
Abstract

Riverine environments can be very dynamic and complex systems,
particularly because of the interaction between active channel and
riparian land during flood events of different magnitude. In recent
years increasing attention has been paid to large wood (LW), focusing
on its role and impact along riverine systems and fluvial landscapes.
This research aims to analyze the characteristics of LW recruitment as
a consequence of a flood event along a reach of a gravel-bed river. The
study was conducted on a 3 km-long reach located in the middle course
of the Piave River (north-eastern Italian Alps). A 20 m-wide buffer
zone was considered along the floodplains and islands. Every standing
tree in this buffer with diameter ≥0.10 m was measured manually
(diameter breast height; height), whereas shrubs were not consid-
ered. The most common species in the study area are: Populus sp.,
Salix sp., Alnus sp., Carpinus sp., Fraxinus sp., Pinus sylvestris and
Robinia pseudoacacia. An over bankfull flood (Q=1329 m3s–1; recur-
rence interval=6 years) in November 2014 caused erosions along the

floodplain (15,565.5 m2), pioneer islands (25.2 m2) and building
islands (2085.6 m2), recruiting 690 trees. Four of these trees were
recruited from the pioneer islands (0.16 tree m–2), 79 from building
islands (0.04 tree m–2) and 607 from floodplains (0.04 tree m–2).
Accurate dendrometric measurements were used to define the input
volume of LW from the floodplains (86.25 m3), pioneer islands (0.14
m3) and building islands (6.62 m3). The maximum distance traveled by
LW recruited from the floodplain, pioneer and building islands was
8927, 1021 and 3727 m, respectively. Statistical analysis showed no sig-
nificant relationship between the displacement and LW characteristics
considered (diameter, length, volume, density). These results demon-
strate that the recruitment and subsequent transport of LW is a com-
plex mechanism that requires further study. To better characterize
these mechanisms, it appears clear that it is important to consider not
only the LW characteristics but also the connection between LW, mor-
phological settings, and flood event characteristics.

Introduction

Riverine environments are dynamic and complex systems resulting
from the interactions between water, sediment and vegetation. Given
their position as ecotones between rivers and surrounding land
(Naiman et al., 1998; National Research Council, 2002; Nilsson and
Svedmark, 2002), riparian areas can feature a high level of biodiversity
(Francis et al., 2008) and play an important role in enhancing biocom-
plexity within river corridors (Gurnell et al., 2005). They are closely
linked with the active channel (identified as the area flooded during
bankfull events) through the interaction between riparian vegetation
and sediment fluxes, with the transfer of large wood (Lienkeamper
and Swanson, 1987) that enters the channel and is deposited within
the active area (Francis et al., 2008). Large wood (LW) is defined as a
woody element, dead or alive, >10 cm in diameter and/or 1 m in length
(Marcus et al., 2002). It is a typical component of streams and rivers
flowing through forested landscapes (Abbe and Montgomery, 2003),
which plays an important function for geomorphological and ecological
settings (Keller and Swanson, 1979; Bilby, 1981; Bisson et al., 1987).
Large wood may also represent a risk for human structures, particular-
ly during high magnitude flood events that can transport huge
amounts of wood (Mazzorana et al., 2009).
In recent years, several researches have focused on LW

(Lienkaemper and Swanson, 1987; Piégay and Gurnell, 1997; Gurnell
and Petts, 2002; Piégay, 2003; Mao et al., 2008; Seo et al., 2010; Gurnell,
2013; Wohl, 2013; Tonon et al., 2014). More in detail, most studies have
been focused on the characteristics and distribution of LW (Abbe and
Montgomery, 1996; Piégay et al., 1999; Abbe and Montgomery, 2003;
Hassan et al., 2005), its in-channel abundance (Bilby and Likens, 1980;
Gregory et al., 1993; Iroumé et al., 2010; Ravazzolo et al., 2015a) and
mobility (Braudrick et al., 1997; Bocchiola et al., 2002; Daniels, 2006;
MacVicar and Piégay, 2012; Iroumé et al., 2015; Ravazzolo et al.,
2015b). The recruitment of LW from riparian zones has been analyzed
in fewer works because of the complex interaction between the active
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area and riparian vegetation (Downs and Simon, 2001). The recruit-
ment of LW from riparian landforms and its dynamics varies (Golladay
et al., 2007) according to the fluvial system characteristics. Along low-
order mountain streams, the recruitment of LW is mainly connected to
colluvial processes such as landslides and debris flows (Keller and
Swanson, 1979), whereas bank erosion processes were identified as
the main drivers of LW supply in wider rivers (Sedell and Froggatt,
1984; Gurnell et al., 2000; Downs and Simon, 2001; Moulin and Piégay,
2004; Lassettre et al., 2008; Ulloa et al., 2015). Lateral erosion may
occur along both outer banks and island margins (Bertoldi et al., 2013).
Moreover, LW can fall into the active channel after natural mortality
processes that are related to riparian forest characteristics such as age,
density, and health status. The LW input rates typically increase down-
stream (Hooke, 1980) and vary across river networks depending on
erodibility of banks, flow energy, flood frequency and magnitude, and
stand density (Benda and Sias, 2003). An understanding of the dynam-
ics of LW recruitment is also important to better protect and enhance
aquatic habitats (Van der Nat et al., 2003; Gurnell et al., 2005; Pollock
and Beechie, 2014), as well as to forecast LW input during ordinary and
extraordinary events (i.e., floods, landslides, windstorms). During the
last two decades increasing attention has been paid to the mechanisms
of LW recruitment (Palik et al., 1998; Benda et al., 2002, 2003), delivery
rates of LW into rivers (Eaton et al., 2012) and fate of eroded trees

(Bertoldi et al., 2013). The assessment of LW recruitment is based on
direct and indirect techniques. Field measurements have been applied
to estimate the importance of different processes (i.e., mortality, bank
erosion, landslides) on the LW recruitment rates (Benda et al., 2002;
May and Gresswell, 2003), to compare recruitment rates from different
riparian landforms and during different flood conditions (Palik et al.,
1998; Golladay et al., 2007; Surian et al., 2015). The main advances
achieved by indirect techniques regard the development of LW recruit-
ment models that can estimate the input derived from hillslope insta-
bilities (Rigon et al., 2012), predict LW input according to riparian char-
acteristics, channel morphology and bank instability (Downs and
Simon, 2001), and detect the LW supply during windthrow events
(Bahuguna et al., 2010). Nonetheless, knowledge on LW recruitment
needs to be broadened, especially in large rivers where extensive sec-
tions of floodplains may be eroded during flood events, delivering con-
siderable volumes of LW into the active area (Piégay et al., 1999).
This study aims to increase the knowledge concerning LW recruit-

ment rates in a reach of a piedmont gravel bed river, investigating the
effects induced by a low frequency/high magnitude flood event. Field
surveys were conducted before and after a flood event. Based on these
surveys of standing riparian vegetation and banks retreat, this paper
provides details on the rates of LW delivery by bank erosion from differ-
ent morphological units (i.e., floodplains and fluvial islands). In addi-
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Figure 1. Piave River study reach and its location in the Veneto region (North-East Italy).
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tion, the dynamics of recruited trees was investigated in terms of dis-
tance traveled and downstream deposition sites, linking the behavior of
eroded riparian vegetation to river morphology.

Materials and methods

Study site and characteristics
The Piave River basin is located in the North East of Italy and drains

an area of 3899 km2, mainly composed of sedimentary rocks (i.e., lime-
stone, dolomite) (Surian, 1996). In recent years many investigations
have been conducted on the basin (Picco et al., 2012b; Delai et al., 2013;
Rigon et al., 2013). The river flows for 222 km from its source in the
Dolomites (2037 m a.s.l.) to its mouth on the Adriatic Sea coast. The
climate of the whole basin is temperate-humid with mean annual pre-
cipitation of 1350 mm. The most consistent floods typically happen in
spring and autumn as a result of snowmelt and the rainiest period,
respectively.
It is considered to be a highly disturbed river, as it has suffered mul-

tiple human impacts that altered the basin and river channel (Comiti
et al., 2011). Most human activities have been carried out since the
1930s when the flow was regulated by a series of dams built along the
main channel and tributaries, intercepting more than 50% of sediment
(Comiti et al., 2011). Between the 1960s and 1990s, intensive gravel
mining induced important morphological channel responses such as
narrowing and incision that generated a change from braided to wan-
dering morphology (Comiti et al., 2011).
This study was conducted on a 3 km-long reach (Figure 1) located

near the village of Ponte nelle Alpi (Belluno Province). The study reach
has maximum and mean width of about 435 and 267 m, respectively,
and an average slope of 0.0033 m m–1 (Picco et al., 2016). There are
three bank protections along the right bank, whereas the left bank is
confined by a floodplain and terraces. There are no tributaries within
the study reach. The analyzed study site presents a complex pattern of
vegetation (Picco et al., 2012a). The narrowing and incision phase dur-
ing the 20th century (Comiti et al., 2011) has allowed the colonization
of large areas by riparian forests (Picco et al., 2012a). Furthermore, the
widening tendency shown during the last 20 years has led to the cre-
ation of pioneer islands through LW recruitment from bank erosions
(Picco et al., 2012a). In fact, the study reach contains several islands of
different age and size, with a large complex established island in the
middle part (Picco et al., 2014) that is gradually merging with the adja-
cent floodplain. More information on the vegetation characteristics,
floodplain settings and island dimensions can be found in Picco et al.
(2016) and Sitzia et al. (2015).

Hydrological data
The hydrological data used in the study were provided by a gauging

station located 2 km downstream of the study reach. As already stated
by Comiti et al. (2011), the bankfull discharge is equal to 700 m3 s–1.
The last over bankfull flood [recurrence interval (RI)=6 years]
occurred in November 2014, with a peak discharge recorded of 1329 m3

s–1 (Figure 2). During the flood the water discharge remained over the
bankfull level for 1.58 days (38 h).

Large wood recruitment data collection
In order to better analyze LW recruitment, two data sources were

used: field surveys of standing riparian vegetation and bank erosion
measurements. A 20 m-wide buffer zone was considered along the
floodplain and islands, defined on the basis of mean bank erosion
width detected during the period 2006-2014 (unpublished data). In this

buffer, every standing tree (n=3220) with diameter ≥0.10 m was meas-
ured manually (diameter breast height; height). In addition, the
species and GPS position (average accuracy ± 0.40 m) of each tree
were recorded and a numbered tag was attached in order to simplify the
post event recovery. After the first field campaign, the volume of each
standing tree was calculated using the Algan-Monnin formula
(Rondeux, 1993). A wood density value was assigned according to
species.
The floodplain bank and island perimeters were surveyed before and

after the November 2014 flood event. The islands were classified,
according to Picco et al. (2014), as pioneer or building, while the stable
type were not identified in the field. Thus pioneer islands (P), building
islands (B) and floodplain (F) were considered. Bank erosion was eval-
uated using a DGPS device (average accuracy ± 0.025 m). Eroded areas
on the floodplain and islands were defined comparing the pre and post
flood conditions using ArcGIS 10.1 (Environmental Systems Research
Institute - Esri, Inc., Redlands, CA, USA). By means of the numbered
tags, a recovery analysis was conducted walking downstream for 10 km,
checking every LW deposited in the active channel, on the banks and
islands. The GPS position (average accuracy ± 0.025 m) of each recov-
ered tree was recorded. Given the absence of instantaneous measure-
ments of the distance traveled this was defined as the trajectory
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Table 1. Wood density, based on Hellrigl (2006) (only recovered
species are reported).

Species                                          Wood density (g ∙ cm–3)

Alnus sp.                                                                              0.850
Carpinus sp.                                                                       1.000
Fagus sp.                                                                             1.005
Fraxinus sp.                                                                        0.960
Picea abies                                                                         0.860
Pinus sylvestris                                                                  0.880
Populus sp.                                                                         0.840
Robinia                                                                               1.005
Salix sp.                                                                               0.880

Figure 2. Mean hourly discharge on the Piave River as measured
at Belluno gauging station during the over bankfull flood of
November 2014. Dashed line indicates the bankfull discharge
(Qbf=700 m3 s-1, recurrence interval=2 years).
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between the starting standing point and the ending deposition point,
following the middle line of the active channel. 

Statistical analysis
Statistical analyses were performed using the STATISTICA (StatSoft,

Inc., Tulsa, OK, USA) software. A linear regression was applied to test
the relationships between erosion and recruitment rates, using the
erosion surface as independent variable and the volume and number of
recruited trees as dependent variables. An additional linear regression
was implemented to examine possible relationships between some LW
characteristics (diameter, length, volume, density) of recovered trees
as independent variables and the traveled distance as dependent vari-
able. Large Wood density was defined according to the species, and var-
ied between 0.840 and 1.005 g�cm–3 (Hellrigl, 2006) (Table 1). All
regressions were considered statistically significant if P≤0.05.

Results

Riparian vegetation characteristics
A total of 3220 riparian standing trees were surveyed within the 20

m-wide buffer zone along the floodplain and islands. Figure 3 gives the
main dendrological characteristics of the trees recorded along each
morphological unit. Looking at the diameters measured along the three
morphological units (Figure 3A), pioneer islands are characterized by
the lower median diameter (0.11 m), while building islands and flood-
plain area display the same median diameter of about 0.13 m.
Considering tree heights (Figure 3B), it is also clear that in this case
pioneer islands feature the lower values (median of about 4 m), where-
as the median heights on building islands and floodplain reach 8 and 9
m, respectively. Concerning the maximum values recorded, it is worth
noting that the maximum diameter (0.74 m) and height (28 m) corre-
sponds to trees belonging to Populus sp. located on the floodplain. The
species composition of the three morphological units appears rather
different (Table 2). According to what was already reported by Picco et
al. (2016), the pioneer islands mainly have Salix sp. (94.40%), and
Populus sp. (1.40%). The building islands are similar, with Salix sp.
(76.40%), Populus sp. (19.90%), Alnus sp. (2.50%), and Robinia
pseudoacacia (1.20%). The floodplain is characterized by a higher vari-
ability, containing also Carpinus sp. (7.60%), Fraxinus sp. (14.80%) and
Pinus sylvestris (5.60%).
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Figure 3. Diameter (A) and height (B) of tagged standing trees on
the different morphological units (P, pioneer islands; B, building
islands; F, floodplain).

Table 2. Species composition differences on the morphological units. These data refer to the pre-flood condition.

Species                                                                                                          Morphological unit
                                                         Pioneer island                                        Building island                                            Floodplain
                                                   N                                 %                           N                                 %                           N                           %

Populus sp.                                               1                                          1.4                                 32                                         19.9                                160                                 5.4
Salix sp.                                                   68                                        94.4                               123                                        76.4                                842                                28.2
Alnus sp.                                                    -                                             -                                    4                                           2.5                                 362                                12.1
Robinia pseudoacacia                          -                                             -                                    2                                           1.2                                 446                                14.9
Carpinus sp.                                             -                                             -                                     -                                             -                                   226                                 7.6
Fraxinus sp.                                              -                                             -                                     -                                             -                                   443                                14.8
Pinus sylvestris                                        -                                             -                                     -                                             -                                   166                                 5.6
Other species                                         -                                             -                                     -                                             -                                   304                                10.2
Unidentifiable                                         3                                          4.2                                   -                                             -                                    36                                  1.2
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Erosion and large wood recruitment rates
During the over bankfull flood in November 2014, many vegetated

patches were eroded. Figure 4 shows in detail eroded area, number of
recruited trees, and volume of LW input for each area eroded area along
the islands (Figure 4A) and floodplain (Figure 4B). Table 3 summarizes
these values for different morphological units, considering also vegeta-
tion density of the eroded area and characteristics of recruited trees.
Three pioneer islands were eroded during the flood event with an

eroded area that ranged from a minimum of about 3.16 m2 to a maxi-
mum of about 11.95 m2. A total of four trees were recruited, introducing
0.14 m3 of wood into the active channel. Ten building islands were
eroded during the flood event, the eroded area ranged from 11.56 m2 to
953.00 m2, and there was a total input of about 79 trees corresponding
to 6.62 m3. Six floodplain areas were also eroded (Figure 4B). Along two
of these, erosions wider than 20 m were identified, with a maximum
width of about 80 m along the left bank. In this study, the recruitment
of LW was considered only for the data concerning the 20 m-wide buffer
along the 3 km-long study reach. Looking at the six areas eroded along
the floodplain, it is possible to see that each area contributes a differ-
ent volume of LW. For example, two patches (F_1; F_3) of similar exten-
sion (4922.99 m2 and 5128.71 m2) were eroded along the left riverbank

(Figure 4B) but, because of the different tree densities (0.003 and
0.038 N�m–2, respectively), they produced different LW input rates of
about 0.84 m3 and 23.69 m3, respectively. Considering the overall values
of the different morphological units (Table 3), the floodplain is the one
most intensely eroded (15,565.5 m2), whereas pioneer and building
islands have been less intensely eroded (25.2 m2 and 2085.6 m2, respec-
tively). Pioneer islands are characterized by the highest density (0.16
tree m–2), but their erosion generated a very low input of LW (0.14 m3),
because of the small-eroded area (25.2 m2). The greatest erosions
occurred along both building islands and floodplain, resulting in higher
LW inputs of 6.62 m3 and 86.25 m3, respectively. These higher inputs
are also due to the larger mean diameter and height with respect to the
trees of pioneer islands. No direct correlations were found between the
erosion surface and either the number of trees recruited (R2=0.052) or
the input volume of LW (R2=0.037) (Figure 5).

Large wood recovery and travel distance 
During the November flood, 690 trees were recruited, 228 (33.04%)

were recovered within the bankfull width along the 10 km stretch
downstream from the upper eroded area. A wide range of variability in
displacement distance was measured (Table 4). Three trees from pio-
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Table 3. Erosion and recruitment rates for different morphological units.

Morphological unit       Area eroded           Tree recruited        N∙m–2    Mean height    Mean diameter     Total volume  Mean volume 
                                             (m2)                           (N)                                        (m)                     (m)                  (V)(m3)       (V∙N–1)(m3)

Pioneer island                                 25.2                                       4                             0.16                    4.00                             0.11                              0.14                         0.04
Building island                              2085.6                                    79                            0.04                    7.10                             0.13                              6.62                         0.08
Floodplain                                     15,565.5                                 607                           0.04                    8.20                             0.14                             86.25                        0.14

Figure 4. Bank erosion (m2), number of recruited trees (N) and large wood input (m3) for each erosion source, islands (A) and flood-
plain (B). Letters on x-axis indicate the feature code of each area (P, pioneer islands; B, building islands; F, floodplain) in progressive
order downstream.
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neer islands were recovered within a range of 122 m to 1021 m. Instead,
only 27 trees from building islands were found within the surveyed
area with minimum and maximum displacement distances of about 2
m and 3737 m, respectively. The highest distance traveled (8927 m)
was reached by a floodplain tree.
The LW recruited along the pioneer islands did not travel for more

than 1-1.5 km, while the maximum distances were reached by trees
recruited along the floodplain.
Figures 6 and 7 shows the relationship between the traveled dis-

tance and some dendrological and physical characteristics of the
recovered LW: diameter, length, volume and density. No significant
relationships (P≤0.05) were found between these features and the
traveled distance (Table 5). Differently to what was expected, there
are no clear relationships between the dendrological features and LW
displacement. The stronger correlation (R2=0.16), although not sta-
tistically significant (P=0.286), was found between wood density and
mean traveled distance. 
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Figure 5. Relationship between eroded area and recruited large
wood in terms of numerousness of trees and volume.

Figure 6. Relationship between traveled distance and large wood (LW) diameter (A), and LW length (B).

Table 4. Recovery rate and large wood traveled distance for different morphological units.

Morphological unit       Tree recovered      Recovery rate     Minimum traveled            Maximum traveled                        Mean traveled
                                                (N)                        (%)                  distance (m)                      distance (m)                             distance (m)

Pioneer island                                       3                                   75.0                                   122                                                  1021                                                            422
Building island                                     27                                  34.0                                     2                                                    3737                                                            623
Floodplain                                            128                                 32.6                                     1                                                    8927                                                           1052

Table 5. Summary of the regression analysis between mean traveled distance and dendrological characteristics of recovered large wood.

Dependent variable (km)               Independent variable            Equation                           R2                              Statistical significance

Traveled distance                                                           DLW (m)                      y = 1.4793 – 3.2845*x                       0.009                                         Not significant (0.154)
Traveled distance                                                           LLW (m)                      y = 1.6496 – 0.0762*x                       0.014                                         Not significant (0.071)
Traveled distance                                                          VLW (m3)                      y = 1.2024 – 1.4792*x                       0.014                                         Not significant (0.069)
Mean traveled distance                                            ρLW (g cm–3)                    y = 3.162 – 2.540*x                         0.160                                         Not significant (0.286)
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Discussion

The results highlighted that the over bankfull flood of November
2014 caused different erosions along the three morphological units
considered: floodplain, pioneer islands and building islands (Picco et
al., 2014). These morphological units are characterized by different
vegetation density that influenced the number and volume of recruited
trees. The differences are directly connected to their morphological
development that permitted the generation and stabilization of differ-
ent vegetated communities (Sitzia et al., 2015; Picco et al., 2016).
Pioneer islands present the highest tree density (0.16 N�m–2), and
should be the morphological unit that provides the highest recruitment
of trees but, since the erosion is the lowest (25 m2), the effective
recruitment of LW is quite negligible (0.14 m3). In contrast, the flood-
plain and building islands generated a higher input of LW into the
channel thanks to the greater erosion verified along their edges. The
most important of these is the floodplain, which contributed 92.73% of
the total LW volume. Similar results were observed by Piégay et al.
(1999) along a wandering French river (Drôme River), with an input of
LW from the floodplains of about 82% and 62% in two different periods.
Contrary to what has been reported by many authors (Bertoldi et al.,
2009; Comiti et al., 2011; Mikus et al., 2013; Moretto et al., 2014), dur-
ing the not extraordinary November 2014 flood, a considerable volume
of LW was recruited from the short study reach considered here. This is
in agreement with a recent publication in which the authors found that
riparian vegetation can also be considerably eroded during low magni-
tude floods (RI≤2-3 years) (Surian et al., 2015).
During the post flood field survey, 33.04% of recruited trees were

recovered. This value is similar to the results presented by Schenk et
al. (2014) along the Roanoke River. They reported a recovery rate lower
than 40% using RFID tags. Ravazzolo et al. (2015b), again using RFID
tags, had a recovery rate from 42% to 43% along the Tagliamento River.
Despite the attachment of simple metallic tags, our recovery rate is
higher than those presented by MacVicar et al. (2009). They used RFID
to monitor LW displacement along the Ain River, obtaining recovery
rates from 13% to 27%. Therefore, despite the limitations of the type of
metallic tags, the recovery rate obtained is comparable, or even better,

than the proportion of tagged logs recovered using radio markers. This
is probably because radio markers can be affected by prolonged perma-
nence in humid conditions that can compromise their functioning.
The LW displacement distances recorded during the November 2014

flood allow us to better understand some recruitment mechanisms, or
at least give us more information for a better analysis of these phenom-
ena. In fact, the longer travel distance recorded for trees recruited from
the floodplain suggests that the floodplain was probably eroded during
the initial increasing phase. Contrary to what had been expected, the
fluvial islands (both pioneer and building) were probably better able to
resist the flood, maintaining their position in the active channel. This
can be justified by the presence of wood jams upstream of the islands
that protect them from the erosional forces of the flood. Moreover, the
vegetation of these islands (Table 2) is characterized by high flexibility,
particularly due to young ages. This can greatly increase the ability to
survive floods. The shorter displacement of trees recovered along
islands also suggests that they were recruited during the long receding
phase of the flood.
These assumptions on bank erosion and LW recruitment dynamics

confirm those of Bertoldi et al. (2013), who used field measurements,
ground-based images and a LiDAR survey to quantify the input of LW
through bank erosion along the Tagliamento River.
Post event field analysis allowed us to obtain information on the

most suitable deposition area. In agreement with Mao et al. (2012) and
Ravazzolo et al. (2015b), we found that about 96.90% of recruited LW
was deposited along gravel bars, while just a couple of trees (1.31%)
were deposited upstream of building islands. This confirms that fluvial
islands can interact with LW, promoting island development (Gurnell et
al., 2005). Moreover, it can be observed that LW was also deposited on
the riverbanks (1.31%), implying further considerations for budget
computation (Keller and Swanson, 1979; Benda and Sias, 2003).
It is also interesting that a large amount of LW eroded from the F_5

area was deposited nearby after a very short displacement. Around 30%
of the total LW recruited upstream was deposited in this area, and 80%
of the LW recruited from F_5 was immediately deposited on this gravel
bar, forming wood jams. These results are similar to the observations
of Bertoldi et al. (2013) on the braided Tagliamento River, where up to
40% of recruited trees were deposited on the nearest downstream bar.
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Figure 7. Relationship between traveled distance and large wood (LW) volume (A), and LW density (B).
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This deposition process can be related to the behavior of both LW and
sediment transport. In fact, as reported by Pyrce and Ashmore (2003),
sediments delivered into channels during bank erosion processes are
deposited on a nearby bar. This typically happens on the first bar imme-
diately downstream of the eroded area, enhancing the development of
suitable features (i.e., high bars) for the deposition of LW. However, the
type of LW transport can have affected its displacement and deposition.
In this sense, considering the ratio between the volume of LW recruited
(Qlog) and the water discharge (Qw) (Braudrick et al., 1997), it is pos-
sible that the displacement occurred in a congested regime of transport
in which the LW elements moved together and were unable to move
independently of each other. A high degree of interaction among logs
usually results in short transport distances and deposition in wood
jams (Braudrick et al., 1997).
The statistical analysis related to the LW transport did not identify

clear relationships between the traveled distance and main LW charac-
teristics, highlighting that the mobility of LW is probably also governed
by other factors or by their combination. This is also confirmed by other
analyses conducted in this study. In fact, contrary to what was reported
by Welber et al. (2013) and Ruiz-Villanueva et al. (2015), in this case
there are no significant correlations between LW displacement and its
diameter. Instead, the lack of statistical significance in the relationship
between traveled distance and LW length agrees with Ruiz-Villanueva
et al. (2015). In this case, the authors found that in wide multi-thread
reaches the importance of LW length is not so evident as in the single-
thread channel cases. Contrary to what was expected and reported by
Ruiz-Villanueva et al. (2015), the relationship between traveled dis-
tance and wood density was also not statistically significant and the
traveled distance does not seem to be influenced by wood density,
demonstrating once again the complexity of the analyzed process. The
recruitment of standing trees from the banks and their subsequent
transport downstream is a highly complex process because it is not pos-
sible to consider independent factors and characteristics, but there is a
need to analyze their combination. 

Conclusions

Not extraordinary floods can affect vegetated patches contributing to
the input of LW into channels. These flood events can interact differ-
ently with morphological units characterized by differences in vegeta-
tion cover and morphological settings. In riverine systems like the
Piave River, it is possible to observe huge bank erosion processes along
both floodplain and building islands. These morphological units have
mature vegetation cover that produces the input of big trees into the
channels. The subsequent downstream transport of LW appears to be a
very complex process. The results presented here demonstrate that
there are complex and not clear relationships between the controlling
factors typically taken into account when LW recruitment and its trans-
port are considered separately. The evidence that LW transport happens
in congested conditions is a further demonstration of the great com-
plexity of these processes. In fact, the contemporary delivery of a huge
amount of trees into channels can dramatically increase the intricacy
of LW transport dynamics, due to the interaction and contact of canopy,
roots and eroded sediment. It appears clear that there is a need to
increase the analysis of these processes, considering also other aspects
and settings. Further analyses will be performed in order to better
understand the dynamics of recruitment and transport of LW in large
rivers, taking into account other vegetation characteristics (i.e., canopy
dimension, roots size), morphological features (i.e., geometric charac-
teristics, presence of knick points), and hydrological characteristics
(i.e., water stage).
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