(Knibbe, 2008) and CDendro (Larson). Crossdating results with a Stu
dent t-value after Hollstein transformation (THO) of 5 or higher with a 
minimum overlap (OVL) of 75 rings and a percentage of parallel vari
ation (PPV) of 65 or higher were visually inspected before accepting or 
rejecting the position. Measurements that were determined to represent 
the same tree were averaged into a tree mean curve that replaced the 
original measurements.

Next, each measurement was compared with a mean chronology of 
the remaining measurements to check for obvious errors. Each series 
was detrended with COFECHA (Holmes, 1983) using a cubic smoothing 
spline with a 50 % wavelength cutoff at 128 years to obtain tree-ring 
indices, which were then averaged to create the final chronology.

2.3. Species identification

Longleaf pine belongs to a group of pines know as Southern Yellow 
Pine.

This group includes loblolly pine (P. taeda L.), longleaf pine 
(P. palustris Mill.), slash pine (P. elliotti Engelm.) and shortleaf pine 
(P. echinata Mill.). For the purposes of dating and provenancing these 
pines, determination down to the species level is not relevant, nor al
ways possible due to the subtle wood anatomical differences between 
species (Eberhardt et al., 2022 and Wahlenberg, 1946). Given the 
prominence of longleaf pine on both quality and quantity, the pines 

Fig. 1. Cross section of longleaf pine (a) and Scots pine (b), radial section of longleaf pine (c) and Scots pine (d), adapted from Jacquiot (1955).

1 Velmex measuring stage coupled with Acu-rite linear encoder
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discussed here are considered to be longleaf pine. For the purpose of this 
study the differentiation between Scots pine and Southern Yellow Pine is 
sufficient.

For identification, coupes were cut from transversal, radial and 
tangential section and viewed under a transmitted light microscope. A 
first indication is a sharp transition between early wood and late wood, 
visible by naked eye in the cross-section (see Fig. 1). Further confir
mation can be found in the radial section of the rays; whereas Scots pine 
has a single smooth pinoid pit per cross field, Southern Yellow Pine has 
2–4 irregular shaped pinoid pit per cross field (Jacquiot, 1955).

Furthermore, longleaf pine samples can be very hard and/or resinous 
(Keuchel, 1973).

As mentioned before, species identification is typically carried out 
after the selection of dendrochronological samples if at all. In some cases 
the species was determined by naked eye. This can be enough to 
distinguish between spruce, fir and pine, but the subtle differences be
tween different pine species are easily overlooked.

As a result, the species identification in practice was carried out at 
different stages of the research. This might be prior to tree-ring analysis, 
or cross-dating results might prompt further determination.

3. Results

The chronology spans 309 years, from 1614 to 1922 and includes 33 
measurements representing 36 timbers (Table 1) and is available at htt 
ps://doi.org/10.34894/UANHWP. The oldest timber was felled after the 
growing season of 1785. Older terminus post quem dates have been found, 
but it cannot be ascertained that these were felled earlier as well. 
Contextual information indicates this is not likely. Based on available 
written sources most timbers were felled after 1880.

Table 1 
Overview of longleaf pine data.

keycode location object element nr rings span waney 
edge

contextual date reference

15.024.008 Hei- en Boeicop (NL) farm post 100 1695–1794 Y re-used in 1858 van Daalen, unpublished
18.027.001 Groningen (NL) revetment plank 135 1762–1896 N - van Daalen, (2018)
20.003.001 Haarlem (NL) bridge beam 122 1664–1785 Y ​ van Daalen, (2020a)
20.050.001 Burcht (BE) revetment plank 92 1739–1830 N built 1910/11 van Daalen (2020b)
20.050.004 Burcht (BE) revetment plank 74 1743–1816 N built 1910/11 ibid
20.050.005 Burcht (BE) revetment plank 88 1747–1834 N built 1910/11 ibid
20.050.006 Burcht (BE) revetment plank 81 1748–1828 N built 1910/11 ibid
20.050.012 Burcht (BE) revetment plank 158 1706–1863 N built 1910/11 ibid
20.050.013 Burcht (BE) revetment plank 149 1661–1809 N built 1910/11 ibid
21.063.001 Alphen aan den Rijn 

(NL)
haystack post 136 1765–1900 Y ​ van Daalen, (2021)

22.024.003 Schiedam (NL) distellery plank 89 1679–1767 N - van Daalen (2023a)
22.096.010 Groningen (NL) lumbermill beam 125 1722–1846 N part of a phase dating c. 1872 van Daalen (2023b)
1EI0137M Sint-Oedenrode (NL) bridge post 174 1749–1922 N - van Daalen, 2010, in: 

Peters
1UT0090M Bunschoten (NL) windmill windmill wick 121 1621–1741 N - van Daalen, unpublished
FR00101 Easterein (NL) farm truss plate 187 1691–1877 N built 1881 Borghaerts, (2021)
FR00102 Easterein (NL) farm truss plate 89 1694–1782 N built 1881 ibid
FR00322 Itens (NL) farm truss plate 183 1707–1889 Y built 1901 ibid
FR07201 Wommels (NL) farm truss plate 255 1626–1880 Y built 1881–83 ibid
FR08103 Nijland (NL) farm truss plate 115 1614–1728 N - ibid
FR08909 Lollum (NL) farm truss plate 207 1664–1870 N built 1884–85 ibid
FR09905 Holwerd (NL) farm beam 234 1625–1858 N used after 1879 Borghaerts, unpublished
FR17003 Goutum (NL) farm beam 122 1759–1880 Y ​ Borghaerts, (2021)
FR17461 Nijeholt Pade (NL) farm miscellaneous 224 1674–1897 N - Borghaerts, unpublished
FR17462 Nijeholt Pade (NL) farm miscellaneous 223 1674–1896 N - Borghaerts, unpublished
FR18509 Dronrijp (NL) farm wind shear 167 1719–1885 N - Borghaerts, unpublished
FR20501 Tjerkwerd (NL) church floor beam 159 1640–1798 N remodelled 1888 Borghaerts, unpublished
FR20502 Tjerkwerd (NL) church floor beam 82 1640–1721 N remodelled 1888 Borghaerts, unpublished
FR20503 Tjerkwerd (NL) church floor beam 87 1712–1798 N remodelled 1888 Borghaerts, unpublished
FR20701 Achlum (NL) farm miscellaneous 157 1743–1899 Y rebuilt after a fire in 1900 Borghaerts, unpublished
FR20702 Achlum (NL) farm miscellaneous 194 1705–1898 N rebuilt after a fire in 1900 Borghaerts, unpublished
FR20703 Achlum (NL) farm miscellaneous 130 1770–1899 Y rebuilt after a fire in 1900 Borghaerts, unpublished
FR20704 Achlum (NL) farm miscellaneous 94 1767–1860 N rebuilt after a fire in 1900 Borghaerts, unpublished
FR20705 Achlum (NL) farm miscellaneous 169 1693–1861 N rebuilt after a fire in 1900 Borghaerts, unpublished
FR20901 Dedgum (NL) church floor beam 152 1642–1793 N remodelled 1889 Borghaerts, unpublished

Fig. 2. Find locations of longleaf pine in the Low Countries.
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Three planks from a revetment in Burght, near Antwerp, Belgium, 
were found to originate from the same tree. A tree mean curve to replace 
their constituent measurement series was already made during the 
initial analysis. Less obvious were the two timbers from the same tree 
(FR20901 and FR20501) that were found in separate buildings. How
ever, archival records show this involved two churches in the neigh
boring villages of Tjerkwerd and Dedgum where the same carpenter 
carried out repairs. The likely explanation is that two ends of the same 
beam were used in different buildings. The shorter of the two series 
(FR20901) has not been included in the final chronology.

The majority of timbers from standing buildings were found in farms 
in the Dutch province of Frisia (Fig. 2). This probably does not reflect a 
regional preference for Longleaf pine, but instead a sampling bias as a 
result of a focused study on Frisian farmhouses from all periods, 
including those typically not selected for dendrochronological dating 

(Borghaerts, 2021). The archaeological finds do not show such a 
concentration.

The only structure that is composed mostly of longleaf pine is the 
revetment in Burght, Belgium. In archaeological contexts longleaf pine 
is otherwise found as single samples, seemingly with no special regard to 
their function. It is used alongside other commonly encountered species 
such Scots pine and oak native to Europe. In buildings longleaf pine is 
applied with more consideration, often specifically as truss-plates.

To determine the provenance of the timbers synchronization results 
were plotted with a larger size dot indicating stronger correlation. 
Reference material from the International Tree Ring Data Bank (ITRDB), 
as well as additional studies of old growth longleaf pine were used for 
this purpose. Out of 27 references, 6 showed acceptable synchronization 
results.

The highest t-value was obtained with a longleaf pine chronology 

Fig. 3. Top: Historical range of longleaf pine, notable export harbors and waterways providing access to inland areas. Bottom: Grid plot of the Spearman rank 
correlation coefficient of the master chronology with the NADA over the period 1699–1892 and synchronization results scaled by THO (Little, 1971).
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from the Terminal Warehouse in New York (NC051) with a t-value of 
8.23 at 271 years overlap. Since these timbers have also been imported 
from the southeast of the US (Leland et al., 2021) it provides only limited 
provenance information.

The remaining references originate from known locations (i.e. living 
trees) and these point towards the south of Alabama or the west of 
Florida. Leland et al. (2021) show that correlating measurement series 
with the North American Drought Atlas can provide additional prove
nance information. Applying this method to the data presented here 
shows stronger correlations shifting eastwards, placing the strongest 
results in the north of Florida and south of Georgia, while favoring 
neither Pensacola not Savannah.

However, in the zone with the highest correlation coefficient two 
datasets are available (GA006 and GA015) but do not show acceptable 
results.

4. Discussion

While the distribution of dendrochronological dates at first glance 
seems to reflect historical developments, additional information from 
written sources indicates that the majority of timbers were used after 
1880, i.e. the period of industrial logging. Timbers from the early 20th 
century are scarce, despite the increasing scale of the logging. Examples 
of Frisian farms from 1900 onwards are known, but have not been 
dendrochronologically researched yet. These are constructed entirely 
from longleaf pine, as opposed to earlier examples where longleaf pine is 
used only for specific parts.

With most of the European exports heading for England and later 
Germany, the Low Countries do not appear to be an obvious destination. 
When looked at from the perspective of the Low Countries, the archival 
sources are scarce. This is in part because of use of the vernacular name 
“American pine”, which can refer to yellow pine, but also white pine 
(Pinus strobus L.). Occasionally, the more specific name of pitch pine is 
used, which refers to several species of yellow pine. The latter term can 
be found in the purchasing record of the mast and block maker de Vries 
in Lemmer (the Netherlands) (spanvis.com). This show irregular pur
chases of less than a dozen timbers at a time, every few years. The 
majority of the timbers are purchased in the Amsterdam, alongside other 
Dutch ports such as Zaandam, Harlingen and Groningen.

Harlingen also appears in a historical record relating to loss of the 
barque “Aurora”, whilst transporting timber between Pensacola and 
Harlingen in January of 1879 (Stichting Maritiem-Historische Data
bank). This indicates direct and established trade connections, even 
though Pensacola was of lesser importance compared to Savannah for 
the European markets; ports on the Mexican Gulf were mainly involved 
in domestic trade and trade with the West Indies. Despite efforts to in
crease foreign contact, only two per cent of timber exported from Pen
sacola went to European ports. Chief among them were ports in England, 
Scotland and Ireland, accounting for ~ 3370 m3 from 1855 to 1858 
(Eisterhold, 1972). There were also a few shipments to Bremen (Ger
many), Marseilles (France), and Barcelona (Spain). The port of 
Savannah on the Atlantic coast was more focused on foreign markets. 
Around the mid 1840’s half of its annual volume of ~42.500 m3 went to 
foreign ports. This increased to ~94.000 m3 in 1859 with 75 % cleared 
for foreign ports. Initially this meant Cuba, but during the 1840’s most of 
the foreign exports went to England ~22.500 m3 in 1855–1856 
(Eisterhold, 1972).

With most timbers dating post 1880 it is not clear whether Savan
nah’s growing stake in

European exports continued, but this changes little regarding the 
provenance of the timbers. Fig. 3 shows the highest correlation just 
between the areas directly accessible by river from both Pensacola and 
Savannah. These would have been the areas depleted first in the years 
leading up to 1880, leaving the area in between relatively intact. 
Exploitation of this area using railways would mean the exporting har
bor is no longer dictated by geography, but other factors. It is likely 

timbers exported from both harbors are present in the data. The absence 
of significant matches with the datasets (GA006 and GA015, see Table 2) 
could be due to the datasets reflecting localized growth conditions. 
Despite close proximity, the cross dating results between the sites are 
modest at best (THO:5.54, PPV: 61.3 and OVL: 194).

4.1. Trans-Atlantic timber trade

Some other examples of trans-Atlantic timbers have been found 
previously in the Low

Countries. These consist of singular finds, such as a 19th century pine 
ship timber from Colorado (van Daalen, 2024a), or a re-used oak barrel 
from the Great Lakes area (van Daalen, 2024b). These are not only 
singular finds, but also mobile objects and do not indicate trans-Atlantic 
trade of (raw) building materials. Examples of substantial use of 
American pine has been found in WW1 trenches (Haneca et al., 2018) 
and outside the Low Countries finds of white oak (Quercus alba L.) have 
been reported (Crone et al., 2017).

5. Conclusion

Longleaf pine is an easily overlooked species that is very suitable for 
dendrochronological dating. It can be found in contexts from the middle 
of the 18th century, but more likely from the late 19th century to the 

Table 2 
Reference chronologies and cross dating statistics.

chrononology (reference) site OVL PPV THO

NY051 (Leland et al, 2021) Terminal Warehouse 
New York

271 62.0 8.23

EGLIN (Henderson, 2006) Eglin Airforce Base (FL) 302 69.0 7.69
AL002 (Kush et al, 2002) Flomaton Natural Area 

(AL)
109 70.6 6.51

FL022 (Larson et al, 2023) Goethe State Forest (FL) 302 60.9 5.96
LA002L (Guyette et al, 

2012)
Kisatchie Hills (LA) 302 58.6 5.79

GA017 (Pederson et al, 
2012)

Spreewell Bluff (GA) 274 63.0 4.46

GA015 (Pederson et al, 
2012)

Greenwood Plantation 
(GA)

262 56.3 3.99

AL003 (Guyette et al, 2012) Choccolocco Mountain 
(AL)

302 56.8 3.28

NC9 (Barefoot, 1996) Weymouth Woods State 
Park (NC)

252 58.1 3.08

GA006 (Pederson et al, 
2002a)

J.W. Jones Ecological 
Research Center Dry Site 
(GA)

121 55.0 2.97

HOPEMILLS_PIPA (van de 
Gevel et al., 2009)

Hope Mills (NC) 302 57.3 2.90

NC028 (Mitchell et al, 2019) Uwharrie National Forest 
(NC)

183 56.3 2.47

NC2 (Barefoot, 1997) Jeffries Smokehouse 
(NC)

209 57.2 1.95

NC019 Cook and St. George, 
2011)

Boyd Tract (NC) 302 56.6 1.94

NC017 (Ortegren, 2010) Weymouth Woods (NC) 233 53.0 1.90
NC030 (Maxwell et al, 2021) Boiling Springs (NC) 203 52.5 1.61
NC033 (Maxwell et al, 2021) Holly Shelter (NC) 228 54.8 1.34
FL011 (Harley et al, 2017) Kissimmee (FL) 167 54.5 1.01
FL021 (Zampieri, Pau, 

2023)
Withlacoochee State 
Forest (FL)

114 50.4 0.80

NC035 (Maxwell et al, 2021) Salters Lake (NC) 118 54.2 0.73
NC031 (Maxwell et al, 2021) Catfish Lake (NC) 233 50.4 0.67
SANDY_ISLAND_PIPA (

Henderson, 2006)
Sandy Island (SC) 302 53.0 0.35

NC034 (Maxwell et al, 2021) Millis Road (NC) 137 52.9 0.03
SC008 (Maxwell et al, 2021) Lewis Ocean Bay (SC) 287 50.0 − 0.55
FL013 (Zuidema et al, 2022) Chinsegut Conservation 

Center (FL)
138 45.7 − 0.63

NC032 (Maxwell et al, 2021) Green Swamp (NC) 274 50.7 − 1.45
GA005 (Pederson et al, 

2002b)
J.W. Jones Ecological 
Research Center (GA)

121 46.7 − 1.94
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early 20th century. Species identification for all pine samples from this 
period is therefore recommended.

While the Low Countries do not appear to be an important destina
tion for longleaf pine, enough samples could be collected more or less by 
accident to establish a working reference chronology. It is therefore to 
be expected that trans-Atlantic longleaf pine exports should be present 
in other countries as well, specifically in contexts from the middle 18th 
century up to the early 20th century and in places connected to inter
national trade networks.

The excellent wood properties mean it can be found in all structures 
where established species such as oak and Scots pine are found as well. 
So far, structures where longleaf pine is the main construction timber are 
rare and pre-1900 finds are probably no more than a few samples per 
site.
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