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The composition and structure of modern forest ecosystems result from past
and present climate as well as centuries of anthropic and natural disturbances.
Concerns related to the integrity and resilience of forests in the context of
climate change have led to novel ecosystem-based management methods that
require extensive knowledge about the preindustrial state of forests and past
disturbance regimes. At the beginning of industrial forest exploitation, waterways
were used as the main conduits to transport wood, but the timing and impacts of
this log driving remain understudied. Given that an estimated 15% to 50% of log-
driven logs sank during their transport, this accumulation of subfossil wood can
serve as a proxy tool for reconstructing the dynamics and structure of
preindustrial forests and inform modern forest management practices. This
review provides a global overview of log driving and highlights the significant
value of these submerged logs for disturbance ecology. We demonstrate that log
driving was used on most continents, implying that proxy records from subfossil
logs may be available from numerous boreal and mountainous regions. Our
review is one of the first to illustrate the paleoecological value of log-driving
remnants and explain how such a resource provides a valuable tool for
understanding past forest ecosystems. Such knowledge is crucial for informing
forest management in the face of climate change.

KEYWORDS

dendroecology, disturbance ecology, ecosystem-based forest management, log
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1 Introduction

Over the past several centuries, lumber industries have been a crucial element in the
economic development of many countries. In numerous regions, early timber felling lacked
access to the few existing roads and railways for transporting logs (Barros and Uhl, 1995).
Without this infrastructure, timber transport commonly relied on waterways (Agnoletti,
1995; Haba and Deusa, 2001; T6érnlund and Ostlund, 2002). This log drive served—for
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more than 200 years in some regions—as the primary means of
moving timber from the forest to sawmills. Despite the importance
of this historical disturbance, no study has reviewed where and
when log driving was used.

Because of earlier intensive logging, many modern forest
landscapes exist beyond their natural range of variability
(Kuuluvainen et al., 2021). The current simplification and
homogenization of forests make them highly vulnerable to climate
change and its expected impacts on natural disturbance regimes
(Montoro Girona et al., 2023a). Recently, forest management
approaches have promoted harvesting techniques that emulate
natural disturbance effects to restore and maintain forest structure
and function (Stockdale et al., 2016). This ecosystem-based
management requires knowledge of regional past disturbance
regimes and preindustrial forest conditions (Gauthier et al., 2023;
Montoro Girona et al., 2023a). However, despite current efforts to
understand past forest states (Montoro Girona et al., 2018; Navarro
et al., 2018; Aakala et al, 2023), there remains a significant
knowledge gap in regards to past climate variations, disturbance
regimes, and the state of preindustrial forests (Montoro Girona
et al., 2023b). This missing information is critical for establishing
more sustainable harvesting practices (Hof et al., 2021; Achim et al.,
2022; Montoro Girona et al., 2023c).

During log driving, approximately 15% (eastern Canada) to
50% (central Siberia) of logs entering the waterways sank,
resulting in often massive accumulations of wood on lake and
river bottoms (Figure 1A; Marchand and Filion, 2014; Hellmann
et al., 2016). Over the last decades, restoration efforts have aimed
to return rivers and lakes to their natural state and function
(Helfield et al., 2007; Pilotto et al., 2018). This restoration includes
the removal of lost logs that, in some cases like in eastern Canada,
have spent more than 200 years on the lake bottom (Tremblay,
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1991; Houde, 2007). These sunken logs often remain in excellent
condition (Figure 1B), enabling their recovery and commercial use
(Lemay, 2016). These well-preserved subfossil logs are also of high
interest for use in disturbance ecology as well as for reconstructing
preindustrial forest ecosystems and the spatiotemporal patterns of
forest exploitation.

This review provides a global overview of log-driving history
and highlights the significant value of submerged log-driven wood
for disturbance ecology and the reconstruction of climate and
preindustrial forest structure. We reviewed scientific (22) and
historical (14) papers that mentioned the use of log driving and
summarized where, when, and how log driving was used in multiple
regions around the world (Table 1). We discuss how well-preserved
submerged wood can help reconstruct the structure and dynamics
of preindustrial forest ecosystems and provide relevant information
for new management strategies to help protect and restore
global forests.

2 What is log driving?

Log driving is the transport of wood logs using river flow (Sedell
et al, 1991). Cut logs are floated from the forest to main water
bodies for direct export (Hardy, 2001) or, more frequently, to
sawmills for processing (Sedell et al., 1991; Grabner et al,, 2004).
In most locations, log driving consisted traditionally of numerous
steps, including marking, dumping, booming, raft building,
transport, sorting, and storage. First, logs were marked on land at
their cutting site by carving or stamping the wood with the
company name or logo (Figures 1C, D) before being dumped into
a nearby river (Schulman, 1974; Agnoletti, 1995). Dumping is the
action of moving a log from the land to the water, either by rolling

FIGURE 1

(A) Subfossil logs on a lake bottom; the logs sank during log driving in the Mauricie region of Québec (Canada); (B) well-preserved logs extracted
from Tee Lake (Témiscamingue, Canada); (C) stamp of the R.A. Hurdman Company on a recovered log (Ottawa, Ontario, ca. 1892); (D) stamp of the
Greés Falls Company on a recovered log (Trois-Riviéres, Québec, ca. 1908); (E) cross-section of a log recovered from a lake bottom, showing two fire
scars. The green arrow indicates the first (oldest) fire, and the yellow arrow indicates the second (more recent) fire. Photo credits: (A) Nathalie
Lasselin Aquanat, (B—D) Julie-Pascale Labrecque-Foy, and (E) Amélie Bergeron.
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TABLE 1 References stating the beginning and ending years of log
driving in the different regions and countries around the world.

Year (beginning— References
ending)
EUROPE
Spain 10"-20" century Dominguez-Delmas
et al., 2018
Ttaly 13" century-1925 Agnoletti, 1995
Austria 1583-Second World War Grabner et al., 2004
1563-1924 Grabner et al., 2021
France 1720 century Jacod-Rousseau and
Gob, 2020
Second World War Morris, 1920
Poland 19t century Daheur, 2019
SCANDINAVIA
Sweden 1800-N.d. Bjorklund, 1984
1850-1991 Nilsson et al., 2005
1790-1991 Ostlund, 1995
1820-1976 Tornlund and Ostlund,
2002
Finland 1860-N.d. Bjorklund, 1984
1800-1991 Héanninen, 2009
1850-1991 Nilsson et al., 2005
RUSSIA

Entire country

Central Siberia
Eastern Siberia

Western Russian

N.d.-Still used in 1967
1880-N.d.

Late 19" century-present
Mainly in the 19" century

1840-present

Avakyan, 1967
Bjorklund, 1984

Hellmann et al.,, 2016
Hellmann et al.,, 2016

Hellmann et al., 2016

19" century

Daheur, 2019

CANADA
Québec 1806-1990 Lemay, 2016
Mauricie 1830-1990 Chabot and Darveau,
Early 19"-end of 20" century | 2011
1829-1990 Hardy, 2001
1832-1970 Lemay, 2016
Marchand and Filion,
2014
Teémiscamingue 1872-N.d. Lienert, 1966
Beauce- 1842-1956 Pomerleau, 1997
Appalaches
Rimouski 1820-1864 Boucher et al., 2009
Saguenay-Lac- 1838-N.d. Lemay, 2016
Saint-Jean 1830-N.d. Tremblay, 1991
Portneuf 1920-1975 Chabot and Darveau,

2011

British Colombia

19" century-Still used
into 21*" century

White, 2001
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TABLE 1 Continued

References

Region/

Year (beginning—

Country ending)

UNITED STATES

Maine 1830-1976 Moring et al., 1989
Pennsylvania 1850-N.d. Cox, 1980
Kentucky and 1900-1930 Montell, 1988
Tennessee 1870-1930 Schulman, 1974
West coast 1894-1941 Adams, 1971
1840-1978 Sedell et al., 1991
Alaska N.d.—present Pease, 1974

SOUTH AMERICA

Brazil ‘ 15th-20th century ‘ Barros and Uhl, 1995
ASIA

Thailand ‘ 1870-1937 ‘ De ’Ath, 1992
AFRICA

Nigeria ‘ N.d.-present Okon et al., 2021

N.d. stands for “No date”, meaning that no dates were mentioned.

the log or by using slides, self-dumping barges, or even helicopters
(White, 2001). Once in the water, and before their transport, the
logs were kept in place by log booms—a barrier generally made of a
chain of logs tied together by their ends (Schulman, 1974; White,
2001)—to immobilize the timber before being moved downstream.
Transport of the logs was preferentially done during the high-water
season (usually the spring freshet), when water levels and discharge
are highest (Térnlund and Ostlund, 2002). Logs could be floated
individually or as bundles. When single logs were floated, they were
guided by log drivers, i.e., workers standing on the logs or along the
river bank, moving downstream with the logs and trying to prevent
log jams (Pomerleau, 1997). Logs could also be tied together to build
flat rafts (Grabner et al., 2021) to reduce the risk of logs sinking or
drifting away (Hellmann et al., 2016). In certain rare cases, on larger
rivers and when logs needed to be transported over a very long
distance (sometimes up to 1500 km), rafts and wood bundles could
be towed by boats (Adams, 1971; Barros and Uhl, 1995). Upon their
arrival at the sawmill, the logs were sorted according to the
company’s stamp as well as by grade, species, and size (Agnoletti,
1995; White, 2001). Logs were then stored in shallow water near the
shoreline until they could be processed (White, 2001).

3 History of log driving around
the world

Although log driving began earlier in some regions, log driving
has been used on all continents and simultaneously across all
regions during the 19" and 20™ centuries (Figure 2).
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Years of log driving
® Before 1800
©  Between 1800 and 2000
@ Still used in 2020

FIGURE 2
Spatiotemporal pattern of log driving around the world.

3.1 Europe

Log driving first began in southern Europe, already being used
by the end of the 10" century on the Guadalquivir River in
Andalusia (Spain). Timber companies floated mostly black pine
(Pinus nigra) from the Cazorla and Segura forest for its use in the
construction of palaces, religious buildings and ships (Haba and
Deusa, 2001; Dominguez-Delmas et al., 2018). In Italy, log driving
on the Piave River started in the 13" century to bring wood from
the Alps to Venice and lasted until around the end of the First
World War (Agnoletti, 1995). In Austria, log driving began in the
mid-16" century and continued until the end of the Second World
War (Grabner et al,, 2004). The logs, mainly Norway spruce (Picea
abies), were transported as rafts from the Limestone Alps to Vienna,
and these rafts even served to transport passengers until 1860
(Grabner et al., 2021). In France, between the 16™ and the 19"
century, log driving was conducted on the Yonne river, from the
Morvan mountainous massif to Paris (Jacod-Rousseau and Gob,
2020). Log driving was also used in France during the First World
War, to supply wood to the British Army (Morris, 1920).

Log driving in Sweden developed at the beginning of the 19™
century (Bjorklund, 1984) and was followed by the extensive
clearing of rivers and the construction of a network of floatways
affecting more than 30,000 km of rivers and lakes (T6rnlund and
Ostlund, 2002; Nilsson et al., 2005). Intensive exploitation of the
forests started around 1850 (Nilsson et al., 2005), and by the end of
the 19™ century, Sweden was a world leader in the exploitation of
wood products (Bjorklund, 1984; Ostlund, 1995). In Finland, the
logging industry expanded quickly around 1860 (Bjorklund, 1984),
and floatways available for log driving involved about 40,000 km of
rivers (Nilsson et al., 2005). Over the second half of the 20t century,
timber trucks gradually replaced log driving, leading to the end of
log driving by the end of the 20" century in Scandinavia (Térnlund
and Ostlund, 2002; Hinninen, 2009).
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3.2 Russia

The onset of log driving in Russian forests in the late 19™ century
occurred mostly in the Baltic Sea area, although it expanded rapidly
to the White Sea region (Bjorklund, 1984; Hellmann et al., 2016). The
Pechora River later became the main waterway used for log driving
(Hellmann et al,, 2016). Log drive was also done along the Vistule
river, from Russia to Poland (Daheur, 2019). The primary purpose for
wood exploitation in Russia was exportation and, by the onset of the
20™ century, Russia was one of the largest wood exporters in Europe
(Bjorklund, 1984). In 1965, about 125 million m?> of wood was
estimated to be delivered by waterways in Russia, 80% transported
as rafts (Avakyan, 1967). Log driving continues today in some areas
of central Siberia and western Russia, although wood bundles and
rafts are guided by boats (Hellmann et al., 2016).

3.3 North America

In the 19™ century, North American colonies were Britain’s
most important wood suppliers (Aird, 2016). Commercial forestry
and log driving in Queébec (Canada) started in 1806 in the St.
Lawrence River watershed and included the Quebec City, Lac-Saint-
Jean, Rimouski, Mauricie, and Outaouais regions (Pomerleau, 1997;
Boucher et al,, 2009; Gagnon et al,, 2009; Chabot and Darveau,
2011; Marchand and Filion, 2014). In 1842, forest harvesting,
accompanied by log driving, reached the Beauce-Appalachian
region (Pomerleau, 1997) and then moved north to the
Témiscamingue region by 1872 (Lienert, 1966). Timber
harvesting also occurred in Ontario, from where the logs were
floated on the Ottawa and St. Lawrence rivers before reaching
Quebec City and being exported to Britain (Hardy, 2001). In most
regions of eastern Canada, log driving ended around 1970
(Marchand and Filion, 2014).
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In the United States, log driving began in multiple states
between 1830 and 1870 (Sedell et al., 1991). In Maine, log driving
occurred on many rivers between 1830 and 1976 (Moring et al,
1989). The first log drive in Pennsylvania took place in 1850 and
was followed by intense logging (Cox, 1980), with large flat rafts of
logs filling the western branch of the Susquehanna River in spring.
In Kentucky and Tennessee, the Cumberland River was extensively
used for log driving from 1870 to 1930 (Montell, 1988). Along this
river, rafts containing up to 100,000 logs were floated down the river
twice a year, once at the beginning of the winter and a second at the
end of spring (Schulman, 1974). Log driving was also extensively
used in the western United States. Rivers and streams in Nevada,
Arizona, Montana, Utah, Colorado, Idaho, Oregon, Washington,
and California all supported log drives at some point in the 19" and
20" centuries (Sedell et al., 1991).

Along the west coast of Alaska and British Columbia (Canada),
log driving only began in the 20" century (Pease, 1974; Sedell et al.,
1991). Log driving continued in areas of British Columbia into the
21°" century (White, 2001).

3.4 South America, Asia, and Africa

Although less documented, log driving served as an important
means of wood transport in South America, Asia, and Africa (De
"Ath, 1992; Barros and Uhl, 1995; Okon et al., 2021). In the Brazilian
Amazon, commercial logging and log driving started around the
beginning of the 17" century. By the end of the 20™ century, log
driving continued to be the main method of wood transport in
remote areas (Barros and Uhl, 1995). In Thailand, between 1870 and
1937, teak logs were floated for 200 to 4000 km to reach Bangkok for
export to Asia, Europe, and America (De "Ath, 1992). Elephants were
often used to move these logs from the cutting site to the river and to
break log jams (De "Ath, 1992). Finally, log driving continues to be
practiced in Nigeria, as it remains the only option in regions with
underdeveloped road networks (Okon et al., 2021).

4 The potential of sunken wood in
forest ecology

4.1 Dendrochronology and forest ecology

Dendrochronology, i.e., the study of tree-ring records, has been
widely used to reconstruct past climate (Pauly et al., 2021; Savard
and Begin, 2021) and disturbance regimes (Montoro Girona et al.,
2016; Labrecque-Foy et al, 2020). Disturbances leave indicators
such as scars, growth release, ring wedging, and growth suppression
in trees’ annual radial growth rings (Swetnam et al., 2009; Morin
et al,, 2010; Debaly et al., 2022). Therefore, tree rings from living
trees constitute valuable high-resolution environmental archives for
reconstructing frequency, intensity, and spatiotemporal patterns of
past disturbance regimes over the trees’ lifetimes (Pearson
et al.,, 2014).
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However, the temporal perspective of tree-ring analyses is
limited by the life span of living trees (Stockdale et al., 2016). To
increase the temporal perspective of tree-ring studies, researchers
can also rely on wood collected from old buildings or dead trees
(Krause, 1997; Payette et al., 2008; Boulanger et al., 2012). Dead
wood found on land is often not well preserved, often preventing
the development of long tree ring-based chronologies (Stockdale
et al., 2016). However, accumulated wood preserved on lake
bottoms can offer centennial- to millennial-scale records for
boreal regions (Gennaretti et al., 2014). This preservation occurs
in lakes having low lake-bottom oxygen levels and cold
temperatures. These conditions limit decomposition (Pearson
et al., 2014) and favor little to no modification of wood structure
and anatomy (Beldean and Timar, 2021). Tree-ring chronologies
from this well-preserved submerged wood, also called subfossil
wood, can be dated when they overlap known and already-
established chronologies (McCarroll and Loader, 2004).
Therefore, subfossil wood enables researchers to study
environmental conditions over a more extended period (Pearson
et al,, 2014). Given that 15% to 50% of log-driven logs sank during
transport, the potential for such a paleoenvironmental resource is
great for many boreal and mountainous regions.

4.2 Reconstruction of disturbance regimes

Fire is one of the main disturbances in the boreal forest, and the
study of past fire regimes and its relation to climate and anthropic
activities is necessary to improve forest management, particularly in
the context of climate change (Aakala et al., 2023; Montoro Girona
et al., 2023b). Trees at a fire’s edge or those growing within areas
that experienced a moderate fire severity can develop fire scars (Erni
et al,, 2017). On a cross-section of a tree stem, fire scars can be
identified (Figure 1E) and dated, even at a seasonal resolution (e.g.,
Swetnam et al., 2009), using the tree-ring record (Payette et al,
2008; Arseneault et al., 2021). Using fire scars from living and dead
trees, Arsencault et al. (2021) reconstructed the fire dynamics over
the last 200 years in northern Quebec (Canada). However, using
fires scars of subfossil wood extracted from six lakes in northern
Québec, Gennaretti et al. (2014) were able to reconstruct a fire
history covering about 1240 years.

Insect outbreaks can also be reconstructed with
dendrochronology. For instance, during outbreaks of defoliating
insects such as pine processionary moth (PPM; Thaumetopoea
pityocampa) or spruce budworm (SBW; Choristoneura
fumiferana), the defoliation of hosts trees leads to growth
reductions that are noticeable in growth rings series (Morin et al.,
2010; Sangiiesa-Barreda et al., 2014). By dating radial growth
reduction in living hosts species and comparing them to non-host
species, researchers were able to reconstruct the past SBW
outbreaks of the last two centuries in eastern Canada (Simard
et al,, 2011; Navarro et al., 2018). However, using subfossil wood,
Pitre (2019) was able to reconstruct outbreaks episodes over the last
700 years, the longest chronology for SBW in North America.
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4.3 Reconstruction of climate fluctuations

Climate reconstructions are essential for understanding how
climate change affects forest ecosystems. Tree ring-based climate
reconstructions rely on various properties, such as ring width, wood
anatomy, and wood density (Bouriaud et al., 2005; Pritzkow et al.,
2014; Buntgen et al., 2021). However, such records require
detrending or standardization, which can sometimes modify or
reduce the strength of the climatic signal (Labrecque-Foy et al,
2023). As an alternative, the isotopic analysis of the wood in the
annual growth rings is receiving greater interest as a promising
means of reconstructing past climate (Alvarez et al., 2018).

Oxygen and carbon stable isotope ratios (3'*0 and §'°C,
respectively) are influenced by photosynthesis rates and
evapotranspiration, both influenced by environmental and
climatic conditions (McCarroll and Loader, 2004). Combining
oxygen and carbon isotopes of tree-ring records in wood beams
from ancient buildings in Rennes (France), Masson-Delmotte et al.
(2005) reconstructed summer temperatures and water stress for the
last 400 years. However, using '*O isotopes of subfossil wood from
one lake in northeastern Canada, Naulier et al. (2015) were able to
reconstruct summer temperatures of the last 1000 years, and
determined that the last three decades experienced the fastest
warming over the last millennium.

4.4 Reconstruction of preindustrial forest
composition and structure

Knowledge related to the composition and structure of
preindustrial forest ecosystems is essential to set management goals
and provide a reference state for future forest planning (Dupuis et al.,
2011). The most direct means of assessing the natural state of
preindustrial forests is to characterize old, never-harvested forests
(Delisle-Boulianne et al., 2011). However, such forests are rare or
non-existent in many regions because of earlier intense harvesting
(Delisle-Boulianne et al., 2011). Therefore, researchers can rely on old
land surveys to reconstruct past forest composition (Boucher et al,
2009; Terauds et al, 2011; Terrail et al, 2019). Although this
technique has proven successful in specific contexts, the limited
accessibility of such surveys, their inconsistent and low spatial
coverage, and the relatively recent use of land surveys (often after
the beginning of colonization) limit this approach (Boucher et al,
2014). Furthermore, old land surveys can be biased because they
generally identify the dominant species, and rarely include the relative
contribution of multiple subdominant species (Terauds et al., 2011).

Trees cut during the initial colonization phase represent
preindustrial forests. Studying the log-driven subfossil wood of
these preindustrial forests can help reconstruct the preindustrial
forest composition and age. Boucher et al. (2009) combined old
land surveys and subfossil wood to reconstruct past forest of the
Rimouski region (Québec, Canada). Although selective logging
could potentially bias a reconstitution, the authors found a good
temporal representation of each study species. They reconstructed
the state of the preindustrial forest (ca. 1820) and its gradual change
in composition to the present.
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The nature (size, species, age, etc.) of the wood found in the
recovered logs can also inform about the practices of lumber
industries over time (Boucher et al., 2009). They can help
interpret how anthropic activities modified the composition and
structure of forest ecosystem in the past (Jacod-Rousseau and Gob,
2020). For example, in the province of Quebec (eastern Canada)
selective logging occurred during the 19™ and 20" century, which is
reflected in the subfossil log-driven logs (Boucher et al., 2009). This
is expected to be one of the main reasons why eastern white pines
(Pinus strobus Linnaeus) and red pines (Pinus resinosa Ait)
abundance significantly decreased in the forests during the 19
century (Marchand, 2013; Danneyrolles et al., 2016). Sarting in the
20t century, the transition from old conifer-dominated forests to
young deciduous forests (Danneyrolles et al.,, 2019; Danneyrolles
et al,, 2021) is thought to be related to the end of selective logging
and the extensive logging of numerous other conifer species such as
spruce and fir (Barrette and Belanger, 2007; Boucher et al., 2014).

4.5 Study of large wood dynamics in rivers

Forests and rivers are intimately connected, and the wood
regime in rivers significantly influences river morphology (Wohl
etal., 2019; Grosbois et al., 2023). Because log driving left persistent
changes in river morphology (Jacod-Rousseau, 2022), efforts to
restore rivers and their natural wood regimes gained interest in
recent years (Wohl et al,, 2019). Log-driven logs have great potential
to inform about large wood debris dynamics in rivers. Indeed, the
location of the logs can help identify sites more suitable for wood
accumulation and their characteristics, and target the size (diameter
and length) and species of logs that preferentially accumulate in
rivers (Riuz-Villanueva et al., 2016). The level of decay of the logs
and the dating of their last growth ring by dendrochronology can
help inform about the residence time in the river (Riuz-Villanueva
et al,, 2016). Furthermore, the volume and biomass of log-driven
logs that remain in the waterways of the boreal forests have not yet
been determined. These information are crucial to restore the
natural wood dynamics in rivers worldwide and to preserve
aquatic and riparian habitats (Wohl et al., 2019).

5 Conclusion

Log driving played a major role in early forestry practices in
many countries; however, the historical record of log driving
remains poorly known. We note that log driving has been used
on most continents at some point in history, and simultaneously in
numerous countries during the 19™ and 20" centuries. However,
there exist a large bias favoring North America and Eurasia in the
available literature. Also, historical documents were difficult to
access, and their exploration can be limited by a language barrier
and state of conservation, leaving a knowledge gap that can limit
our understanding of this practice and its broader implications
around the world.

Although intensive logging has had major negative impacts on
forest landscapes, the logs that sank to lake bottoms during log
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driving also represent an invaluable resource for reconstructing past
disturbances, climate, and the composition of preindustrial forest
ecosystems. In the context of an ever-increasing demand for wood
and global warming, this longer-term knowledge derived from log-
driven wood is essential for improving forest management
approaches in the face of climate change.

Author contributions

Conceptualization: J-PL-F and MMG. Writing—original draft:
J-PL-F. Writing—review and editing: J-PL-F and MMG. Both authors
contributed to the article and approved the submitted version.

Funding

This research was funded by the Natural Sciences and
Engineering Research Council of Canada (NSERC) discovery
grant to reconstruct the regime of natural disturbances in forest
ecosystems (RGPIN-2022-05423) obtained by MG. J-PL-F was
supported by the excellence scholarship programs from Vanier
Canada Graduate Scholarships (CGV-180844) and the Fonds de
Recherches du Québec - Nature et Technologies.

References

Aakala, T., Remy, C. C,, Arseneault, D., Morin, H., Girardin, M. P., Gennaretti, F,,
Navarro, L., et al. (2023). “Millenial-scale disturbance history of the boreal zone,” in
Boreal Forests in the Face of Climate Change. Advances in Global Change Research, vol.
74. (Cham: Springer), 53-87.

Achim, A., Moreau, G., Coops, N. C., Axelson, J. N., Barrette, J., Bédard, S., et al.
(2022). The changing culture of silviculture. Forestry 95, 143-152. doi: 10.1093/
forestry/cpab047

Adams, K. A. (1971). Blue water rafting. For. History Newslett. 15 (2), 16-27.
doi: 10.2307/4004334

Agnoletti, M. (1995). From the Dolomites to Venice: rafts and river driving along the
Piave river in Italy (13th to 20th centuries). J. Soc. Ind. Archeol 21 (1), 15-32. Available
at: http://www.jstor.org/stable/40968294.

Aird, P. L. (2016). Logging and rafting square timber in Ontario and Québec for
shipment to Great Britain circa 1870 to 1908. Forestry Chronicle 92 (4), 394-400.
doi: 10.5558/tfc2016-072

Alvarez, C,, Begin, C., Savard, M. M., Dinis, L., Marion, J., Smirnoff, A., et al. (2018).
Relevance of using whole-ring stable isotopes of black spruce trees in the perspective of
climate reconstruction. Dendrochronologia 50, 64-69. doi: 10.1016/j.dendro.2018.05.004

Arseneault, D., Erni, S., Heon, J., and Beégin, Y. (2021). “Chapitre 7: Le climat et les
trés grands feux a la Baie de James,” in Utilisation des archives naturelles pour la
reconstitution du passé hydro-climatique dans le Nord Quebecois—Synthése du projet
ARCHIVES, vol. 211. (Ottawa, Canada: Commission geologique du Canada, Dossier
public 8768), 71-77.

Avakyan, A. B. (1967). Value of transforming the regine of rivers by reservoirs for log
rafting. Gidrotekhnicheskoe Stroitel’stvo 7, 14-17. doi: 10.1007/BF02381740

Barrette, M., and Bélanger, L. (2007). Reconstitution historique du paysage
preindustriel de la région ecologique des hautes collines du Bas-Saint-Maurice. Can.
J. For. Res. 37, 1147-1160. doi: 10.1139/X06-306

Barros, A. C,, and Uhl, C. (1995). Logging along the Amazon River and estuary:
patterns, problems and potential. For. Ecol. Manage. 77, 87-105. doi: 10.1016/0378-
1127(95)03574-T

Beldean, E., and Timar, M. C. (2021). A new opportunity for research in ROmania -
subfossil wood. Bull. Transilvania Univ. Brasov Ser. II: Forestry Wood Industry Agric.
Food Eng. 14 (63), 77-88. doi: 10.31926/BUT.FWIAFE.2021.14.63.1.7

Bjorklund, J. (1984). From the gulf of bothnia to the white sea, scandinavian
economic history review. Scandinavian Economic History Rev. 32 (1), 17-41.
doi: 10.1080/03585522.1984.10408021

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1232543

Acknowledgments

The authors are thankful to the Mauricie National Park team
compilating information about the log drive history, to Ameélie
Bergeron and Nathalie Lasselin for some of the pictures and to
Murray Hay for linguistic revision.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Boucher, Y., Arseneault, D., and Sirois, L. (2009). Logging history, (1820-2000) of a
heavily exploited southern boreal forest landscape: insights from sunken logs and
forestry maps. For. Ecol. Manage. 258 (7), 1359-1368. doi: 10.1016/j.foreco.2009.06.037

Boucher, Y., Grondin, P., and Auger, I. (2014). Land use history (1840-2005) and
physiography as determinants of southern boreal forests. Landscape Ecol. 29, 437-450.
doi: 10.1007/s10980-013-9974-x

Boulanger, Y., Arseneault, D., Morin, H., Jardon, Y., Bertrand, P., Dagneau, C,, et al.
(2012). Dendrochronological reconstruction of spruce budworm (Choristoneura
fumiferana) outbreaks in southern Quebec for the last 400 years. Can. J. For. Res. 42
(7), 1264-1276. doi: 10.1139/X2012-069

Bouriaud, O., Leban, J. M., Bert, D., and Deleuze, C. (2005). Intra-annual variations
in climate influence growth and wood density of Norway spruce. Tree Physiol. 25 (6),
651-660. doi: 10.1093/treephys/25.6.651

Biintgen, U., Allen, K., Anchukaitis, K. J., Arseneault, D., Boucher, E., Brauning, A.,
et al. (2021). “The influence of decision-making in tree ring-based climate
reconstructions,” in Nature Communications, vol. 12. (US: Springer), 3411.

Chabot, A., and Darveau, M. (2011). Comparaison de lalteration des hydrosystémes
par le castor et la drave dans les parcs nationaux de la Mauricie et de la Jacques-Cartier
Vol. 33 (Canada: Canards Illimité).

Cox, T. R. (1980). Transition in the woods: log drivers, raftsmen, and emergence of
modern lumbering in Pennsylvania. Pennsylvania Magazine History Biography 104 (3),
345-364. Available at: https://www jstor.org/stable/20091486.

Dabheur, J. (2019). Le flottage du bois sur la vistule au XIXe si¢cle. Cahiers du monde
russe 60 (1), 175-210. doi: 10.4000/monderusse.11129

Danneyrolles, V., Arseneault, D., and Bergeron, Y. (2016). Pre-industrial landscape
composition patterns and post-industrial changes at the temperate-boreal forest interface
in western Quebec, Canada. J. Vegetation Sci. 27, 470-481. doi: 10.1111/jvs.12373

Danneyrolles, V., Dupuis, S., Fortin, G., Leroyer, M., de Rémer, A., Terrail, R, et al.
(2019). Stronger influence of anthropogenic disturbance than climate change on
century-scale compositional changes in northern forests. Nat. Commun. 10, 1265.
doi: 10.1038/s41467-019-09265-z

Danneyrolles, V., Vellend, M., Dupuis, S., Boucher, Y., Laflamme, J., Bergeron, Y.,
et al. (2021). Scale-dependent changes in tree diversity over more than a century in
eastern Canada: Landscape diversification and regional homogenization. J. Ecol. 109,
273-283. doi: 10.1111/1365-2745.13474

De ’Ath, C. (1992). A history of timber exports from Thailand with emphasis on the
1870-1937 period. Natural History Bulletin of the Siam Society 40, 49-66.

frontiersin.org


https://doi.org/10.1093/forestry/cpab047
https://doi.org/10.1093/forestry/cpab047
https://doi.org/10.2307/4004334
http://www.jstor.org/stable/40968294.
https://doi.org/10.5558/tfc2016-072
https://doi.org/10.1016/j.dendro.2018.05.004
https://doi.org/10.1007/BF02381740
https://doi.org/10.1139/X06-306
https://doi.org/10.1016/0378-1127(95)03574-T
https://doi.org/10.1016/0378-1127(95)03574-T
https://doi.org/10.31926/BUT.FWIAFE.2021.14.63.1.7
https://doi.org/10.1080/03585522.1984.10408021
https://doi.org/10.1016/j.foreco.2009.06.037
https://doi.org/10.1007/s10980-013-9974-x
https://doi.org/10.1139/X2012-069
https://doi.org/10.1093/treephys/25.6.651
https://www.jstor.org/stable/20091486
https://doi.org/10.4000/monderusse.11129
https://doi.org/10.1111/jvs.12373
https://doi.org/10.1038/s41467-019-09265-z
https://doi.org/10.1111/1365-2745.13474
https://doi.org/10.3389/fevo.2023.1232543
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Labrecque-Foy and Montoro Girona

Debaly, Z. M., Marchand, P., and Girona, M. M. (2022). Autoregressive models for
time series of random sums of positive variables: Application to tree growth as a
function of climate and insect outbreak. Ecol. Model. 471, 110053. doi: 10.1016/
j.ecolmodel.2022.110053

Delisle-Boulianne, S., Boucher, Y., Bélanger, L., and Briére, M. H. (2011). Les
premiers inventaires forestiers dans la reserve faunique des Laurentides: de
précieuses sources d’information pour établir le portrait des foréts naturelles. Le
Naturaliste Canadien 135 (2), 34-44.

Dominguez-Delmas, M., van Daalen, S., Alejano-Monge, R., and Wazny, T. (2018).
Timber resources, transport and woodworking techniques in post-medieval Andalusia
(Spain): insights from dendroarchaeological research on historic roof structures. J.
Archaeol Sci Elsevier 95, 64-75. doi: 10.1016/j.jas.2018.05.002

Dupuis, S., Arseneault, D., and Sirois, L. (2011). Change from pre-settlement to
present-day forest composition reconstructed from early land survey records in eastern
Queébec, Canada. J. Vegetation Sci. 22, 564-575. doi: 10.1111/j.1654-1103.2011.01282.x

Erni, S., Arseneault, D., Parisien, M. A., and Bégin, Y. (2017). Spatial and temporal
dimensions of fire activity in the fire-prone eastern Canadian taiga. Global Change Biol.
23, 1152-1166. doi: 10.1111/gcb.13461

Gagnon, P., Lemelin, L., and Darveau, M. (2009). Les milieux aquatiques, humides et
riverains de la Forét Montmorency: description et enjeux ecologiques en vue d’un zonage
Vol. 71 (Québec: Canards Illimités Canada).

Gauthier, S., Kuuluvainen, T., MacDonald, E., Shorohova, E., Shvidenko, A., Bélisle,
A. C,, et al. (2023). “Ecosystem management of the boreal forest in the era of global
change,” in Boreal Forests in the Face of Climate Change. Advances in Global Change
Research, vol. 74. (Cham: Springer), 3-49.

Gennaretti, F., Arseneault, D., and Bégin, Y. (2014). Millennial stocks and fluxes of
large woody debris in lakes of the North American taiga. J. Ecol. 102 (2), 367-380.
doi: 10.1111/1365-2745.12198

Grabner, M., Wichter, E., Karanitsch-Ackerl, S., Jeitler, M., and Buchinger, G.
(2021). Log transport in the limestone alps, Austria: where did the timber go? Int. J.
Wood Cult 1, 112-125. doi: 10.1163/27723194-20210004

Grabner, M., Wimmer, R, and Weichenberger, J. (2004). Reconstructing the history
of log-drifting in the Reichraminger Hintergebirge, Austria. Dendrochronologia 21 (3),
131-137. doi: 10.1078/1125.7865.00045

Grosbois, G., Lau, D. C. P., Berggren, M., Montoro Girona, M., Goedkoop, W.,
Messier, C., et al. (2023). “Land and freshwater complex interactions in boreal forests: A
neglected topic in forest management,” in Boreal Forests in the Face of Climate Change:
Sustainable Management (Cham: Springer), 719-745.

Haba, J. P., and Deusa, M. D. C. S. (2001). El transporte fluvial de madera en Espana:
geografia historica. Cuadernos de geografia 69, 127-161.

Hinninen, N. (2009). “Hydropower build-up and the timber floating in northern
Finland after the second world war,” in Energy Research at the University of Oulu.
Proceedings of the EnePro conference, June 3rd 2009. Eds. A. Paukkeri, J. YlaMella and
E. Pongracz (Finland, Oulu: University of Oulu), 94-97.

Hardy, R. (2001). L'exploitation forestiére dans l'histoire du Québec et de la Mauricie.
Histoire Québec 6 (3), 6-7. Available at: https://id.erudit.org/iderudit/11343ac.

Helfield, J. M., Capon, S. J., Nilsson, C. N., Jansson, R., and Palm, D. (2007).
Restoration of rivers used for timber floating: effects on riparian plant diversity. Ecol.
Appl. 17 (3), 840-851.

Hellmann, L., Kirdyanov, A. V., and Biintgen, U. (2016). Effects of boreal timber rafting
on the composition of arctic driftwood. Forests 7 (11), 1-9. doi: 10.3390/7110257

Hof, A. R,, Montoro Girona, M., Fortin, M. J., and Tremblay, J. A. (2021). Using
landscape simulation models to help balance conflicting goals in changing forests.
Front. Ecol. Evol. 9. doi: 10.3389/fevo.2021.795736

Houde, L. (2007). Changements dans la communaute de poissons de la riviére Saint-
Maurice aprés retrait des billes flottees. Québec, Canada: Ministére des Ressources
naturelles et de la Faune, Direction de 'aménagement de la faune de la Mauricie, 34 p.

Jacod-Rousseau, N. (2022). “Evaluer une pression méconnue, le flottage du bois, dans les
cours d’eau européens (XVIIe-XXe siécle), une démarche heuristique pour la
géoarchéologie et I'histoire environnementale de la riviere,” in Ecrire Phistoire
environnementale au XXle siécle. (Rennes: Presse Universitaire de Rennes), 109-126.

Jacod-Rousseau, N., and Gob, F. (2020). “Le flottage du bois et ses conséquences
ecologiques, de 'Antiquité a I'époque contemporaine,” in Chantiers et materiaux de
construction: de ’Antiquite a la Revolution industrielle en Orient et en Occident Lyon,
France: MOM Editions, 175-208.

Krause, C. (1997). The use of dendrochronological material from buildings to get
information about past spruce budworm outbreaks. Can. J. For. Res. 27, 69-75.
doi: 10.1139/x96-168

Kuuluvainen, T., Angelstam, P., Frelich, L., Jogiste, K., Koivula, M., Kubota, Y., et al.
(2021). Natural disturbance-based forest management: moving beyond retention and
continuous-cover forestry. Front. Forests Global Change 4. doi: 10.3389/
ffge.2021.629020

Labrecque-Foy, J. P., Angers-blondin, S., Ropars, P., Simard, M., and Boudreau, S.
(2023). The use of basal area increment to preserve the multi-decadal climatic signal in

shrub growth ring chronologies: A case study of betula glandulosa in a rapidly warming
environment. Atmosphere 14 (2), 319. doi: 10.3390/atmos14020319

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1232543

Labrecque-Foy, J.-P., Morin, H., and Girona, M. M. (2020). Dynamics of territorial
occupation by North American beavers in Canadian boreal forests: A novel
dendroecological approach. Forests 11 (2), 1-12. doi: 10.3390/f11020221

Lemay, M. (2016). Etude de faisabilite sur la récupération du bois submerge au
Quebec. Vol. 83 (Sherbrooke: Université de Sherbrooke).

Lienert, A. (1966). The story of the (Kipawa) Noranda woods division Vol. 98 (CIP).

Marchand, N. (2013). Croissance radiale de la pruche (Tsuga canadensis) et du pin
blanc (Pinus strobus) dans la foret temperée du Québec en relation avec les perturbations
forestieres et le climat. Vol. 178 (Quebec: Universite Laval).

Marchand, N, and Filion, L. (2014). A dendroecological analysis of eastern hemlock
and white pine in relation to logging in la Mauricie National Park (Québec, Canada).
Forestry Chronicle 90 (3), 351-360. doi: 10.5558/tfc2014069

Masson-Delmotte, V., Raffalli-Delerce, G., Danis, P. A, Yiou, P., Stievenard, M.,
Guibal, F,, et al. (2005). Changes in European precipitation seasonality and in drought
frequencies revealed by a four-century-long tree-ring isotopic record from Brittany,
western France. Climate Dynamics 24, 57-69. doi: 10.1007/s00382-004-0458-1

McCarroll, D., and Loader, N. J. (2004). Stable isotopes in tree rings. Quaternary Sci.
Rev. 23, 771-801. doi: 10.1016/j.quascirev.2003.06.017

Montell, L. (1988). The element of danger in stories about log rafting. Appalachian
Heritage 16 (2-3), 75-81. doi: 10.1353/aph.1988.0101

Montoro Girona, M., Aakala, T., Aquilé, N., Bélisle, A. C., Chaste, E., Danneyrolles,
V., Diaz-Yanez, O,, et al. (2023b). “Challenges for the sustainable management of the
boreal forest under climate change,” in Boreal Forests in the Face of Climate Change.
Advances in Global Change Research, vol. 74. (Cham: Springer), 773-837.

Montoro Girona, M., Morin, H., Gauthier, S., and Bergeron, Y. (2023a). Boreal
Forests in the Face of Climate Change. Advances in Global Change Research, vol 74
(Cham: Springer), 837 p.

Montoro Girona, M., Morin, H., Lussier, J. M., and Walsh, D. (2016). Radial growth
response of black spruce stands ten years after experimental shelterwoods and seed-tree
cuttings in boreal forest. Forests 7, 240. doi: 10.3390/£7100240

Montoro Girona, M., Moussaoui, L., Morin, H., Thiffault, N., Leduc, A., Raymond,
P., Bose, A., et al. (2023c). “Innovative silviculture to achieve sustainable forest
management in boreal forests: lessons from two large-scale expeiments,” in Boreal
Forests in the Face of Climate Change. Advances in Global Change Research, vol. 74.
(Cham.: Springer), 417-440.

Montoro Girona, M., Navarro, L., and Morin, H. (2018). A secret hidden in the
sediments: Lepidoptera scales. Front. Ecol. Evol. 6. doi: 10.3389/fevo0.2018.00002

Morin, H., Jardon, Y., and Simard, S. (2010). “Chapitre 14: Détection et
reconstitution des épidémies de la tordeuse de bourgeons de l’épinette
(Choristoneura fumiferana) a I'aide de la dendrochronologie,” in La dendroecologie:
Principes, methodes et applications, vol. 758. (Québec: Presse de I'Université Laval).

Moring, J. R,, Negus, M. T., McCullough, R. D., and Herke, S. W. (1989). Large
concentrations of submerged pulpwood logs as fish attraction structures in a reservoir.
Bull. Mar. Sci. 44 (2), 609-615.

Morris, R. D. (1920). Log driving in France. Ames Forester 6, 43-45.

Naulier, M., Savard, M. M., Bégin, C., Gennaretti, F., Arseneault, D., Marion, J., et al.
(2015). A millennial summer temperature reconstruction for northeastern Canada
using oxygen isotopes in subfossil trees. Climate Past 11 (9), 1153-1164. doi: 10.5194/
cp-11-1153-2015

Navarro, L., Morin, H., Bergeron, Y., and Girona, M. M. (2018). Changes in
spatiotemporal patterns of 20th century spruce budworm outbreaks in eastern
Canadian boreal forests. Front. Plant Sci. 9. doi: 10.3389/fpls.2018.01905

Nilsson, C., Lepori, F., Malmgqvist, B., Térnlund, E., Hjerdt, N., Helfield, J. M., et al.
(2005). Forecasting environmental responses to restoration of rivers used as log
floatways: An interdisciplinary challenge. Ecosystems 8, 779-800. doi: 10.1007/
$10021-005-0030-9

Okon, K. E.,, Udofia, S, Nwanjah, M. O., and Daniel, K. S. (2021). “Waterway
transportation of timber in nwaniba beach, uruan local government area, Akwa Ibom
State,” in Proceedings of the 7th Biennial Conference of the Forests & Forest Products
Society. (Uyo: University of Uyo) 259-265.

Ostlund, L. (1995). Logging the virgin forest northern sweeden in the early-
nineteenth century. For. Conserv. History 39, 160-171. doi: 10.2307/3983957

Pauly, M., Turney, C. S. M., Palmer, J. G., Biintgen, U., Brauer, A., and Helle, G.
(2021). Kauri tree-ring stable isotopes reveal a centennial climate downturn following
the antarctic cold reversal in New Zealand. Geophysical Res. Lett. 48, €2020GL090299.
doi: 10.1029/2020GL090299

Payette, S., Filion, L., and Delwaide, A. (2008). Spatially explicit fire-climate history

of the boreal forest-tundra (Eastern Canada) over the last 2000 years. Philos. Trans. R.
Soc. B: Biol. Sci. 363, 2301-2316. doi: 10.1098/rstb.2007.2201

Pearson, C. L., Wazny, T., Kuniholm, P. I, Boti¢, K., Durman, A., and Seufer, K.
(2014). Potential for a new multimillennial tree-ring chronology from subfossil Balkan
river oaks. Radiocarbon 56 (4), S51-S59. doi: 10.2458/azu_rc.56.18342

Pease, B. C. (1974). Effects of log dumping and rafting on the marine environment
of southeast Alaska, USDA Forest Service Vol. 58 (Seattle, WA: University of
Seattle).

frontiersin.org


https://doi.org/10.1016/j.ecolmodel.2022.110053
https://doi.org/10.1016/j.ecolmodel.2022.110053
https://doi.org/10.1016/j.jas.2018.05.002
https://doi.org/10.1111/j.1654-1103.2011.01282.x
https://doi.org/10.1111/gcb.13461
https://doi.org/10.1111/1365-2745.12198
https://doi.org/10.1163/27723194-20210004
https://doi.org/10.1078/1125.7865.00045
https://id.erudit.org/iderudit/11343ac
https://doi.org/10.3390/f7110257
https://doi.org/10.3389/fevo.2021.795736
https://doi.org/10.1139/x96-168
https://doi.org/10.3389/ffgc.2021.629020
https://doi.org/10.3389/ffgc.2021.629020
https://doi.org/10.3390/atmos14020319
https://doi.org/10.3390/f11020221
https://doi.org/10.5558/tfc2014069
https://doi.org/10.1007/s00382-004-0458-1
https://doi.org/10.1016/j.quascirev.2003.06.017
https://doi.org/10.1353/aph.1988.0101
https://doi.org/10.3390/f7100240
https://doi.org/10.3389/fevo.2018.00002
https://doi.org/10.5194/cp-11-1153-2015
https://doi.org/10.5194/cp-11-1153-2015
https://doi.org/10.3389/fpls.2018.01905
https://doi.org/10.1007/s10021-005-0030-9
https://doi.org/10.1007/s10021-005-0030-9
https://doi.org/10.2307/3983957
https://doi.org/10.1029/2020GL090299
https://doi.org/10.1098/rstb.2007.2201
https://doi.org/10.2458/azu_rc.56.18342
https://doi.org/10.3389/fevo.2023.1232543
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Labrecque-Foy and Montoro Girona

Pilotto, F., Nilsson, C., Polvi, L. E,, and McKie, B. G. (2018). First signs of
macroinvertebrate recovery following enhanced restoration of boreal streams used
for timber floating. Ecol. Appl. 28 (2), 587-597. doi: 10.1002/eap.1672

Pitre, K. (2019). Chronologie des epidemies de la tordeuse des bourgeons de Iepinette au
nord de sa distribution. (Chicoutimi: Université du Québec a Chicoutimi), 1-51.

. Pomerleau, J. (1997). Biicherons, ratmen et draveurs 1850-1960 Vol. 143 (Québec:
Edition J Sainte-Foy).

Pritzkow, C., Heinrich, I, Grudd, H., and Helle, G. (2014). Relationship between
wood anatomy, tree-ring widths and wood density of Pinus sylvestris L. and climate at
high latitudes in northern Sweden. Dendrochronologia 32, 295-302.

Riuz-Villanueva, V., Piégay, H., Marston, R.A., and Stoffel, M. (2016). Recent
advances quantifying the large wood dynamics in river basins: New methods and
remaining challenges. Rev. Geophysics 54, 611-652. doi: 10.1002/2015RG000514

Sangiiesa-Barreda, G., Camarero, J. J., Garcia-Martin, A., Hernandez, R., and De la
Riva, J. (2014). Remote-sensing and tree-ring based characterization of forest
defoliation and growth loss due to the Mediterranean pine processionary moth. For.
Ecol. Manage. 320, 171-181. doi: 10.1016/j.foreco.2014.03.008

Savard, M. M., and Bégin, C. (2021). “Chapitre 2: la dendroisotopie,” in Utilisation
des archives naturelles pour la reconstitution du passe hydro-climatique dans le Nord
Queébecois - Synthése du projet ARCHIVES, Vol. 211 (Ottawa: Commission géologique
du Canada, Dossier public 8768), 39-44.

Schulman, S. A. (1974). Rafting logs on the upper cumberland river. Internal Society
for Landscape, Place & Material Culture 6 (1), 14-24.

Sedell, J. R, Leone, F. N., and Duval, W. S. (1991). “Chapter 9: water transportation
and storage of logs,” in Influences of Forest and Rangeland Management on Salmonid
Fishes and Their Habitats, Vol. 19. (Bethesda, MD: American Fisheries Society Special
Publication), 325-368.

Frontiers in Ecology and Evolution

09

10.3389/fevo.2023.1232543

Simard, S., Morin, H., and Krause, C. (2011). Long-term spruce budworm outbreak
dynamics reconstructed from subfossil trees. J. Quaternary Sci. 26 (7), 734-738.
doi: 10.1002/jqs.1492

Stockdale, C., Flannigan, M., and MacDonald, E. (2016). Is the END (emulation of
natural disturbance) a new beginning? A critical analysis of the use of fire regimes as the
basis of forest ecosystem management with examples from the Canadian western
Cordillera. Environ. Rev. 24, 233-243. doi: 10.1139/er-2016-0002

Swetnam, T. W., Baisan, C. H., Caprio, A. C., Brown, P. M., Touchan, R., Scott
Anderson, R, et al. (2009). Multi-millennial fire history of the giant forest, Sequoia
National Park, California, USA. Fire Ecol. 5 (3), 120-150. doi: 10.4996/
fireecology.0503120

Terauds, A., Brumelis, G., and Nikodemus, O. (2011). Seventy-year changes in tree
species composition and tree ages in state-owned forests in Latvia. Scandinavian J. For.
Res. 26 (5), 446-456. doi: 10.1080/02827581.2011.586647

Terrail, R., Dupuis, S., Danneyrolles, V., Fortin, M. J., Boucher, Y., and Arseneault, D.
(2019). Reorganization of tree assemblages over the last century in the northern
hardwoods of eastern Canada. Appl. Vegetation Sci. 22, 474-483. doi: 10.1111/avsc.12449

Térnlund, E.,, and Ostlund, L. (2002). Floating timber in northern Sweden: The

construction of floatways and transformation of rivers. Environ. History 8 (1), 85-106.
doi: 10.3197/096734002129342611

Tremblay, S. (1991). La Recuperation du Bois Submerge en Sagamie: Potentiels,
Faisabilite et Perspectives d’Ecodeveloppement a I’Echelle Locale (Chicoutimi: Universite
du Québec a Chicoutimi).

White, E. (2001). An Overview of Water Based Log Handling on the North Coast of
British Columbia Vol. 57 (Nelson: Triton Environmental Consultants Ltd).

Wohl, E., Kramer, N., Ruiz-Villanueva, V., Scott, D. N., Comiti, F., Gurnell, A. M.,
et al. (2019). The natural wood regime in rivers. BioScience 69 (4), 259-273.
doi: 10.1093/biosci/biz013

frontiersin.org


https://doi.org/10.1002/eap.1672
https://doi.org/10.1002/2015RG000514
https://doi.org/10.1016/j.foreco.2014.03.008
https://doi.org/10.1002/jqs.1492
https://doi.org/10.1139/er-2016-0002
https://doi.org/10.4996/fireecology.0503120
https://doi.org/10.4996/fireecology.0503120
https://doi.org/10.1080/02827581.2011.586647
https://doi.org/10.1111/avsc.12449
https://doi.org/10.3197/096734002129342611
https://doi.org/10.1093/biosci/biz013
https://doi.org/10.3389/fevo.2023.1232543
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

	The global potential of log-driven trees for reconstructing forest ecosystems dynamics
	1 Introduction
	2 What is log driving?
	3 History of log driving around the world
	3.1 Europe
	3.2 Russia
	3.3 North America
	3.4 South America, Asia, and Africa

	4 The potential of sunken wood in forest ecology
	4.1 Dendrochronology and forest ecology
	4.2 Reconstruction of disturbance regimes
	4.3 Reconstruction of climate fluctuations
	4.4 Reconstruction of preindustrial forest composition and structure
	4.5 Study of large wood dynamics in rivers

	5 Conclusion
	Author contributions
	Funding
	Acknowledgments
	References


