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Abstract The controls on large wood (LW; wood >1 m in length and >0.1 m in diameter) and coarse
particulate organic matter (CPOM; organic material >1 mm in diameter) deposition on floodplains have
rarely been assessed, and there are few studies that explore the bidirectional interactions between wood,
standing trees, and geomorphic processes. We use field data from West Creek, Colorado, USA, to assess the
influence of river corridor morphology and forest stand density on the depositional patterns of floodplain
LW and CPOM accumulations (jams) resulting from an extreme flood. Relatively high LW loads per

area (mean + SE = 678.6 + 192.3 m® ha™") point to the importance of extreme floods for LW deposition
on floodplains. We find that LW jams decreased in size with distance from and elevation above the
channel, but that CPOM jams did not, demonstrating that the relatively smaller CPOM can be more easily
transported within a forested floodplain. Steeper reaches contained smaller LW and CPOM loads per area,
which may indicate that reaches with higher stream power during the flood were less depositional. As
forest stand density increased, the number of CPOM jams per area increased, and a majority of jams were
pinned by standing trees. Trees were trapping locations for LW and CPOM, highlighting the importance
of preserving riparian forests. Floodplain LW and CPOM provide habitat and nutrients to floodplain
ecosystems and influence geomorphic processes, creating an opportunity to use LW in restoration while
reducing potential hazards caused by in-channel LW.

Plain Language Summary Downed, dead pieces of large wood, and organic matter influence
physical and ecological processes in rivers and floodplains. Many river restoration efforts add wood into
channels provide habitat for organisms, but wood on floodplains can also create habitat and provide
ecosystem benefits. However, very little is known about how wood and organic matter are deposited on
floodplains. We use field data from the Colorado Front Range to assess patterns of wood and organic
matter deposition on floodplains resulting from an extreme flood, exploring the bidirectional interactions
between wood, standing trees, and physical processes. We find that large wood accumulations decrease in
size with distance from the river channel, but that organic matter accumulations do not, indicating that
organic matter can be more easily moved further into the floodplain during a flood. Steeper portions of the
river and floodplain had lower amounts of wood and organic matter, and trees were important trapping
locations for accumulations during the flood. Our results point to the importance of preserving floodplain
forests and inform the use of floodplain wood and organic matter in river restoration efforts.

1. Introduction

A large body of literature has demonstrated that wood in river corridors (which includes the channel, flood-
plain, and hyporheic zone (Harvey & Gooseff, 2015)) strongly influences geomorphic and ecological pro-
cesses (e.g., Jones et al., 2014; Montgomery et al., 2003). However, processes of wood and organic matter
transport, deposition, and storage on floodplains have received relatively little attention compared to wood
and organic matter in channels (Lininger et al., 2017; Wohl, 2020), limiting our knowledge of floodplain
geomorphic and hydraulic processes. In addition, although there has been substantial work looking at the
interactions between living vegetation and geomorphic processes (e.g., Bywater-Reyes et al., 2017; Corenblit
et al., 2009; Gurnell, 2014; Kui et al., 2014), there are relatively few studies that explore the bidirectional in-
teractions between living vegetation, wood, and hydrogeomorphology (e.g., Bertoldi et al., 2015; Gurnell &
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Petts, 2002). We assess the influence of geomorphic and forest stand characteristics in patterns of floodplain
large wood (LW; >1 m in length and >0.1 m in diameter) and coarse particulate organic matter (CPOM;
material >1 mm in diameter) deposition resulting from an extreme flood in the Colorado Rocky Mountains,
USA.

In addition to informing ecogeomorphic dynamics in river corridors, determining controls on LW and
CPOM deposition in floodplains supports river restoration and management efforts, since floodplain LW
and CPOM support ecological processes and promote physical complexity. For example, buried floodplain
LW accumulations (i.e., jams) can create hard points within floodplains, resisting erosion and promoting
avulsion, and multithread planforms (Collins et al., 2012). Floodplain LW results in complex flow pathways
during overbank flow events and causes spatially heterogeneous floodplain sedimentation and relatively
high sedimentation rates (Jeffries et al., 2003). LW jams deposited in secondary channels promotes channel
abandonment, sediment infilling, and floodplain formation and complexity (Montgomery & Abbe, 2006;
Sear et al., 2010). Floodplain LW and CPOM also provide ecological functions, such as nutrient-rich sites
for seedling establishment (Pettit & Naiman, 2006), habitat for diverse biota (Benke, 2011; Mac Nally
et al., 2001), a large reservoir of organic carbon (Lininger et al., 2017), and enhancement of floodplain soil
nutrients (Zalamea et al., 2007). CPOM within jams can reduce jam porosity by filling in spaces between
LW, increasing the impacts of jams on hydraulics (Livers et al., 2020; Manners et al., 2007).

Floodplain LW loads (volumes per area or total volume) are likely highest in regions with relatively high
primary productivity and relatively low decay rates. High productivity can result in denser forests and larger
trees, increasing the source of LW, and low decay rate result in LW persistence (Lininger et al., 2017; Ricker
et al., 2016; Wohl, 2020). LW and CPOM on floodplains can come from delivery via standing vegetation
(autochthonous to the floodplain) or delivery via fluvial transport or hillslope mass movements (alloch-
thonous to the floodplain) (Wohl, 2020). Floodplain LW loads have been correlated with standing vegeta-
tion type of the surrounding floodplains, emphasizing that in certain environments, much of the downed
LW on floodplains is locally sourced as opposed to transported from upstream (Lininger et al., 2017; Wohl
et al., 2011). Autochthonous delivery of LW via standing vegetation likely produces a pattern of individual
LW pieces dispersed across the floodplain; in contrast, LW concentrated into jams indicates fluvial depo-
sition and allochthonous delivery during flooding, since LW becomes concentrated and rearranged during
transport and trapping. LW can also be incorporated into the floodplain after deposition in active secondary
or side channels, becoming part of the floodplain surface or buried beneath the surface (e.g., Montgomery
& Abbe, 2006; Wohl et al., 2018b).

Only a handful of studies investigate how hydrogeomorphic dynamics influence the amount and spatial
distribution of LW jams deposited on floodplains (Galia et al., 2020; Pettit et al., 2005; Wohl et al., 2018a).
Significant transport and deposition of LW can occur during large flood events (Comiti et al., 2016), but
there has been very little work investigating the influence of flooding on patterns of floodplain LW dep-
osition. In the semiarid mountainous western USA, drainages with high-magnitude disturbances such as
frequent fires and high-magnitude floods tend to have a higher proportion of LW on the floodplain as op-
posed to within the channel, compared to drainages with low-magnitude disturbance (Wohl et al., 2018a).
Large floods can uproot and deposit riparian vegetation in piles on floodplains and in valley bottoms (Pettit
et al., 2005). Extreme flooding events can result in a significant source of wood due to debris flows, hillslope
failures, and erosion of the floodplain and valley bottom (Steeb et al., 2017). Observations of wood in trans-
port during flood events are uncommon, but extreme events can create hyper-congested wood-laden flows
(Ruiz-Villanueva et al., 2016). Floods that transport significant amounts of wood have been shown to create
large jams within channels, upstream of bridges, and on floodplain margins (Comiti et al., 2016; Steeb
et al., 2017), but the dynamics of LW deposition onto floodplains has not been adequately explored.

River corridor geomorphology can also influence the amount and characteristics of LW deposition on flood-
plains. For example, the highest volumes of LW jams occurred in bedrock anastomosing channels on the
Sabine River in South Africa compared to other channel types, due to the presence of trapping mecha-
nisms such as bedrock outcrops and vegetation (Pettit et al., 2005). Wider valley bottoms can result in larger
floodplain LW loads, potentially due to the dissipation of flood waters and subsequent LW deposition in
unconfined portions of the river corridor (Pettit et al., 2005; Wohl et al., 2018a), but wider valley bottoms
could also result in lower floodplain LW volumes if these reaches have dense forest vegetation, potentially
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impeding transport (Galia et al., 2020). Measurements of CPOM jams have rarely been completed on flood-
plains, even though CPOM can be an important source of nutrients and can influences jam porosity (Livers
et al., 2020; Manners et al., 2007).

In addition to hydrogeomorphic characteristics, vegetation also influences LW transport and deposition
on floodplains. Floodplain trees can be an important source of LW during floods (Steeb et al., 2017; Zischg
et al., 2018), and deposition of LW is likely influenced by the size and density of floodplain trees. Trees
can serve as trapping locations on the floodplain and impede LW transport onto the floodplain surface,
resulting in more deposition along the channel-floodplain boundary as opposed to the floodplain interior
(Wohl, 2020). Previous work in the Pacific Northwest, USA found that LW jams incorporated into the flood-
plain provide hard points that resist erosion, promoting the growth of large riparian trees and a continued
source of LW to the river channel (Collins et al., 2012). LW deposited within the river corridor can provide
sites of seedling establishment and plant growth, stabilizing the surface and providing nutrients (Gurnell
& Petts, 2002; Pettit & Naiman, 2006). Previous studies on the interaction between LW and vegetation have
mainly focused on how LW influences subsequent vegetation growth and LW recruitment, but the influence
of vegetation, such as riparian forest stand density, on LW and CPOM deposition onto floodplains has not
been adequately studied.

Wood has been extensively used in river restoration efforts, but focus has mainly been on wood within the
channel (Roni et al., 2015). Floodplain jams are likely more stable than jams in the channel (Lininger &
Scott, 2019; Wohl et al., 2016), reducing hazards associated with the use of LW in restoration efforts. Thus,
floodplain LW and CPOM jams can provide importance ecological benefits without the hazard associated
with in-channel LW jams. However, quantitative data on how LW and CPOM loads vary both laterally
across the floodplain and longitudinally along a river corridor are lacking, limiting knowledge on how to
incorporate floodplain LW and CPOM into restoration efforts. Climate change predictions for the west-
ern USA include increased precipitation intensities or an increase in precipitation as rain when compared
to snow, which could increase flood magnitudes and frequency (Davenport et al., 2020) and increase the
amount of LW and CPOM deposited on floodplains. Understanding the dynamics of LW and CPOM depo-
sition onto floodplains is important for both advancing understanding of LW and CPOM dynamics in river
corridors and for river management and restoration efforts.

1.1. Objectives and Hypotheses

We use field data on floodplain LW and CPOM jams to assess the controls on jam deposition. Our field site is
West Creek, located in the Colorado Front Range (CFR), USA, which experienced a 400-years flood event in
2013 (Yochum & Moore, 2013) and has significant amounts of LW and CPOM deposited on the floodplain.
Because the flood on West Creek was extreme and resulted in widespread LW and CPOM deposition, it pro-
vided the opportunity to assess controls on floodplain LW and CPOM deposition across the entire floodplain
and between reaches with varying geomorphic and forest stand characteristics. Our primary objective is to
investigate the influences of both river corridor geomorphology and floodplain forest stand characteristics
on the load and number (count) of floodplain LW and CPOM jams deposited by the flood.

The influence of river corridor morphology and floodplain forest stand characteristics can be explored
through testing sets of hypotheses (Figure 1). If river corridor geomorphology influences floodplain jam
formation and characteristics, we expect that there will be an inverse relationship between floodplain jam
size and elevation above and distance from the bankfull channel (H1a). The floodplain jams were deposited
during the 2013 flood event, and thus portions of the floodplain at higher elevation and greater distances
relative to the channel likely experienced reduced transport capacity for LW and CPOM. Previous work has
demonstrated that wood mobility is related to the ratio between wood diameter and flow depth (Braudrick
& Grant, 2001; Dixon & Sear, 2014; Wohl & Goode, 2008); as flow depth on the floodplain decreased relative
to wood diameter, we expect that wood mobility decreased and deposition occurred. Consequently, we ex-
pect that floodplain jam size will decrease with increasing elevation and distance from the channel because
fewer pieces remained in transport. We also expect that floodplain LW jam counts and loads are higher in
unconfined portions of the river corridor (H1b). Wider valley bottoms can cause flow attenuation during
floods, dissipating, and temporarily storing flood waters (Lininger & Latrubesse, 2016; Woltemade & Pot-
ter, 1994). During the 2013 flood, confined reaches in the CFR tended to be locations with greater sediment
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LW and CPOM in transport
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Figure 1. Conceptual diagram showing the expected influence of both river corridor geomorphology and floodplain forest stand characteristics on jam counts
and jam loads of LW (large wood) and CPOM (coarse particulate organic matter).

erosion, while unconfined reaches experiences greater sediment deposition (Sholtes et al., 2018). Thus, we
expect that unconfined portions of the river corridor promoted the deposition of jams onto the floodplain as
opposed to continued transport of LW and CPOM downstream.

If floodplain forest stand density and characteristics influence floodplain jam deposition and characteris-
tics, we expect that floodplain jams will be pinned against standing trees (H2a) as opposed to jams forming
at other locations (e.g., bedrock outcrops or without a pinning mechanism). We also expect that there will be
an intermediate floodplain forest stand density that promotes the highest floodplain jam loads and counts
(H2Db). If the floodplain forest is too dense, it would likely impede transport of wood onto the floodplain.
However, if forest density is too low, a lack of trapping mechanisms would result in reduced jam loads and
jam counts. We expect that dense floodplain forest stands will correlate with smaller average jam sizes and a
greater proportion of CPOM jams as opposed to LW jams (H2c). If dense forest stands limit transport of LW
pieces onto the floodplain, jam size may be smaller and more commonly composed of CPOM as opposed
to LW.

2. Study Area and Methods
2.1. Study Area

Our sites are located in the montane region (1,750-2,850 m) of the West Creek drainage basin in the CFR
(Figure 2). The CFR is characterized by a semiarid climate, with temperatures averaging between —10-
0 °C in winter and 10-22.5 °C in summer, depending on elevation (Sibold et al., 2006; Veblen & Donneg-
an, 2005). Annual precipitation ranges from 116 to 825 mm with an average of 389 mm (Colorado Climate
Center of Colorado State University, 2019). Peak stream flows are primarily snowmelt driven and occur in
the spring months. Scattered but intense summer thunderstorms can temporarily increase stream flows
(Sibold et al., 2006). In the montane zone, dominant tree species include ponderosa pine (Pinus pondero-
sa) and Douglas-fir (Pseudotsuga menziesii) (Buechling & Baker, 2004; Veblen & Donnegan, 2005). Basin
lithology is characterized by Silver Plume Granite deposited during Mid-Proterozoic volcanism (Boos &
Boos, 1934; Braddock & Cole, 1990). Glacial till and moraines are present at higher elevations (Braddock &
Cole, 1990; Jones & Quam, 1944).

West Creek has a drainage area of 59 km? and flows into the North Fork of the Big Thompson River, with
the drainages contributing to the Big Thompson and then South Platte Rivers. West Creek is ungaged and
flows through a well-defined valley. The upper portion of the catchment is located within the Rocky Moun-
tain National Park, and the lower portion of the river is located within the Roosevelt National Forest. As
the Cow Creek tributary (drainage area = 25.3 km?) flows into West Creek, the drainage area increases
by ~80% (Figure 1). Historical fires dating back to the 1,300 s have been recorded in the basin (Buechling
& Baker, 2004), but most recently, the Cow Creek Fire burned 1,200 acres upstream of our study area in

LININGER ET AL.

4 of 20



A7
ra\%“1%
ADVANCING EARTH
AND SPACE SCIENCE

Journal of Geophysical Research: Earth Surface 10.1029/2020JF006011

a 105°350"W 105°300"W 105°250"'W
sStudy Area
Denver
Z
5
2 Colorado
o |
<

40’2?'0"N

Cow:Creek+Eire

' | RMNP boundary

@ relatively unconfined

5 O relatively confined
m. -

105°35'0"W

105°3010"W 105°25'0"W

Figure 2. Study area, showing West Creek flowing into the North Fork Big Thompson River and the location of the study reaches (a), and photos of jams

comprised mainly of CPOM (b) or LW (c). Yellow arrows in photos show streamflow direction at each location. The CPOM jam is ~0.5-m high and does not
contain 3 or more pieces of LW (>1 m in length and >0.1 m in diameter), and the LW jam is ~2-m high, showing a person for scale. LW, large wood; CPOM,
coarse particulate organic matter.

2010. In September 2013, an unusual amount of rain (up to 457 mm) fell over the CFR over multiple days,
culminating in a 400-years flood event on West Creek (Yochum & Collins, 2015; Yochum & Moore, 2013).
Peak flood discharge was estimated as 311.49 m® s™" near the outlet of West Creek, using the critical depth
equation and cross sections of the flooded surface based on high water marks, such as bent grass and slack
water deposits (Yochum & Moore, 2013). A 400-years recurrence interval was estimated using a regional
regression equation for peak flow prediction (Capesius & Stephens, 2009; Yochum & Moore, 2013). This
flood deposited large amounts of floodplain LW and CPOM jams on West Creek, providing an opportunity
to characterize floodplain jams in relation to geomorphic and forest stand characteristics. We limited our
fieldwork to the lower portion of the West Creek drainage; upstream of our study area, there is a knickpoint
and the valley becomes very confined and steep, impeding our access to upstream reaches. We noted that
there were LW and CPOM jams deposited from the knickpoint to the outlet of West Creek along with chan-
nel erosion, some local hillslope failures, and sediment deposition from the flood. This indicates that the
2013 flood clearly had enough energy to entrain, transport, and deposit wood throughout the study region.
We suspect that at least some LW was sourced relatively near the sites of deposition due to observations of
floodplain and hillslope erosion from the flood, and we noted LW pieces with connected roots.

2.2. Fieldwork

Prior to data collection in the field in Summer 2019, we used remote data sets to determine measurement
locations. The West Creek valley bottom was delineated using NAIP aerial imagery and a high-resolution
digital elevation model (1 m) created from lidar flown after the 2013 flood. We placed points every 100 m
along the river channel line using GIS software along a 6.2-km length of stream downstream of the knick-
point, resulting in 62 potential points for locating study reaches. We classified each point as being located
within a relatively confined or relatively unconfined valley bottom based on the valley bottom delineation,
and these preliminary classifications were used to create confined (22 points) and unconfined (43 points)
strata from which points were randomly selected for field measurement. In the field, we used these select-
ed points as locations within which ~100-m long reaches were established. We ensured that each reach
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represented relatively consistent confinement within the 100 m reach length; a few reaches were <100 m in
length due to this criterion. We used the preliminary GIS analysis and relative confinement classification to
ensure that we randomly selected locations representative of the variability in valley bottom confinement,
but we determined the extent of the study reaches in the field and measured confinement in the field (not
with the initial confinement categorization). Thus, the initial confinement categorization was not used
when analyzing the data. We have included the distance between each study reach in Table S1.

We completed measurements on eight relatively unconfined reaches and eight relatively confined reaches
(based on our GIS analyses described above), measuring geomorphic characteristics of each reach (reach-lev-
el data) and LW and CPOM loads in all jams within the reaches (n = 193 jams). We did not see evidence of
reworking or burial of floodplain jams since the flood in 2013. Reach-level measurements included average
bankfull width and average valley bottom width on river left, measured with either a laser rangefinder
(TruPulse 360B) or a metric tape along five equally spaced transects perpendicular to the channel. We iden-
tified the current bankfull channel by assessing breaks in slope and vegetation characteristics. Due to high
water conditions, we limited our measurements to river left (RL) and did not include measurements on the
opposite side of the valley (river right). Thus, our average valley bottom width only incorporates the valley
bottom width on RL. We are confident that limiting ourselves to one side of the valley did not bias our re-
sults because our approach to randomizing site selection within strata captured the range of variability in
confinement along RL. We observed that the RL valley bottom did not systematically differ from the valley
bottom on river right in a way that would bias our results. We used the ratio of the average RL valley bottom
width to the average bankfull width as an RL confinement index in further analyses. We also measured the
basal area of live trees in the floodplain forest with a Panama angle gage to calculate forest stand density
(m? ha™) along the five equally spaced transects perpendicular to the channel, stopping the measurements
at the edge of the valley bottom. There were very few standing dead trees in the floodplain. Average slope
of the channel for each reach (m m™") was also measured using the laser rangefinder. We determined the
drainage areas for each of the reaches using the US Geological Survey's StreamStats web application.

We also measured jam-level characteristics for all jams within the study reaches (jam-level data). A set of
rules and definitions were established in the field to simplify jam identification and measurement. First,
two types of jams were defined: CPOM jams and LW jams (Figures 2b and 2c). A LW jam contains three or
more connecting pieces of LW. Many LW jams also contained some CPOM, but the significant proportion of
LW in the jams warranted their classification as LW jams. Thus, LW jams contain some CPOM, but we did
not differentiate between CPOM and LW within the LW jams. Conversely, a CPOM jam is primarily com-
posed of material smaller than LW and <3 LW pieces are present within the jam. Within each study reach,
we measured all LW and CPOM jams larger than a minimum size. Jams were only measured if at least 2
of the 3 dimensions (length, width, or height) were greater than 0.5 m, thereby excluding very small jams.

To measure each jam's volume, three dimensions were defined relative to the stream. Jam length is the
dimension most parallel to streamflow, jam width is the dimension most perpendicular to streamflow, and
jam height is simply the average distance from the ground to the top of jam. These three dimensions approx-
imated a best-fit box around the jam (Livers et al., 2020). LW and CPOM volume in each jam was calculated
by multiplying best-fit box volume by the proportion of filled space (1-porosity) (Livers et al., 2020). Two
researchers independently estimated porosity visually in intervals of 5%, and we averaged the two meas-
urements to determine LW and CPOM jam volumes. We used a percentage diagram for estimating compo-
sition by volume (Compton, 1985) at the beginning of our fieldwork to help with our porosity estimates.
Individual pieces of wood that extended beyond the main portion of the jam (tails) were not included in the
dimension measurements of the jams. Tails were instead “cut off” at the last intersection with another piece
of LW in the jam. If a tail extended to touch a nearby jam, the tail was noted but the jams were recorded sep-
arately. If multiple (>2) tails connected two jams, the jams were recorded as multiple parts of the same jam.
However, if parts of a multipart jam were classified differently as LW or CPOM, those multipart jams were
recorded as separate jams in order to distinguish between primarily LW or CPOM jams. We also measured
the local bankfull channel width associated with each jam, measuring width at the closest channel location
to the jam.

We also assessed whether the jams were pinned against a stable feature, and if so, what the pinning mech-
anism was (e.g., standing tree, valley wall, bedrock outcrop, etc.). For jams pinned by trees, we measured
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the diameter at breast height (DBH; cm) of the trees. If multiple trees pinned a jam, we summed the DBH
of the pinning trees to determine the total blockage (in cm) for the jam. For each jam, we also measured the
distance between the jam center and the bankfull channel edge (distance from channel) and the elevation of
the jam base above the bankfull channel edge (elevation above channel) using the laser rangefinder. We not-
ed whether any LW pieces in the jams had rootwads attached to them, whether the jams had any vegetation
growing on them and the type of vegetation (herbaceous or wood), and the dominant decay class of any LW
pieces within the jam. Decay class categorization followed the classes described in the WooDDAM database
framework (Scott et al., 2019), which is based on Harmon et al. (2011). Decay classes range from 1, which
is very little decay, to 5, which describes rotten wood with a soft texture. See supporting information Text S1
for a full description of decay classes. Finally, we noted whether any LW pieces were charred to determine
whether the LW was sourced from the Cow Creek fire area upstream of our study locations; we only noted
a few LW pieces with charring. Although we cannot definitively conclude that an absence of charred wood
in our study region indicates a lack of wood transport from the upstream fire area to our study reaches, it is
probably that most of the LW in jams was sourced from areas downstream of the fire location.

2.3. Statistical Analyses

We employed nonparametric statistical tests to evaluate correlations between jam-level and reach-level var-
iables to account for the nonnormal distribution of most measured variables. At the jam scale, we used
Spearman correlation tests to determine the significance and magnitude of a monotonic relationship be-
tween jam volume (m?) and the following variables: elevation of the jam above the bankfull channel (m),
distance from the jam to the channel (m), bankfull channel width at the closest channel location to the jam
(m), and the total blockage (sum of the DBHs) of the jam due to trees (cm). A Kruskal-Wallis H test was used
to determine whether there was a significant increase in jam volume with increasing number of tree pins.

At the reach scale, we calculated the following response variables: total jam load (m®), jam load per area
(m® ha™"), jam count (number), and jam count per area (number per ha). Spearman correlation tests were
then used to investigate the magnitude and significance of the relationships between the four response var-
iables and the following reach-level variables: river left (RL) confinement index (the ratio of average valley
bottom width on river left to average bankfull channel width, meaning that lower values indicate more
confined channels; m m™); average slope (m m™"); drainage area (km?), which is a proxy for the upstream
source of water and wood inputs; and basal area (m® ha™"). We also tested whether there was a nonlinear
relationship between the four response variables and basal area using a polynomial regression. Tests were
performed separately by jam type (LW and CPOM). To determine if there were significantly more LW jams
(jam count) or a significantly larger LW jam load (total jam load) compared to CPOM jams, we used a Wil-
coxon test.

The relative influence of river corridor geomorphology versus forest stand characteristics on jams at the
reach scale was tested using all subsets model selection on multiple linear regressions. Regression models
were created for jam count, jam count per area, total jam load, and jam load per area using data sets for both
jam types (LW and CPOM) combined. To control for patterns driven by CPOM versus LW jams, we included
the proportion of CPOM jams as a predictor variable. All morphology and forest covariates that were non-
collinear were included as predictor variables in the full models. We used the variance inflation factor (VIF)
as an indicator for collinearity, removing one variable from the model at a time and reassessing the VIF if
any variables had a VIF of ~4 or above. Cutoffs for VIF values range from 3 to 10, but higher VIF values are
a good indicator of collinearity of predictor variables (Thompson et al., 2017).

Total jam load and load per area full models included drainage area, jam counts, average channel slope, RL
confinement index, basal area, and proportion of CPOM jams in each reach as potential predictor variables.
Average bankfull width was removed due to collinearity. Because both jam types were included in the re-
sponse variables of the models, the proportion of CPOM jams was included as a predictor to account for
variations in jam type in each reach. To meet model assumptions, total jam count and jam count per area re-
sponse variables were square root transformed. Total jam count and jam count per area full models included
drainage area, average jam size, RL confinement index, basal area, and proportion of CPOM jams. Average
bankfull width was removed due to collinearity from these models as well. All subsets model selection was

LININGER ET AL.

7 of 20



Ay
AUV
ADVANCING EARTH
AND SPACE SCIENCE

Journal of Geophysical Research: Earth Surface 10.1029/2020JF006011

performed on each model using the dredge function in the MuMIn R package, which automates model
selection and ranks the models with information criteria (Barton, 2019).

We considered all models with an Akaike information criterion corrected for small sample sizes (AICc; Hur-
vich & Tsai, 1989) within 2 units of the lowest criterion value. We selected the best model as the one within
this range that contained the fewest predictor variables. We ranked the importance of model predictor vari-
ables by summing the Akaike weights (Wagenmakers & Farrell, 2004). All tests and models were evaluated
at a significance level of 0.05 (o = 0.05). We also report and note p-values that are less than a = 0.10 to assess
additional, albeit weaker, patterns, and trends in the data, in part due to recent criticism of arbitrarily select-
ing significance levels (e.g., Krueger & Heck, 2019). We also rely on interpretation of graphical relationships
in addition to statistical tests in order to interpret our results.

3. Results
3.1. General Characteristics of Jams and Reach-Level Data

Average LW and CPOM volumes of individual jams were 9.78 m’ (standard error (SE) = 2.6; medi-
an = 0.93 m?) and 0.43 m? (SE = 0.09; median = 0.23 m?), respectively. At the reach scale, LW loads per
area ranged from 0 to 2,624 m® ha™ (mean + SE = 678.6 + 192.3 m® ha™}; median = 382.1 m® ha™), and
CPOM loads per area ranged from 0 to 80 m* ha™' (mean + SE = 10.7 + 4.8 m® ha™!; median = 5.0 m* ha™),
with a higher average load per area for LW jams compared to CPOM jams (p < 0.001). Overall, LW jam
count per area was higher than CPOM jam count per area for all reaches (p < 0.001), with an average of
70.4 + 0.2 LW jams ha™" and 19.0 # 3.7 CPOM jams ha™'. Most LW in jams had a decay class of 2 (76.8% of
jams) or 3 (16.0% of jams), indicating that the heartwood can still support its own weight despite some wood
decay. This implies that the wood was likely deposited in the 2013 flood. Many jams had plants growing
out of the jam (55.7%), and almost all observed plants were herbaceous, with only one or two jams having
woody seedlings. We identified a rootwad within 47 out of 193 jams (24.3%). The two independent estimates
of jam porosity completed by different field researchers were very similar, with average porosity of all jams
being 0.51 for both observers (Figure S1). However, at low porosities (<20%) and high porosities (>75%), the
two estimates differ more substantially. Geomorphic and forest stand characteristics of the study reaches
are shown in Table 1, with summary statistics for CPOM and LW reach-level and jam-level data in Tables S2
and S3, respectively. Correlations between reach-level and jam-level are included in Data Set S1 and S2 in
supporting information. Although there is a large jump in drainage area downstream of the confluence with
Cow Creek, the average bankfull width, slope, and RL confinement index did not vary systematically with
drainage area (Figure S2), likely due to the limited range of drainage areas of the study reaches.

3.2. Influence of River Corridor Geomorphology on Floodplain Jams

For individual jams, LW jam volumes have a significant inverse correlation with elevation above and dis-
tance from the channel (p < 0.001 and p = —0.3 and —0.35, respectively) (Figures 3a and 3b). Thus, the size
of LW jams decreased as distance from the channel and elevation above the channel increased. However,
there was not a similar significant trend in CPOM jam size with elevation above and distance from the
channel (p = 0.49 and p = 0.71, respectively) (Figures 3a and 3b). LW jam volumes have a significant direct
correlation with bankfull width (p < 0.001 and p = 0.27); essentially, larger LW jams formed where the prox-
imal bankfull width was wider (Figure 3c). A similar relationship between jam volume and bankfull width
did not exist for CPOM jams (p = 0.23 and p = 0.18, Figure 3c).

At the reach level, reaches with less lateral confinement (higher value of ratio of average valley bottom
width to average bankfull width) had higher jam counts of both LW (p = 0.004; p = 0.67) and CPOM jams
(p = 0.001; p = 0.73) and higher total jam loads of both LW (p = 0.01; p = 0.61) and CPOM (p = 0.06;
p = 0.47) (Figure 4). However, when normalized by floodplain area, there was no trend in jam counts per
area or loads per area for either jam type with RL confinement index (Figure 4). Additional significant cor-
relations included an increase in the total jam load (LW: p = 0.02, p = —0.59; CPOM: p < 0.001, p = —0.75)
and an increase in jam count (LW: p = 0.03, p = —0.52; CPOM: p < 0.001, p = —0.75) with decreasing slope
(Figure 5). A similar but weaker relationship existed between jam load normalized for area and slope (LW:
p = 0.09, p = —0.43; CPOM: p = 0.08, p = —0.44). Jam count per area was lower in reaches downstream
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Table 1
Geomorphic and Forest Stand Characteristics of the Study Reaches
Reach Reach length  Drainage area  Average bankfull Slope RL confinement  Basal area
number (m) (km?) width (m) (mm™) index (m*ha™)
28 100 58.0 9.1 0.030 2.98 11.82
30 100 57.8 10.4 0.033 1.61 10.33
32 70 57.7 9.0 0.046 0.84 0.00
34 90 57.6 7.8 0.023 1.56 7.10
42 100 57.0 7.3 0.051 0.51 0.26
49 100 56.7 6.9 0.021 4.71 17.49
50 100 31.3 29.9 0.025 0.90 23.56
52 75 30.0 4.7 0.055 0.33 6.89
54 100 29.8 4.9 0.027 4.47 16.07
57 100 29.0 8.4 0.036 1.42 10.33
65 100 28.7 5.9 0.039 0.78 8.90
66 68 28.5 7.0 0.043 0.38 6.89
69 100 31.1 8.1 0.035 1.52 7.24
73 100 31.0 7.7 0.027 3.51 17.18
76 100 30.8 7.6 0.023 0.67 8.93
78 100 30.0 10.0 0.036 1.13 15.86

of the confluence with Cow Creek, with drainage areas greater than 56 km?, (p = 0.005; p = —0.66), but
there were no other significant relationships between reach-level jam response variables and drainage area
(Figure S3). There is a large jump in drainage area across our sites, due to the entrance of the Cow Creek
tributary along West Creek. The reach-level jam response variables (total jam load, jam load per area, jam
count, and jam count per area) did not have any significant correlations with average bankfull width.

3.3. Influence of Forest Stand Characteristics on Floodplain Jams

A majority of floodplain jams (64% of LW jams and 72% of CPOM jams) were pinned by at least one object.
Most pinned LW jams and all pinned CPOM jams were pinned against trees, but a small percentage (2.7%)
of LW jams were pinned on other objects such as boulders and sandbars. The highest number of pins re-
corded was 14 trees, which occurred at one measured LW jam. Although there was a significant correlation
between jam volume and number of tree pins (p < 0.001 and p = 0.04 for LW and CPOM, respectively),
there was no significant difference in volume between unpinned jams and jams pinned only once by trees
(p = 0.9 for both jams types). This indicates that multiple trees are needed to provide a pinning mechanism
to significantly increase jam volumes (Figure S4). As total blockage, which is the sum of the DBHs of the
pinning trees, increases, jam volume increases for LW jams (p < 0.001; p = 0.50) but not for CPOM jams
(p = 0.16, p = 0.21) (Figure S4).

We did not find a significant nonlinear trend between basal area and total jam load, jam load per area, jam
count, or jam count per area for either jam type (Figure 6). We had expected a nonlinear trend because we
expected that an intermediate floodplain forest stand density promotes the highest floodplain jam loads and
counts, since trees serve as trapping locations but dense stands would impede transport into the floodplain.
Spearman correlations were used to further investigate a monotonic relationship, which would mean that
there is an increasing or decreasing trend that may not necessarily be linear. LW and CPOM jam counts sig-
nificantly increase with increasing basal area (both p < 0.001, Figure 6). CPOM jam count per area was also
found to increase with basal area (p = 0.06), but LW jam count per area did not (p = 0.42). Additionally, the
average size of CPOM jams significantly increases with increasing basal area (p = 0.01), while basal area did
not have a significant effect on LW jam size (p = 0.29) (Figure 6e). The proportion of total jams comprised
of CPOM jams increases with basal area (p = 0.03) (Figure 6f).
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Figure 3. Plots of jam volume (log-transformed) versus distance from channel (a), elevation above bankfull channel (b), and bankfull width at the channel
location closest to the jam (c) based on individual jam data.

3.4. Comparing the Influence of River Corridor Geomorphology and Forest Characteristics on
Floodplain Jams

To assess the relative influence of river corridor geomorphology and forest characteristics on floodplain
jams, we used multiple linear regression models with the four reach-level jam variables as response varia-
bles (total jam load, load per area, jam count, and jam count per area). We used multiple linear regression
models to identify the association between the response variables and individual predictor variables while
accounting for the interplay between predictor variables, as well as to access the relative importance of each
predictor variable. Final models for total load and load per area included reach averaged channel slope as
the only significant predictor variable (Table 2). Total jam load and load per area decrease with increas-
ing channel slope (Figure 5). When summing the Akaike weights for all predictor variables for the total
jam load all subsets models, the relative ranked importance of the variables for the total load model were
slope (sum = 0.86), proportion CPOM jams (sum = 0.25), RL confinement index (sum = 0.19), basal area
(sum = 0.15), and drainage area (sum = 0.12). The relative ranked importance for all predictor variables for
the load per area model were slope (sum = 0.71), basal area (sum = 0.29), drainage area (sum = 0.25), pro-
portion CPOM jams (sum = 0.17), and RL confinement index (sum = 0.16). The final jam count model cho-
sen through AICc included only basal area as a predictor variable; this model had the best fit of all four mod-
els (R* = 0.71). As basal area increases, jam count increases (Figure 6). Using the sum of the Akaike weights
for the all subsets models, the ranked importance for the jam count model were basal area (sum = 1.00),
proportion CPOM jams (sum = 0.55), average jam size (sum = 0.12), drainage area (sum = 0.11), and RL
confinement index (sum = 0.11). The jam count per area final model chosen with AICc includes drainage
area as the only predictor, and the ranked importance of variables using Akaike weights were drainage area
(sum = 0.96), basal area (sum = 0.18), RL confinement index (sum = 0.13), average jam size (sum = 0.13),
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Figure 4. Plots of jam count (a), total jam load (b), jam count per area (c), and jam load per area (d) versus RL confinement index using reach-level data. RL
confinement index is the ratio of the valley bottom width on river left to channel width. Note that plots (b) and (d) have two y axes to better show trends in both
the LW and CPOM loads. RL, river left; LW, large wood; CPOM, coarse particulate organic matter.

and proportion CPOM jams (sum = 0.13). Jam count per area significantly decreases with increasing drain-
age area at West Creek.

4. Discussion

Our results indicate that both river corridor geomorphology and floodplain forest stand characteristics in-
fluence individual jam characteristics and the load and number of floodplain jams, providing support for
some of the hypotheses described in Section 1.

4.1. Geomorphic and Forest Stand Controls on Individual Jam Characteristics

Individual LW jam size decreased with increasing distance from and elevation above the channel, but a
similar trend was not found for CPOM jams (Figure 3). Smaller CPOM was carried and deposited a range
of distances during the 2013 flood, while more LW pieces were deposited closer to the channel. Studies on
wood mobility and transport have found that the relationship between wood piece dimensions and flow
characteristics can influence transport (Braudrick & Grant, 2001). For example, the ratio of flow depth to
wood piece diameter is an important influence on wood mobility (Dixon & Sear, 2014; Iroumé et al., 2018;
Wohl & Goode, 2008). Thus, as flow depth and velocity decreased from the channel onto the floodplain dur-
ing the flood, LW deposition likely occurred and fewer LW pieces were transported into the distal floodplain.
Because CPOM is smaller and more easily transported by slower flows, CPOM jams were deposited in a
range of distances from the channel. The pattern of LW deposited near the channel with CPOM deposited
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Figure 5. Plots of jam count (a), total jam load (b), jam count per area (c), and jam load per area (d) versus slope using reach-level data. Note that plots (b) and
(d) have two y axes to better show trends in both the LW and CPOM loads. LW, large wood; CPOM, coarse particulate organic matter.

both near and far from the channel is somewhat similar to the commonly observed trend in grain sizes
from the channel margin to the distal floodplain, with coarser particles deposited closer to the channel (e.g.,
sands) and finer particles transported further from the channel (e.g., silts and clays) (Gurnell, 2007; He &
Walling, 1998; Pizzuto, 1987). Larger individual LW jams formed where the bankfull width closest to the
jam was wider, but this relationship was not present with CPOM jams (Figure 3c). This relationship may
indicate that wider channel locations resulted in decreased flow velocities and flow depths, promoting LW
deposition nearby on the floodplain, although further exploration is needed.

The majority of floodplain jams, both LW and CPOM, were pinned by trees. This indicates the important
role that valley bottom trees can play in storing LW and CPOM. In addition, when multiple trees pinned a
jam, that jam tended to be larger (Figure S4). Vegetation served as pinning mechanisms for large LW vol-
umes in the Sabie River in South Africa and in sites in New Mexico, USA as well (Pettit et al., 2005; Wohl
et al., 2018a), supporting our findings. Approximately one-fourth of the jams (24.3%) had rootwads in them,
pointing to the high numbers of trees that were likely uprooted during the flood from the valley bottom and
then redeposited.

One interesting observation is that floodplain LW jams measured on West Creek can be four to five times
larger than in-channel wood jams in the CFR. In-channel LW jam volumes in CFR streams with similar
drainage areas (10-175 km?) to West Creek ranged from 0.02 to 49.8 m® (Livers et al., 2020), and the flood-
plain LW jams measured here range in volume from 0.02 to 231.75 m”. Initial observations in the CFR indi-
cate that there are not comparably large in-channel jams created by the flood, since the flood likely caused
in-channel wood transport and may have broken up larger in-channel jams. However, more work is needed
to compare in-channel and floodplain jam characteristics.
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Figure 6. Plots of jam count (a), total jam load (b), jam count per area (c), jam load per area (d), average jam size (e),
and the proportion of CPOM jams (f) versus basal area, using reach-level data. Note that plots (b), (d), and (f) have two
y axes to better show trends in both the LW and CPOM loads. LW, large wood; CPOM, coarse particulate organic matter.

Table 2

Model Summaries of the Four Reach-Level Jam Response Variables

Response variable

Variables included in final model
(p-value) [coefficient 8]

Multiple R for

final model

Top variables ranked with
importance

Total load®
Load per area®
Jam count

Jam count per area

Average slope (0.007) [—351.98]
Average slope (0.041) [—723.48]
Basal area (<0.0001) [1.79]
Drainage area (0.002) [—2.91]

0.41
0.27
0.71
0.49

Slope, proportion CPOM jams
Slope, basal area, drainage area
Basal area, proportion CPOM jams

Drainage area, basal area

*Total load and load per area models were square root transformed to satisfy model assumptions.
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4.2. Geomorphic and Forest Stand Controls on Reach-Scale Jam Loads and Counts

We initially hypothesized that unconfined reaches would have higher jam loads and counts. In the Sabie
River in South Africa, wider “macro-channels,” which are defined as the valley bottom width that includes
the perennial channel and smaller ephemeral channels, contained more LW volume deposited after a flood
compared to more confined reaches (Pettit et al., 2005). Our results suggest that slope plays a more im-
portant role in influencing jam loads compared to confinement. However, the range in RL confinement is
relatively small on West Creek, thus slope may play a more important role within this narrower range of
confinement values. As slope increased, total load, load per area, and jam count decreased (Figure 5 and
Table 2). Slope and confinement tend to be related and are correlated in our study reaches (o = —0.66,
p < 0.05; Data Set S1), with higher slopes in more confined reaches, but our univariate comparisons and
model analyses indicate that slope may be a more important control. Slope is also inversely correlated with
basal area (o = —0.69, p < 0.05; Data Set S1).

Previous work has related the unit stream power (the product of discharge, slope, and the specific weight
of water, divided by channel width) to patterns of deposition and erosion of sediment during flood events,
with higher unit stream power resulting in greater erosion and fluvial change (Cenderelli & Wohl, 2003;
Sholtes et al., 2018). Thus, decreased slope indicates a decrease in the unit stream power that a reach expe-
riences during a flooding event, potentially allowing for greater deposition of LW and CPOM. Unit stream
power gradient, or the change in unit stream power from reach to reach, also influences fluvial change in
river corridors (Sholtes et al., 2018). However, LW has greater buoyancy than sediment transported on the
riverbed and can float in water (Ruiz-Villanueva et al., 2016), complicating the explanation that stream
power influences LW deposition during flooding in the same manner as sediment. Nevertheless, the corre-
lation between LW and CPOM loads and slope point to potential mechanisms such as lower stream power
or decreasing stream power resulting in LW and CPOM deposition. For example, a downstream decrease
in stream power could have resulted in decreased transport capacity or created lateral eddies that deposited
LW and CPOM. In contrast to our finding that decreased slope resulted in higher LW and CPOM loads,
valley bottom LW volumes on the Sabie River were higher in bedrock anastomosing reaches that had higher
reach slopes, but this is likely due to the greater presence of trapping mechanisms such as bedrock outcrops
and vegetation in these reaches (Pettit et al., 2005). On West Creek, reaches with steeper slopes had lower
basal area, indicating that steeper reaches have fewer trapping locations for jams.

Drainage area was significantly associated with LW jam count per area, and was the only variable chosen in
the final model of jam count per area (Figure S3 and Table 2). As drainage area increased, LW jam count per
area decreased. Drainage area did not have a significant correlation with load per area or average jam size
(Data Set S1), and average bankfull width, slope, and RL confinement index did not scale with drainage area
(Figure S2). The relationship between drainage area and jam count per area is difficult to explain, because
we would expect that as jam count per area decreased, load per area or average jam size would also change.
For example, as jam count per area decreases downstream, we would expect that either load per area would
decrease or average jam size would increase. The lack of change in load per area indicates that LW inputs
to each reach did not significantly change from upstream to downstream. Although we did not assess LW
sourced during the flood, field observations indicate that LW likely was recruited from eroded valley bot-
toms and hillslope failures. There is a large increase in drainage area across our reaches due to a tributary
(Cow Creek) joining West Creek, but it may be that we do not have a wide enough range in drainage area
values to discern relationships between drainage area, LW load, and LW jam size, and LW counts.

Our results suggest that CPOM deposition and jam formation occur in locations with denser valley bottom
forests, but the relationship is more complicated for LW jams. CPOM jam count and load normalized by
area (but not LW count and load normalized by area), the proportion of CPOM jams, and the average size
of CPOM jams increased with increasing basal area, demonstrating that trees are important pinning loca-
tions for CPOM jams (Figure 6). The final model for jam count included basal area as a predictor variable,
and basal area had a high relative importance in the load per area full model. Although trees acting as pins
influence LW jam formation, as described above, transport onto and through the floodplain can be impeded
by standing trees. In addition, the spatial patterns and variation in tree locations on the valley bottom likely
can influence LW jam deposition, but these influences probably play a smaller role in CPOM transport and
deposition.
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We hypothesized that an intermediate basal area would result in the highest jam loads and jam counts, but
we did not find this relationship in our data. This could be due to a limited range of basal area measure-
ments within our study reaches (range: 0-23.6 m* ha™*; median = 9.6 m* ha™"). Floodplains on streams with
recent and older high-magnitude disturbances comparable to the West Creek disturbances (e.g., fire, floods)
in New Mexico, USA had lower LW loads, particularly in jams, compared to West Creek, but also lower ba-
sal area values, with medians of 3.6 and 4.0 m* ha™' (Wohl et al., 2018a). Floodplains with low-magnitude
disturbances in Colorado, USA (e.g., snowmelt floods) had higher floodplain LW loads and higher basal
areas (median of 8.5 m* ha™), but most of the floodplain LW was dispersed and was not concentrated into
jams (Wohl et al., 2018a). In northern Montana, USA, floodplain LW jams were only common in abandoned
channels, which the authors link to the high density of trees in the floodplain (Wohl et al., 2018b). These
geographic comparisons indicate that high-magnitude disturbances may be required to form floodplain LW
jams, but also that standing tree density likely plays a role in controlling the form and amount of LW on the
floodplain. However, more work across diverse environments, coupled with physical and numerical mode-
ling of LW transport onto floodplains, is needed to elucidate the competing controls of flood magnitude and
basal area on floodplain LW. Our results highlight the need to better study how the location of individual
trees and the density of trees influences floodplain jam formation and development, as well as the impor-
tance of preserving riparian forests to facilitate trapping of LW and CPOM accumulations.

We present a conceptual model that summarizes our main findings and that can be used as a framework
for future research (Figure 7). LW and CPOM jam volume per area decreases in reaches with steeper
slopes (Figure 7b), likely due to lower stream power during the flood, with lower forest stand density
in reaches with steeper slopes. In reaches with less dense forests, there are fewer CPOM jams per area
and a smaller CPOM jam volume per area due to a reduction in trapping locations for CPOM jams
(Figure 7a). Finally, as distance from the channel and elevation above the channel increase, LW jam
size decreases due to reduced transport capacity of floodplain flows, but there is no difference in CPOM
jam size (Figure 7).

4.3. Comparing West Creek Jam Load to Other Floodplains

Although data on floodplain wood loads are limited for unmodified floodplains, and our study only meas-
ured floodplain LW load within jams, we can compare our results to other studies (Figure 8). These stud-
ies report values of LW load on floodplains, but only some investigate the geomorphic controls on LW
loads. The average floodplain LW load in jams on West Creek is 678.6 m® ha™', which is much larger than
many other published wood loads. For example, floodplains in the central Yukon River Basin contained
on average 42 m® ha™"' of LW, but these data do not include floodplain-channel margin deposits (Lininger
et al., 2017). Average floodplain LW loads in tropical and subtropical floodplains are somewhat lower, with
values ranging from 28 to 50 m? ha™' (Chao et al., 2008; Jaramillo et al., 2003; Wohl et al., 2011). However,
large disturbances such as hurricanes can result in very high volumes of LW and CPOM within channels in
subtropical and tropical environments, although we lack measurements of floodplain loads. For example,
after Hurricanes Irma and Maria in September 2017, in-channel jams comprised of LW and CPOM resulted
in loads of 40-2,224 m® ha™" across 12 reaches in Puerto Rico (Wohl et al., 2019). Floodplains in humid
temperate conifer forests in Montana, USA averaged 470-486 m? ha™! of LW, most of which was dispersed
across the floodplain and was not fluvially transported (Wohl et al., 2018b). Additional values of floodplain
LW loads in the semiarid western USA range from 64 to 198 m?> ha™! (Lininger et al., 2017; Wohl, 2020;
Wohl et al., 2018a). In one study, streams in the semiarid western USA with recent high-magnitude distur-
bance regimes that include fires and floods had average floodplain LW loads from 19 to 149 m® ha™', with
average floodplain LW loads in low-magnitude disturbance regimes that include snowmelt floods ranging
from 44 to 226 m® ha™' (Wohl et al., 2018a). However, the high-magnitude disturbance sites had a higher
proportion of LW in the floodplain as opposed to in the channel compared to the low-magnitude distur-
bance sites, as described above (Wohl et al., 2018a). The only location where measured floodplain LW loads
were higher than the values reported here for West Creek is in northern California, USA, where very large
redwood trees downed in the floodplain result in an average floodplain LW load of 743 m*® ha™" (Busing &
Fujimori, 2005).
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Figure 7. Conceptual model demonstrating the influence of forest density (a) and slope, which indicates reduced stream power during the flood (b) on
floodplain large wood (LW) and CPOM (coarse particulate organic matter) jam depositional patterns. Illustration by Maisie Richards.

The very high LW load on West Creek compared to other locations emphasizes that high-magnitude
disturbances such as fires and subsequent floods in semiarid river corridors can dramatically increase
the amount of LW and CPOM stored on the floodplain. The upstream 2010 fire may have amplified
the impact of the 2013 flood by enhancing runoff (Smith et al., 2011), increasing the transport and
deposition of LW. One limitation of comparing West Creek to other environments is the lack of field
studies measuring floodplain LW and CPOM following high-magnitude disturbance events and the
difficulty in understanding the disturbance histories of previously studied locations. The deposited
LW on West Creek showed relatively little decay (76.8% of jams had a decay class of 2, and 16.0% had
a decay class of 3), and decay rates in the Colorado semiarid mountains are slow compared to other
environments (Kueppers et al., 2004). This indicates that the large amount of organic carbon in LW
may remain an important carbon stock in West Creek over long time periods, although the ability for
LW to remobilize off the floodplain and the flood magnitude required for remobilization have not
been studied.
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Figure 8. Comparison plot showing published average floodplain LW load across different environments, with bars
representing averaged and whiskers showing plus or minus one standard error when available. Darker gray bars
denote studies indicating that a high-magnitude disturbance had recently occurred. Plot shows data from Peru (Chao
et al., 2008), Mexico (Jaramillo et al., 2003), South Carolina (Wohl et al., 2011), New Mexico (Wohl et al., 2018a), New
Mexico (Wohl et al., 2018a), S. Colorado (Wohl et al., 2018a), SW Colorado (Wohl, 2020), SE Australia (Mac Nally

et al., 2001), N. Colorado (Lininger et al., 2017), N. Colorado (this study), Wyoming (Wohl, 2020), Montana (Wohl

et al., 2018b), Oregon (Nakamura & Swanson, 1994), Washington (Scott & Wohl, 2018), N. California (Busing &
Fujimori, 2005), Sweden (Dahlstrom & Nilsson, 2006), and interior Alaska (Lininger et al., 2017). LW, large wood.

5. Conclusions

The bidirectional interactions between LW and CPOM, living vegetation, and geomorphic processes in river
corridors have not been adequately explored, particularly in floodplains. LW has been used for restoration
in river channels to enhance and create habitat for fish and other organisms, but management of floodplain
LW is a new frontier. Because floodplain LW is likely less mobile than in-channel LW, floodplain LW used
in restoration is likely less hazardous than in-channel LW but can provide ecological benefits and increase
geomorphic complexity. In addition, geomorphologists have not adequately investigated the interactions
between CPOM deposition and geomorphic characteristics.

Our main objective was to explore how river corridor morphology and forest stand characteristics influence
the number and load of LW and CPOM jams in floodplains. We found that reaches with lower slopes con-
tained larger loads of CPOM and LW, reaches with denser standing trees had more CPOM volume and jams
per area, and LW jam size decreased with distance and elevation above the channel. Our results point to the
important role of riparian forests in providing trapping locations for LW and CPOM on the floodplain and
can inform river restoration efforts. However, further research is needed to determine the combined influ-
ence of geomorphic characteristics, flood events, and tree density and spatial variations on the formation
and persistence of floodplain jams.

Data Availability Statement

Data are available in Supporting Information file and online at the University of Colorado Boulder Data
Repository, which can be accessed at https://doi.org/10.25810/xgdx-5358.
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