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1 | INTRODUCTION

Katherine B. Lininger

Abstract

Organic matter dynamics (entrainment, transport, deposition) can influence eco-
geomorphic complexity in rivers. However, the depositional controls on downed
large wood (LW) and coarse particulate organic matter (CPOM) on floodplains have
rarely been assessed. We investigate the influence of different disturbance histories,
as well as geomorphology and forest stand density, on the deposition of LW and
CPOM accumulations, or jams, between two adjacent drainages (West Creek, North
Fork Big Thompson) in the semi-arid Colorado Front Range, USA. Both basins
recently experienced an extreme flood, but West Creek experienced a larger flood
peak as well as a recent upstream fire. We also analyse jam fabric (LW piece orienta-
tion) between floodplain and in-channel jam types. We measured LW and CPOM
jams on the North Fork to compute jam frequencies (jams ha—?) and loads (volume
per area; m> ha~%), and we compare these data to a previously published dataset
from West Creek. Average floodplain LW jam frequencies (70.4 jams ha~1) and loads
(678.6 m® ha1) on West Creek were significantly higher than on the North Fork (fre-
quency: 14.8 jams ha—%; load: 94.3 m® ha™2). Average floodplain CPOM jam frequen-
cies (West Creek: 19.0 jams ha—%; North Fork: 15.1 jams ha~%) and loads (West
Creek: 10.70 m® ha~%; North Fork: 9.98 m® ha™!) were not significantly different
between basins. A larger flood peak, likely enhanced by a recent upstream fire and a
more confined valley bottom, resulted in greater deposition of LW jams on West
Creek compared to the North Fork. Geomorphic characteristics, such as valley con-
finement and slope, also influence jam frequencies and loads. Floodplain jam types
oriented parallel to the stream were significantly different than other jam types. This
work will inform river restoration efforts using wood and organic matter and provide
insight on the transport and depositional processes influencing floodplain LW jam

formation.
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critical nutrients to floodplain soils, stimulating riparian growth
(Pettit & Naiman, 2005, 2006). Organic matter on floodplains also pro-

Downed large wood (LW; >1 m in length, >0.1 m in diameter) and
coarse particulate organic matter (CPOM; >1 mm in diameter, smaller
than LW) can enhance ecogeomorphic complexity on floodplains. In
addition to being a large carbon stock in river corridors (Lininger
et al., 2017; Sutfin et al., 2016), organic matter and LW contribute

vides animals, such as rodents, birds, and reptiles, with food sources
and habitat (Fauteux et al., 2012; Harmon et al., 1986; Laven & Mac
Nally, 1998; Pettit & Naiman, 2006; Sperry & Weatherhead, 2010;
Swihart & Slade, 1985). Geomorphically, floodplain LW influences

overbank flows, promoting sedimentation, secondary channel
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formation, and ultimately the establishment of microtopography on
floodplains (Jeffries et al., 2003; Sear et al., 2010). These effects are
likely enhanced when LW pieces are aggregated into jams, as jams on
floodplains may be more stable and persistent over time than individ-
ual LW pieces (Abbe & Montgomery, 1996). CPOM (i.e., twigs, leaves,
small wood pieces, etc.) can influence floodplain geomorphic complex-
ity by accumulating with LW jams, reducing jam porosity and thereby
increasing the stability and impact of jams on channel and floodplain
morphology (Schalko et al., 2018). It is also likely that CPOM influ-
ences the hydraulic roughness of floodplains when concentrated into
jams. A large body of work investigates the dynamics (entrainment,
transport, and deposition) of in-channel LW (Comiti et al., 2016; Ruiz-
Villanueva et al., 2019), as well as the geomorphic impacts of distur-
bances, such as floods and fires (Brogan et al., 2019; Magilligan
et al., 2015; Sholtes et al., 2018), but the influence of disturbance on
LW and CPOM delivery onto floodplains has not been adequately
explored. We compare the influence of different disturbance histories,
as well as geomorphic and forest stand characteristics, on the fluvial
deposition of LW and CPOM jams. We also characterize and compare
floodplain LW jam types.

Fluvially deposited (allochthonous) floodplain jams can form by
LW and CPOM racking up against impediments such as floodplain
trees (Lininger et al., 2021). In addition, floodplain jams have been
observed as forming through congested LW transport (Ruiz-
Villanueva et al., 2019), although the gradual formation of floodplain
LW jams could also potentially occur during uncongested transport.
Greater flood discharges likely increase transport capacity (Comiti
et al, 2016) and the potential for deposition onto floodplains, and
floods that trigger floodplain erosion can recruit additional wood to
the channel for transport (Benda & Sias, 2003; Comiti et al., 2016;
Steeb et al., 2017). Recent fires may also enhance LW recruitment,
transport, and deposition by influencing flood magnitude and the
potential for hillslope failures (Comiti et al., 2016; King et al., 2013;
Moody et al, 2013). Previous work suggests that recent high-
magnitude disturbances can influence spatial distributions of flood-
plain LW (Iskin & Wohl, 2021; Lininger et al., 2021; Wohl, Cadol,
et al., 2018). However, questions remain about the types and magni-
tudes of disturbances required to cause significant LW deposition
onto floodplains. In-channel CPOM dynamics have been well-studied
(Bilby & Likens, 1980; Iroumé et al., 2020; Quinn et al., 2007; Wallace
et al., 1995; Wohl et al.,, 2019), but we lack understanding of CPOM
deposition onto floodplains during disturbances.

Geomorphic and forest stand characteristics also influence flood-
plain LW and CPOM deposition. Limited work suggests that confine-
ment (channel width to valley bottom width) influences floodplain LW
volume per area (i.e., loads) (Galia et al., 2020; Wohl, Cadol,
et al., 2018), though the direction of this relationship varies. In some
locations, more confined reaches resulted in lower floodplain LW
loads (Wohl, Cadol, et al., 2018), and in other locations the opposite
trend was observed (Galia et al., 2020). Increasing drainage area has
been associated with lower LW jam frequencies, and reaches with
lower slopes can have higher LW and CPOM jam loads (Lininger
et al., 2021). The hydrologic regime (perennial vs. intermittent) influ-
ences floodplain LW deposition, where intermittent streams have had
smaller LW loads (Galia et al., 2020). Multithread channels are corre-
lated with greater in-channel LW loads due to lower transport capaci-
ties (Gurnell et al, 2000; Wohl, Scott, et al., 2018; Wyzga

et al., 2017). However, we know of only one study that has investi-
gated how floodplain LW loads vary with channel planform, with no
difference being found between planform types (Wohl, Scott,
et al., 2018). Increased forest stand density has been associated with
increased CPOM jam frequencies and loads (Lininger et al., 2021),
whereas open woodland floodplains may allow for greater LW trans-
port onto floodplains (Lininger et al., 2021; Wohl, Cadol, et al., 2018).

The fluvial deposition of LW onto floodplains may create distinct
jam types, and identifying jam types can inform our understanding of
the mechanics of floodplain LW transport and deposition. In-channel
LW jam types have previously been identified in the Pacific North-
west, USA (Abbe & Montgomery, 1996, 2003), and some studies have
noted the presence of strandline jams along floodplain margins
(Piégay, 1993; Piégay & Gurnell, 1997). However, no comprehensive
jam-type classification exists for floodplain LW jams, and studies
assessing LW piece orientation in jams (jam fabric) are limited.

We investigate the influence of disturbance history and geomor-
phic characteristics on the frequencies and loads of floodplain LW and
CPOM jams in two adjacent drainages in the Colorado Front Range.
The North Fork Big Thompson River (North Fork) and West Creek
experienced an extreme precipitation event and flood in 2013, but
the flood peak was higher on West Creek compared to the North Fork
(Yochum & Moore, 2013), and West Creek also experienced a fire
upstream of the study area in 2010. The differences in disturbance
type and magnitude between these basins offer a rare opportunity to
compare the influence of disturbance histories, and a multi-basin
assessment of the influence of geomorphic characteristics and forest
stand density on floodplain jam frequencies and loads may provide a
more comprehensive understanding of jam deposition. We also
explore LW jam types identified in the field to expand our under-
standing of floodplain jam dynamics.

Much of the LW dynamics research has focused on in-channel
LW, which may pose a threat to communities and infrastructure dur-
ing floods (Ruiz-Villanueva et al., 2016). Conversely, floodplain LW
jams may be more stable and CPOM jams less harmful if mobilized
than in-channel LW. Thus, understanding floodplain LW and CPOM
jam dynamics may likely prove beneficial in the context of stream
management and restoration, since LW and CPOM on floodplains can
provide ecological benefits (e.g., carbon storage, nutrients and habitat)
(Fauteux et al., 2012; Pettit & Naiman, 2006; Sutfin et al., 2016) with
reduced hazard. Investigating jam fabric and jam types may also offer
insight into the transport and depositional processes of jams on flood-
plains, as well as provide concrete examples of jam deposition that
may improve the outputs of numerical models incorporating LW

transport and deposition.

1.1 | Objectives

We frame our analyses around three objectives. First, we seek to
quantity differences in jam frequencies and loads between water-
sheds with varying disturbance histories. Large floods can introduce
substantial inputs of LW into the river corridor (Comiti et al., 2016;
Ruiz-Villanueva et al., 2019). Because West Creek experienced a
larger flood peak magnitude compared to the North Fork in the 2013
flood, we expect that H1: West Creek will have greater floodplain LW
and CPOM jam frequencies and loads than the North Fork.
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Second, we aim to determine the geomorphic controls that influ-
ence jam deposition. There are only a few studies that have investi-
gated the influence of reach-scale geomorphic characteristics on
floodplain jams (Galia et al., 2020; Lininger et al., 2021; Wohl, Cadol,
et al, 2018), and the influence of planform characteristics
(e.g., sinuosity and multithread vs. single-thread channels) on flood-
plain jam deposition has not been adequately explored. In addition,
we assess how geomorphic characteristics (e.g., valley confinement,
slope) may influence jam deposition on floodplains. We hypothesize
that H2a: More confined reaches (with a greater ratio of channel
width to valley bottom width) will be correlated with lower floodplain
jam loads and H2b: Reaches with multithread planforms will have
greater floodplain jam frequencies and loads.

Third and finally, we seek to identify and compare distinct LW
jam types on floodplains to in-channel jam types. We expect that
H3a: Jam fabric (LW piece orientation) will differ by jam type identi-
fied in the field. Strandline jams, as defined above, generally orient
parallel to the stream (Piégay, 1993; Piégay & Gurnell, 1997), and jam
fabric may be influenced by transport characteristics (i.e., trapping
mechanisms, location in channel, transport regime, etc.), as suggested
by lab experiments (Bocchiola et al., 2006; Braudrick et al., 1997).
Floodplain jams incorporating both allochthonous LW and autochtho-
nous LW (not fluvially deposited) in the Congaree National Park
(South Carolina, USA) had no distinct orientations (Wohl et al., 2011),
but we suspect that our identified allochthonous jam types will orient
in distinct directions. We also expect that H3b: Inclination, or the ver-
tical angle relative to a horizontal plane, of LW pieces in jams will dif-
fer by jam type. For example, LW jams within the floodplain margin
and interior may have greater piece inclinations than in-channel LW
jams due to trapping mechanisms on floodplains forcing LW pieces to

adjust during deposition.

2 | STUDY AREA

We conducted fieldwork during summer 2020 in the Colorado Front
Range. The Front Range is characterized by a semi-arid mountain cli-
mate, and all fieldwork was conducted in the upper montane ecosys-
tem (elevation range from ~1750 to 2850 m). Precipitation ranges
from 116 to 825 mm annually (Colorado Climate Center, 2019). Tem-
peratures range between 10 and 22.5°C in summer and —10 and 0°C
in winter (Sibold et al., 2006; Veblen & Donnegan, 2005). The Front
Range experiences a snowmelt season through the spring and early
summer months, and monsoonal summer thunderstorms frequently
occur in the area (Sibold et al., 2006). Many river networks consist of
alternating reaches of confined and unconfined segments (Beechie
et al., 2006; Bellmore & Baxter, 2014; Wohl, Lininger, et al., 2018).
Forest stands are primarily composed of ponderosa pine (Pinus
ponderosa) and Douglas fir (Pseudotsuga menziesii) (Buechling &
Baker, 2004; Veblen & Donnegan, 2005).

We conducted the majority of our fieldwork in the North Fork
drainage (Figure 1), measuring floodplain and in-channel jams and
reach characteristics. On West Creek, we identified jam types and
measured LW jam fabric and in-channel LW jam loads. We also incor-
porated data on floodplain LW and CPOM jam frequencies and loads
on West Creek that was collected in summer 2019 and is fully

described in Lininger et al. (2021). The drainages flow southeast
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through the Rocky Mountain National Park and Arapahoe-Roosevelt

National Forest. The drainage areas at the downstream study reach
for the North Fork and West Creek are 43 and 60 km?, respectively.
The Cow Creek tributary (25.3 km?) flows into West Creek within our
study region, increasing the West Creek drainage area downstream of
the confluence by 80%. Elevation within the reach areas ranges from
2400 to 2800 m (North Fork) and 2270 to 2440 m (West Creek). The
investigated elevation ranges vary slightly between the basins due to
substantial LW removal and stream restoration occurring below
2400 m on the North Fork, but all study reaches are within the mon-
tane zone. West Creek and the North Fork have not been systemati-
cally logged since the early 1900s (Veblen & Donnegan, 2005).

The North Fork watershed is underlain by early Proterozoic bio-
titic schists and metasedimentary rocks, whereas West Creek is domi-
nated by mid-Proterozoic granites. Glacial sediments and features,
such as moraines and rock glaciers, exist in the headwaters of both
basins upstream of our study sites (Braddock & Cole, 1990; Jones &
Quam, 1944). The North Fork follows an inactive fault line, and a
knickpoint exists upstream of our study regions in both rivers.

In 2010, the Cow Creek fire burned 1200 acres within the West
Creek basin upstream of the knickpoint and the study locations
described in Lininger et al. (2021) and used in our study. No other sig-
nificant fires occurred in West Creek during the last 100 years
(Buechling & Baker, 2004). After our field data were collected, a high-
severity fire (Cameron Peak fire) burned portions of our North Fork
study reaches. However, prior to the Cameron Peak fire, the North
Fork watershed had not experienced any major fires in recent decades
(Buechling & Baker, 2004).

In September 2013, an uncharacteristic weather pattern caused
intense precipitation and extensive flooding across the Colorado
Front Range and in the study drainages (Gochis et al., 2015;
Yochum, 2015; Yochum & Moore, 2013). Our visual investigation of
published precipitation maps from the 2013 event suggests that total
precipitation accumulation over both basins ranged between 177.9
and 228.6 mm, and the annual probabilities of exceedance for the
worst-case 24-hour precipitation were visually estimated to be
between 1/200 and 1/500 for the North Fork and 1/500 and 1/1000
for West Creek (Gochis et al., 2015). However, precipitation intensi-
ties were not measured directly within the basins during the event.
These two watersheds are not gauged, but Yochum and Moore (2013)
estimated flood recurrence intervals by measuring cross-sections
determined by high-water marks (bent grass, slackwater deposits) and
using the critical depth method to calculate discharge. The estimated
flood discharge was compared to the 100-year discharge calculated
using regional regression equations of peak flow (Capesius &
Stephens, 2009; Yochum & Moore, 2013) to approximate recurrence
intervals. On West Creek, the estimate of peak discharge just
upstream of Glen Haven was 311.5 m® s~ %, equivalent to four times
the approximated 100-year flood (Yochum & Moore, 2013). On the
North Fork, the estimate of peak discharge upstream of Glen Haven
was 48.1 m® s~1, approximated as a 50- to 100-year flood (Yochum &
Moore, 2013).

Although our data were collected between 2019 and 2020, evi-
dence of the flood is still apparent because the flood was so extreme,
and there were no similar events between 2013 and when the data
were collected. On West Creek, the flood eroded substantial portions

of the floodplain, and in some places exposed bedrock in the channel.
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FIGURE 1 Map of study area depicting (a) watershed locations within the state of Colorado, (b) study reaches (red dots) and recent fires
along West Creek (from Lininger et al., 2021) and the North Fork, (c, d) West Creek before and after the 2013 flood, and (e, f) the North Fork
before and after the 2013 flood. Note that before-and-after photos were not taken in the same locations. Before photo on West Creek taken by
Joe Grim (http://joeandfrede.com/); before photo on the North Fork obtained from https://www:.alltrails.com/trail/us/colorado/north-fork-big-
thompson-river-trail-via-dunraven-trailhead/photos [Color figure can be viewed at wileyonlinelibrary.com]

Channel avulsions occurred and cobble bars formed in old channels
and meanders. Flood scars on trees are present, as well as overbank
sediment deposits. The flood event also initiated a large debris flow in
the burned region of West Creek upstream of our study sites (Coe
et al., 2014), and we noted smaller hillslope failures during fieldwork.
On the North Fork, channel widening and floodplain erosion also
occurred (DeWitt, 2016). Abandoned flood channels and coarse sedi-
ment deposits are apparent on floodplain surfaces. No debris flows
were noted along the North Fork during fieldwork.

Few in-channel LW jams exist in the North Fork and West Creek,
so we measured in-channel LW jam types and fabric on the North
St. Vrain and Cony Creek near Allenspark, CO to compare floodplain
and in-channel jam types of the upper montane elevation range. A full
description of these additional sites is included in Text S1 in the online

Supporting Information.

3 | METHODS

3.1 | Datacollection

On the North Fork, we identified 16 study reaches in which to mea-
sure floodplain jam frequencies and loads using stratified random
sampling (see Text S2 in the online Supporting Information for a full

description). For each reach, we measured the bankfull channel width

(m; refers to the 1- to 2-year flow channel, post-2013 flood) at 25 m
increments along the reach using a laser range finder (TruPulse 360B),
averaging these measurements for each reach. Bankfull width mea-
surements included the sum of all channels in multithread reaches.
We also measured water surface slope (m m™2) using the laser range
finder. We measured total valley bottom width at each 25 m incre-
ment using a metre tape and averaged the results for a reach-
averaged valley bottom width. During the valley bottom width mea-
surements, we measured standing tree basal area (m? ha™%), which
indicates forest stand density, every 10 m along the metre tape per-
pendicular to the channel using a Panama Angle Gauge. Only living
trees in the valley bottom were initially included, but dead trees were
incorporated into later reach measurements. A short analysis of the
impact of including dead standing trees partway through the field sea-
son is included in Text S3 in the online Supporting Information. Basal
area measurements along the transects were averaged to create one
basal area value per reach.

Drainage area (km?) was obtained using the StreamStats website
maintained by the USGS (U.S. Geological Survey, 2016). Sinuosity
(channel length/valley length) was measured in Google Earth using
2019 satellite imagery. Valley bottom area (ha) was calculated by mul-
tiplying the reach-averaged valley width by reach length. If islands
were present in the channel, island area was added to the valley bot-
tom area. Some side-channel widths and island areas were not fully

measured in the field. To account for this, bankfull width and island
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area were estimated via aerial imagery in Google Earth in a few
reaches. We calculated a confinement index for each reach as the
ratio of channel width to valley bottom width.

In addition to geomorphic characteristics and forest stand density,
we measured all LW and CPOM jams on the floodplain (n = 150) and
any in-channel LW jams within the reaches (n = 11). We only included
allochthonous, fluvially deposited jams in our analyses, which we iden-
tified by determining whether a jam showed evidence of transport
(see Text S4 in the online Supporting Information for examples of
identification criteria). All jams were required to be greater than 0.5 m
in at least two dimensions. Jams containing three or more pieces of
LW, with less than 75% CPOM and sediment (visual estimate), were
identified as LW jams (Figure 2). Jams with fewer than three pieces, or
jams comprised of greater than 75% CPOM and sediment, were iden-
tified as CPOM jams. Some jams were part of a multi-jam complex,
connected by one or multiple LW pieces. If jams were connected by
only one LW piece, jams were recorded as distinct jams. If jams were
connected by two or more LW pieces, jams were considered as one
singular jam. If jams were connected by two or more LW pieces but
could be classified differently (i.e., a CPOM jam and a LW jam), these
jams were recorded separately for the purpose of analysing differ-
ences in jam loads and characteristics between LW and CPOM jams.

We measured jam characteristics including the horizontal distance
from and elevation above the edge of the bankfull channel (m); the
most common decay class of LW pieces in the jam (using a scale from
Scott et al., 2019 ranging from 1 = least decay to 5 = most decay; see
Text S5 in the online Supporting Information for a full description of
decay classes); and the number of pins, or objects trapping the jam,
such as trees. Total blockage (cm), or the sum of all pin diameters at
breast height, was calculated using a metre tape. We also measured

I WILEY] ™"

the total volume of LW and CPOM in jams for each reach. The volume
(m?) of each jam was calculated by estimating jam dimensions using a
best-fit box and then visually estimating porosity to determine the
volume of LW or CPOM in jams (Livers et al., 2020). Length (dimen-
sion parallel to the channel), width (dimension perpendicular to the
channel) and height were measured with a measuring tape or laser
range finder. Then, two investigators made estimates of the porosity
within the best-fit box, resulting in a calculation of LW or CPOM jam
volume in the box. The two porosity estimates were averaged to
reduce systematic error in porosity estimations (see Figure S1 for a
comparison of the two estimates). Volumes were summed to get the
total LW and CPOM volume in jams per reach. In addition to flood-
plain jams, we measured in-channel LW jams located within the
reaches to compare proportions of floodplain to channel jam loads.
Like the floodplain LW jam data collection, we measured jam charac-
teristics including jam volume, CPOM percentage and number of pins.
Channel area (ha) was calculated by multiplying the reach-averaged
bankfull width by reach length.

We calculated the following reach-level jam variables with our
field data: LW and CPOM jam frequency (jams ha™2), LW and CPOM
jam loads (m® ha™1), and average LW and CPOM jam size (m®) for each
reach. Floodplain LW and CPOM jam counts and loads were normal-
ized to valley bottom area (excluding the channel area), whereas in-
channel LW jams were normalized to channel area. The proportion of
floodplain to in-channel LW loads in jams was calculated for each
reach.

To compare our data collected on the North Fork to West Creek,
we used a previously published dataset of 16 reaches from West
Creek (Lininger et al., 2021) that contains the same measurements
and variables collected on the North Fork. Floodplain LW and CPOM

FIGURE 2 Examples of floodplain jams: (a, b) LW jams on West Creek, (c) CPOM jam on West Creek, and (d) CPOM jam on the North Fork

[Color figure can be viewed at wileyonlinelibrary.com]
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loads from the West Creek dataset were measured on the floodplain
on one side of the river channel, so we recalculated the confinement
index by measuring the total valley bottom width of each reach on
West Creek using aerial imagery and digital elevation models (DEMs)
in ArcGlIS. One reach on the North Fork also only includes data from
one side of the river channel due to the encroachment of the 2020
Cameron Peak Fire in the region and our inability to access the site.
We similarly determined the reach confinement index using aerial
imagery and DEMs. Because our jam variables (jam frequency and
load) are normalized by floodplain area, we can compare data between
West Creek and the Nork Fork. In addition, in-channel LW jam data
were not reported in Lininger et al. (2021), so we measured in-channel
LW jams in the West Creek reaches as described for the North Fork.
For our third research objective, we measured the orientation of
LW pieces in 35 floodplain LW jams along West Creek and the North
Fork, and 12 in-channel LW jams on the North St. Vrain and Cony
Creek. We measured in-channel jams on the North St. Vrain and Cony
Creek due to the lack of in-channel jams on West Creek and the
North Fork. We identified six different jam types in the field
(Figure 3): floodplain margin strandline jams, located on floodplain
margins and containing many LW pieces that appear to orient parallel
to the channel; floodplain margin transverse jams, located on flood-
plain margins and containing many LW pieces that appear to orient
perpendicular to the channel; floodplain margin irregular jams, located
on floodplain margins and containing no obvious jam orientation;
floodplain interior irregular jams, located within floodplain interiors
with no obvious jam orientation; in-channel transverse jams, in which
many of the LW pieces appeared oriented perpendicular to the chan-
nel; and in-channel irregular jams, in which there was no obvious jam
orientation. Some jams had multiple parts connected by more than
two LW pieces with what appeared to be different orientations
between parts. We separated these jams into distinct parts to better
understand differences in orientation. We measured the azimuth, or
compass bearing, of every accessible LW piece in the jams using a
laser range finder (accuracy: +1°). We also measured the azimuth of
the stream near each jam using Google Earth and 2019 satellite imag-
ery. Inclination, the angle a LW piece is oriented relative to a horizon-

tal plane, was also measured for every LW piece (accuracy: £0.25°),

o * * Tt
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FIGURE 3

lllustration of jam types: (a) floodplain margin
strandline, (b) floodplain margin transverse, (c) floodplain margin
irregular, (d) floodplain interior irregular, (e) in-channel transverse and
(f) in-channel irregular. Blue arrow refers to stream flow [Color figure
can be viewed at wileyonlinelibrary.com]

along with jam characteristics such as jam volume, number of pins,

and the presence of rootwads.

3.2 | Analyses

We conducted analyses of jam frequencies and loads using R (R Core
Team, 2020), analysing LW and CPOM jam variables separately. To
investigate the influence of differing disturbance regimes between
basins on floodplain jam deposition, we compared LW and CPOM jam
frequencies (jams ha~1) and jam loads (m® ha~—?) between basins using
the Wilcoxon rank sum test. To assess the geomorphic and forest
stand controls on floodplain jam deposition, we first conducted uni-
variate analyses. We investigated associations using Spearman rank
correlation tests and Wilcoxon rank sum tests between jam frequen-
cies and jam loads and the following reach-level variables: drainage
area, slope, confinement index, sinuosity, bankfull width, basal area,
whether a reach was multithread or not (Y or N) and river (West
Creek, North Fork). We tested for geomorphic and forest stand differ-
ences between the North Fork and West Creek to characterize the
drainages. We also tested for jam-level differences between the
North Fork and West Creek, including the distance from and elevation
above the channel at which jams were located, the number of pins
trapping a jam, and total blockage per jam. We conducted multiple lin-
ear regressions using the response variables of jam loads and jam fre-
quencies with the reach-level predictor variables listed above.
Predictor variables were tested for multicollinearity using the Spear-
man rank correlation test prior to regression analyses and through the
variance inflation factor (VIF) test (Thompson et al., 2017). If correla-
tions were significant and the Spearman statistic p was greater than
0.8, variables were removed from the model. If VIF values were
greater than approximately 4, variables were also systematically
removed until the VIFs of the remaining variables were below
4. Because the categorical river variable was highly correlated with
various geomorphic variables, including confinement and slope, the
variable was removed from our analyses. The jam frequency response
variables were square-root-transformed, and the load response vari-
ables were log1p-transformed.

We completed model selection using the dredge function from
the MuMlIn package (Barton, 2020). The dredge function uses the full
model (with all variables) to subset variables in different combinations
to determine the rank of best-fit models. Ranks are decided according
to the Akaike information criterion corrected for small sample sizes
(AICc). Akaike weights were also calculated to determine the impor-
tance of predictor variables within the full models (Wagenmakers &
Farrell, 2004). We identified all models within a two-unit range from
the lowest AlCc and from these, the model with the fewest predictor
variables was chosen as the final model. If multiple models had the
fewest number of predictor variables, the final model was then chosen
as the model with the variables that had the highest Akaike weights.
Final models were checked for significant outliers using the Cook’s
distance test. One reach was found to significantly influence both the
CPOM jam frequency and jam load model results. However, we did
not remove the outlier reach due to the limited number of data points
(16 reaches per river). Residuals were also checked for normality and
homoscedasticity. All tests and models were evaluated at a signifi-

cance level of 0.05 (a = 0.05), but significance levels of a = 0.1 are
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also reported to capture additional patterns and trends that are pre-
sent in the data at slightly higher significance levels (Krueger &
Heck, 2019).

To analyse jam fabric between jam types identified in the field,
each LW piece orientation was normalized to the stream orientation
measured for the jam in question. We then combined all LW piece ori-
entations across all jams within each jam type. For example, all LW
pieces within floodplain margin transverse jams were combined into
one larger distribution for analysis. We used the Oriana circular statis-
tics program (Kovach, 2011) to plot jam type distributions and calcu-
late distribution statistics, such as mean orientation. We plotted data
on rose diagrams and compared each jam type distribution of LW
pieces to a uniform distribution using the Watson U? single-sample
test to indicate preferential alignment. Jam type distributions were
also compared to one another using the two-sample version of the
Watson U? test, with a Bonferroni correction applied for multiple
comparisons (adjusted o = 0.003).

We also calculated the percentage of LW pieces in each jam type
that were oriented relatively parallel and relatively perpendicular to
the stream (Figure S2). LW pieces oriented between O and 45°,
135 and 225°, or 315 and 360° were considered relatively parallel,
while LW pieces oriented between 45 and 135° or 225 and 315°
were considered relatively perpendicular. Other calculations, such as
summary statistics and comparisons of piece inclination by jam type,

were completed in R.

4 | RESULTS
4.1 | Comparison of jam loads and frequencies
between drainage basins

We measured a total of 150 allochthonous jams on the North Fork
floodplain with nearly equal numbers of LW jams (n = 79) and CPOM
jams (n = 71). We found only eight in-channel LW jams on the North
Fork, and only three in-channel LW jams on West Creek across all
reaches. Summary statistics for jam characteristics on the North Fork
are included in Table S1 in the online Supporting Information, and cor-
relations between reach-level and jam-level variables are included in
Tables S2-S4 and in Figure S3. For an in-depth description of flood-
plain jam characteristics on West Creek, see Lininger et al. (2021).

The geomorphic characteristics and forest stand density differ
between the two basins (Table 1). On the North Fork, slope was on
average higher than on West Creek (p = 0.007) and had a wider range
of values (Figure 4). Average slope on the North Fork was 0.07 m m~!
(median = 0.06 m m~Y), while average slope on West Creek was
0.03 m m~! (median = 0.03 m m~Y). Sinuosity was slightly higher on
West Creek (p = 0.001), likely due to the occasional bedrock outcrops
forcing the river's path. Sinuosity averaged 1.20 (median = 1.13) on
West Creek and 1.06 (median = 1.04) on the North Fork, demonstrat-
ing that both streams are relatively straight.

Basal area was also greater on average on the North Fork
(b = 0.017), though West Creek exhibited a wide range of values.
Mean basal area on the North Fork was 15.01m? ha™?
(median = 14.43 m? ha™?%) and 10.55 m? ha=?!
(median = 9.63 m? ha™) on West Creek. Despite the North Fork hav-

ing many complex multithread channel reaches (n = 10) while West

Creek had none, bankfull width was not significantly different
between the rivers. Confinement index was significantly different at
a = 0.1 between basins (p = 0.068), with the North Fork generally
having wider valley bottoms (mean = 0.28, median = 0.20) relative to
West Creek (mean = 0.40, median = 0.32). Because the bankfull
width was similar between basins, the difference in confinement
between basins is likely driven by the valley bottom width.

Floodplain LW jam frequencies and loads were significantly
higher on West Creek compared to the North Fork (frequency:
p < 0.001, load: p = 0.002; Figure 5). However, CPOM jam frequen-
cies and loads were not significantly different between West Creek
and the North Fork. The proportion of in-channel LW jams compared
to floodplain LW jams was not significantly different between rivers
(Table S5), likely due to the very small number of in-channel jams on
both rivers. The distance at which both LW and CPOM jams were
located from the bankfull channel was significantly higher on West
Creek than on the North Fork (LW: p < 0.001; CPOM: p < 0.001;
Figures 6a and b). The elevation at which LW and CPOM jams were
located above bankfull was also higher on West Creek (LW:
p < 0.001; CPOM: p < 0.001; Figures 6c and d). The number of pins
trapping CPOM jams was significantly higher on the North Fork than
on West Creek (p = 0.013), but not higher for LW jams (Figures 7a
and b). Total blockage per LW jam was significantly higher on West
Creek than on the North Fork (p = 0.043), but CPOM jam total block-
age was not significantly different between basins (Figures 7c and d).
West Creek had, on average, a lower decay class compared to the
North Fork. The majority of LW in jams on West Creek (76.8%) was
decay class 2, whereas most LW in jams on the North Fork (70.7%)
was decay class 3. See Figures S4 and S5 in the online Supporting
Information for additional jam-level results.

When conducting univariate analyses of floodplain jam frequen-
cies and loads and reach-level geomorphic variables and basal area,
significant relationships existed between jam frequency and drainage
area, confinement index, and multithread sections. An increase in
drainage area was associated with a decrease in LW jam frequency
(b = 0.051, p = —0.35; Figure 8). No such association was found for
CPOM jam frequency. In more confined reaches, LW and CPOM jam
frequencies were higher (LW: p = 0.006, p = 0.48; CPOM: p = 0.004,
p = 0.50; Figures 9a and b). Multithread sections were also signifi-
cantly associated with LW jam frequency at a = 0.1 (p = 0.064), with
single-thread channels having higher LW jams per area. CPOM jam
frequency was not significantly correlated with multithread reaches.

Jam loads were significantly correlated with slope, confinement
index, and multithread sections. With an increase in slope, LW jam
loads decreased (p = 0.006, p = —0.48; Figure 10). CPOM jam loads
had no significant correlation with slope. In more confined reaches
(higher confinement index), jam loads were higher (LW: p = 0.039,
p = 0.37; CPOM: p = 0.031, p = 0.38; Figures 9c and d). Multithread
channels had significantly smaller LW jam loads at a = 0.1 than single-
thread channels (p = 0.084), but CPOM jam loads were not signifi-
cantly different between multithread and single-thread reaches.

In our multiple linear regression analyses, all chosen models for
the response variables were significant (p < 0.05; Table 2). The final
model chosen for LW jam frequency included drainage area, confine-
ment index, and the categorical multithread variable as predictor vari-
ables, with an adjusted R? of 0.36. The three variables with the

greatest sums of Akaike weights were drainage area (sum = 0.95),
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TABLE 1 Table of geomorphic variables and basal area by reach for the North Fork and West Creek. Data of West Creek are from Lininger

etal. (2021)
Reach length  Drainage area Sinuosity Bankfull

Reach (m) (km?) (mm™Y) width (m)
WC28 100 58.0 1.39 9.13
WC30 100 57.8 1.05 10.37
WC32 70 57.7 1.21 8.97
WC34 90 57.6 1.08 7.76
WC42 100 57.0 1.06 7.28
WC49 100 56.7 1.18 6.86
WC50 100 31.3 1.10 29.90
WC52 75 30.0 1.16 4.73
WC54 100 29.8 1.15 4.90
WC57 100 29.0 1.92 8.42
WC65 100 28.7 1.07 5.92
WC66 68 28.5 1.26 6.98
WC69 100 31.1 1.09 8.05
WC73 100 31.0 1.31 7.71
WC76 100 30.8 1.09 7.62
WC78 100 30.0 1.05 10.00
Median 311 1.13 7.74
NF2 75 427 1.02 9.63
NF3 75 42.5 1.038 9.25
NF4 75 422 1.15 9.95
NF10 100 417 1.01 6.46
NF11 75 414 1.07 7.05
NF13 98 41.2 1.13 7.94
NF15 100 404 1.06 8.06
NF21 100 39.4 1.15 13.50
NF26 100 36.3 1.14 7.66
NF29 100 35.2 1.06 6.54
NF36 87 29.3 1.03 8.44
NF38 100 29.0 1.01 9.82
NF40 100 28.7 1.01 9.54
NF43 75 28.5 1.03 8.95
NF46 72 244 1.04 13.33
NF52 94 23.9 1.03 9.06
Median 37.8 1.04 9.01

confinement index (sum = 0.80), and multithread (sum = 0.68;

Table Sé). In the CPOM jam frequency final model, confinement index,
basal area, and bankfull width were included and the adjusted R? was
0.38. The sums of Akaike weights for the top three variables were
0.99 for confinement index, 0.90 for basal area, and 0.89 for bankfull
width (Table S6). The final model for LW jam load contained just slope
as a predictor and the adjusted R? was 0.11. The sums of Akaike
weights for the top three variables were 0.73 for slope, 0.37 for drain-
age area, and 0.35 for confinement index (Table S6). The final model
for CPOM jam load included predictor variables confinement index
and basal area, with an adjusted R? of 0.15. The top three variables
with the largest sums of Akaike weights were confinement index
(sum = 0.73), (sum = 0.64), and bankfull width
(sum = 0.46; Table Sé).

basal area

Slope Confinement Basal area
Multithread (mm™?) index (m?ha™?Y)

0.03 0.28 11.82
N 0.03 0.38 10.33
N 0.05 0.32 0.00
N 0.02 0.33 7.10
N 0.05 0.54 0.26
N 0.02 0.16 17.49
N 0.02 1.55 23.56
N 0.05 0.22 6.89
N 0.03 0.11 16.07
N 0.04 0.23 10.33
N 0.04 041 8.90
N 0.04 0.46 6.89
N 0.04 0.33 7.24
N 0.03 0.30 17.18
N 0.02 0.28 8.93
N 0.04 0.46 15.86
- 0.03 0.32 9.63
N 0.04 0.38 19.35
N 0.02 0.20 15.09
N 0.04 0.20 19.30
N 0.05 0.62 11.96
Y 0.08 1.08 10.17
Y 0.03 0.17 13.52
Y 0.03 0.10 12.71
Y 0.03 0.09 7.44
N 0.06 0.06 18.78
N 0.06 0.02 11.32
Y 0.10 0.14 20.55
Y 0.15 0.24 19.24
Y 0.11 0.07 16.30
Y 0.10 0.37 10.60
Y 0.08 0.35 13.77
Y 0.15 0.33 20.01
= 0.06 0.20 14.43

4.2 | Jam fabric analysis

Almost all jam types were significantly different from a uniform distri-
bution (p < 0.05; Table 3, Figure 11), demonstrating preferential align-
ment, but in-channel irregular jams were only significantly different
from a uniform distribution at a = 0.1. When comparing distributions
between jam types, the floodplain margin strandline jam type was sig-
nificantly different from all other jam types, but no other significant
results were found with other jam types when adjusting for multiple
comparisons. The floodplain margin strandline jam type had the
greatest proportion of LW pieces oriented parallel to the stream
(0.62), whereas the greatest proportions of LW pieces oriented per-
pendicular to the stream were found in the floodplain margin trans-

verse (0.69) and in-channel transverse jam (0.66) types. Inclination
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FIGURE 4 Comparison of slope (a),
sinuosity (b), basal area (c), and
confinement index (d) between West
Creek and the North Fork. For boxplots,
the orange star within the box indicates
the mean value [Color figure can be
viewed at wileyonlinelibrary.com]

FIGURE 5 Plots of each river and

(a) LW jam frequency, (b) CPOM jam
frequency, (c) LW jam load and (d) CPOM
jam load. For boxplots, the orange star
within the box indicates the mean value
[Color figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 6 Plots of river and distance
from the bankfull channel at which LW
(a) and CPOM jams (b) were located;
elevation above the bankfull channel at
which LW (c) and CPOM (d) jams were
located. For boxplots, the orange star
within the box indicates the mean value
[Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 7 Plots of river and the
number of pins trapping LW (a) and
CPOM (b) jams; LW (c) and CPOM

(d) total blockage. For boxplots, the
orange star within the box indicates the
mean value [Color figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 9 Plots of confinement index and (a) LW jam frequency, (b) CPOM jam frequency, (c) LW jam load and (d) CPOM jam load [Color
figure can be viewed at wileyonlinelibrary.com]
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FIGURE 10 Plots of slope and (a) LW
jam frequency, (b) CPOM jam frequency,

a b
() O o (b) e p >0 (c) LW jam load and (d) CPOM jam load
150 = 607 [Color figure can be viewed at
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TABLE 2 Final models chosen through model selection using the AICc criterion
Variables included in final model (p-value) Adjusted R? of final
Response variable [coefficient f§] model Top variables ranked with importance
sqrt (LW frequency) drainage area (<0.004) [-0.16] 0.36 drainage area, confinement index,
confinement index (0.027) [4.12] multithread
multithread (0.007)
sqrt (CPOM confinement index (<0.001) [5.31] 0.38 confinement index, basal area, bankfull
frequency) basal area (0.007) [0.16] width
bankfull width (0.009) [-0.27]
log1p (LW load) slope (0.033) [—24.48] 0.11 slope, drainage area, confinement index
loglp (CPOM load) confinement index (0.076) [1.11] 0.15 confinement index, basal area, bankfull
width

basal area (0.072) [0.06]

was not significantly different between jam types (p > 0.1; Figure S6).
Average jam size varied somewhat between jam types (Figure S7),

with floodplain margin transverse jams having the greatest volume.

5 | DISCUSSION
51 | The influence of disturbance history on
floodplain LW and CPOM jams

The results of our analysis support our hypothesis H1 that the basin
with a larger peak flood magnitude (West Creek) would have greater
jam frequencies and loads, but only with respect to LW jams. Larger

floods have greater transport capacities, and thus greater loads of

LW can be mobilized and transported onto floodplains. The distance
from and elevation above the channel at which LW jams were
deposited was greater on West Creek compared to the North Fork,
reflecting the higher flood peak magnitude. Larger flood magnitudes
may also result in greater LW jam frequencies and loads due to
increased LW recruitment (Comiti et al., 2016). Recruitment of LW
into the channel primarily occurs via hillslope failures and lateral
bank erosion (Benda & Sias, 2003). During the 2013 flood, the
extreme discharge triggered extensive floodplain and hillside erosion
on West Creek, likely resulting in significant LW recruitment for
transport and subsequent deposition. This probably occurred on the
North Fork as well, but to a lesser degree. In addition, West Creek
is more confined and connected to hillslopes compared to the North

Fork. Field observations indicated that substantial hillslope failures
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TABLE 3 Jam characteristics by jam type. Jam types listed in the Watson U? two sample test metric indicate significantly different results.
Mean and median orientations are relative to the stream channel orientation
Floodplain margin  Floodplain margin  Floodplain Floodplain In-channel In-channel
strandline transverse margin irregular interior irregular transverse irregular

Jam count (n) 8 8 11 8 8 4

Mean orientation 154.89 106.61 81.40 112.89 89.91 84.73
)

Median orientation 154.30 108.50 82.50 114.40 87.80 80.00
)

Proportion 0.38 0.69 0.55 0.59 0.66 0.56
perpendicular

Proportion 0.62 0.31 0.45 0.41 0.34 0.44
parallel

Mean 14.44 15.38 14.47 15.87 14.67 15.08
inclination (°)

Median inclination 11.60 11.50 11.00 11.90 9.80 10.80
©)

Watson U? single p < 0.005 p < 0.005 p < 0.05 p < 0.005 p < 0.005 p<0.1
sample

Watson U? two All jam types Floodplain margin Floodplain margin  Floodplain margin ~ Floodplain margin ~ Floodplain margin

sample

strandline

strandline

strandline

strandline

strandline

FIGURE 11 Examples of individual jams and corresponding jam fabric for each jam type: (a) floodplain margin strandline, (b) floodplain
margin transverse, (c) floodplain margin irregular, (d) floodplain interior irregular, (e) in-channel transverse, and (f) in-channel irregular. Blue arrows
denote streamflow direction [Color figure can be viewed at wileyonlinelibrary.com]

occurred along West Creek, also likely increasing LW recruitment.
The different types and degree of recruitment spurred by the larger
peak flood on West Creek may ultimately have increased the
amount of LW available for transport, thus increasing deposition of
LW onto floodplains. Therefore, the impact of a larger peak flood is
multifaceted, in that both transport capacity and the capacity for
geomorphic work (erosion and thus LW recruitment) influence LW

deposition.

It is clear that peak flood magnitude likely influenced floodplain
LW jam deposition, but understanding what caused the difference in
peak flood magnitude between basins is more difficult. Although
visual examination of annual precipitation probability exceedance
maps suggests West Creek may have had a more intense precipitation
event compared to the North Fork (Gochis et al., 2015), we do not
have direct precipitation data from the basins and the range in total

rainfall between basins is similar when assessing precipitation maps.
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We suspect that a combination of the recent upstream fire and a
more confined valley geometry on West Creek may have contributed
to a greater peak flood magnitude, enhancing the recruitment, trans-
port, and deposition of LW on floodplains. Fires can increase the likeli-
hood of debris flows and generate increased runoff due to a reduction
in infiltration capacity (Moody et al., 2013), and this effect is more
pronounced with high-severity fires (Moody et al., 2008). Fires can
also introduce substantial loads of LW to the river corridor, although
the jams in the West Creek study reaches did not contain charred LW
pieces (Lininger et al., 2021). Thus, the primary influence of the 2010
fire on LW dynamics downstream of the knickpoint may have been
the generation of increased runoff, resulting in a greater peak flood
magnitude on West Creek. The debris flow that occurred within the
Cow Creek fire perimeter during the 2013 flood (Coe et al., 2014)
supports the idea that the fire may have increased runoff generation.
In comparison, the North Fork has had few fires in the last century
prior to our 2020 field season (Buechling & Baker, 2004). A small trib-
utary fire occurred in the upper portion of the North Fork basin in
1956, but the effect of wildfire on runoff generation is greatly
reduced after just a few years (Wohl & Scott, 2017), suggesting
that the effect of a small older fire would be minimal. An additional
control on peak flood magnitude is valley bottom confinement
(Magilligan, 1992; Surian et al., 2016). More expansive valley bottoms
and floodplains can dissipate flood energy with increased hydraulic
roughness and resistance, attenuating peak flows (Lininger &
2016; Sholtes & Doyle, 2011; Woltemade &

Potter, 1994). Thus, the narrower valley bottoms found on West

Latrubesse,

Creek likely did little to dissipate the flood peak, whereas the uncon-
fined reaches on the North Fork probably reduced flood magnitude.
Our results are supported by Wohl, Cadol, et al. (2018), who
found greater proportions of floodplain LW concentrated into jams in
rivers with recent high-magnitude disturbances compared to rivers
with no recent disturbances in the southwestern USA. The authors
also found that the proportion of in-channel LW compared to flood-
plain LW was lower in reaches with high-magnitude disturbances.
Similarly, very few in-channel LW jams existed in the North Fork or
West Creek. Previous work in the upper part of the North Fork prior

Increasing:

Flood magnitude

Narrower
valley bottom

Confinement index

Wider
valley bottom

to the 2013 flood suggests that many channel-spanning LW jams
were present (Wohl & Beckman, 2014), but in-channel jams were less
abundant in 2020. It is likely that much of the in-channel LW in the
North Fork, as well as West Creek, was rearranged into floodplain LW
jams or transported downstream during the 2013 flood.

Other studies examining floodplain LW loads across biomes do
exist, though they incorporate autochthonous LW and dispersed LW
pieces not in jams. When comparing our floodplain LW loads to these
data, it is clear that the North Fork floodplain LW jam loads
(mean = 94 m® ha~1) are much more similar to other semi-arid rivers
(62-250 m® ha~') than to the loads found on West Creek
(mean = 679 m® ha™!) and in the Pacific Northwest (380-743 m®
ha~Y) (Lininger et al., 2017; Wohl, Cadol, et al., 2018; Wohl, Scott, et
al, 2018). These comparisons indicate that disturbance magnitude
and frequency are important influences on floodplain LW loads.
Because of a shifting climate, precipitation regimes are predicted to
transition from snowmelt systems to rainfall systems (Fritze
et al, 2011; Stewart et al, 2005), and extended droughts may
increase fuel for fires and lengthen fire seasons (Hurteau et al., 2014),
increasing the likelihood of more frequent disturbances. Understand-
ing organic matter dynamics in the context of disturbance will there-
fore become increasingly critical.

As noted above, West Creek had higher LW jam loads and fre-
quencies, but there was no difference in CPOM jam loads and fre-
quencies between basins, indicating that the difference in flood peak
magnitude did not play a significant role in CPOM jam deposition.
Greater flood magnitude has been associated with greater CPOM
export in river channels (Wallace et al., 1995). However, because
CPOM dimensions are relatively small, extreme floods above a certain
magnitude may mobilize, transport, and deposit CPOM in jams effec-
tively regardless of the differences in flood magnitudes.

In Figure 12, we present a conceptual model depicting our inter-
pretation of the complex interactions between disturbance history,
valley confinement and LW deposition in forested floodplains. Low-
magnitude disturbances, such as snowmelt floods, may result in lower
floodplain LW jam loads due to reduced LW recruitment and trans-
port onto the floodplain, whereas historic precipitation and flooding,

West Creek

Increasing:

Flood magnitude

+
|
I
|
1
I
: Hillslope connectivity
1
1
|
1
|
1

Snowmelt

Extreme flood

Extreme flood
+ recent fire

FIGURE 12 Conceptual model of the complex relationships between disturbances, geomorphology and floodplain LW jam deposition
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such as the 2013 event, substantially increase LW deposition because
more LW is recruited via hillslope and floodplain erosion. Historic
floods, coupled with recent fires, have the potential to recruit more
LW and may result in the greatest floodplain LW loads. However,
flood magnitude and LW deposition are also influenced by the con-
finement of the valley bottom. As valley bottoms narrow, flood peak
levels increase due to the reduced capacity for flood peak attenuation,
increasing LW recruitment and transport. Hillslope-channel connec-
tivity may also increase in confined valley bottoms, magnifying LW

recruitment from hillslopes.

5.2 | The influence of geomorphic and forest stand
characteristics on floodplain LW and CPOM jams

In addition to disturbance regime, geomorphic characteristics and for-
est stand density influence patterns of jam deposition. As discussed
above, confinement differences between basins may influence flood
peak magnitudes. In addition, confinement variations within a basin
also influence where LW and CPOM jams are deposited in the river
corridor. Wider valley bottoms were associated with reduced LW and
CPOM jam frequencies and loads (Table 1, Figure 9), which does not
support our hypothesis H2a that wider valley bottoms relative to
channel width would result in increased floodplain jam frequencies
and loads. In more unconfined reaches, it is less likely that a flood
would extend across the entire valley bottom, and standing vegetation
likely impedes LW transport further into the floodplain, resulting in
smaller jam frequencies and loads when normalized by area. Our
results differ from those of Wohl, Cadol, et al. (2018), who found that
wider valley bottoms were associated with larger floodplain and in-
channel LW loads in semi-arid rivers, but their data also included dis-
persed LW pieces not contained within LW jams. Our results are
supported by Galia et al. (2020), who found that wider valley bottoms
resulted in lower LW loads in the Mediterranean, though these results
also included dispersed and autochthonous LW. The relationship we
found between confinement index and floodplain LW jams could
change when incorporating autochthonous LW on the floodplain,
because autochthonous LW is not dependent on a flood’s ability to
transport material across the floodplain, but on forest processes of
mortality and tree fall (Wohl, 2020).

Forest stand density also influences floodplain jam deposition.
There were no significant correlations between our response variables
and basal area, which indicates forest stand density. However, basal
area was included as a predictor in the final model for both CPOM jam
frequencies and loads, which may be related to the greater sourcing of
CPOM in sites with greater basal area (Galia et al., 2020) and the
importance of trees acting as trapping locations (Lininger et al., 2021).
We also hypothesized that multithread reaches would have signifi-
cantly larger jam frequencies and loads (H2b), but our results suggest
single-thread channels have slightly greater LW jam frequencies and
loads. Multithread planforms can have higher in-channel LW loads
due to a lower transport capacity (Wohl, 2011; Wyzga et al., 2017),
and thus we expected greater deposition of floodplain LW jams in
multithread reaches. However, our data suggest that multithread
channels may be less influential for floodplain LW and CPOM jam
deposition than for in-channel LW jam deposition, and more work is

needed to understand how planform affects floodplain jam processes.

Sinuosity was not associated with LW and CPOM floodplain
deposition according to our analyses. However, previous work has
shown that sinuosity, coupled with lower bank heights, may promote
LW deposition on floodplains (Piégay & Marston, 1998), and the outer
edge of bends can experience significant erosion and recruit addi-
tional LW to the channel during floods (Lassettre et al., 2008). It is
likely that the range of sinuosity on West Creek and the North Fork
was not large enough to determine any associations with floodplain
LW and CPOM deposition.

Drainage area and slope were significantly associated with LW on
floodplains (Figure 13). As described in Lininger et al. (2021), reaches
with lower slopes may have experienced lower stream power during
the flood, promoting deposition. Our results support this, where
decreasing slope results in greater LW loads. However, increasing
drainage area, which corresponds to decreasing slope in the drainage
basins, is associated with lower LW jam frequencies. Further investi-
gation indicates a significant correlation between slope and average
LW jam size (p = 0.001, p = —0.54). These data ultimately indicate
that with increasing drainage area and decreasing slope, LW jams are
less frequent but larger in size.

The higher decay class of LW pieces on the North Fork also indi-
cates different processes behind jam formation. On West Creek, LW
pieces may have been recruited and deposited in relatively rapid
events such as hillslope failures or floodplain erosion during the flood,
resulting in fresher LW pieces. Conversely, in-channel and autochtho-
nous floodplain downed LW may have been a larger source of LW in
jams on the North Fork, where the flood may have remobilized and
rearranged more decayed LW pieces.

The number of pins trapping CPOM jams was significantly greater
on the North Fork, likely due to a higher forest stand density on the
North Fork. However, total blockage was significantly greater on
West Creek, suggesting that although West Creek had a lower forest
stand density and jams were pinned by fewer trees, trees within the
forest stands along West Creek may be larger than those on the

North Fork and more effective at trapping LW in transport.

5.3 | Differences among jam types

Our expectation that jam types identified in the field would differ by
jam fabric (H3a) was partially supported by our results. Although jam
fabric distributions were only significantly different between

Slope

Drainage area

FIGURE 13 Figure of the relationships between slope, drainage
area and LW jam deposition
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floodplain margin strandline and all other jam types, all jam types were
significantly different from a uniform distribution at @ = 0.1. In addi-
tion, some jam types (floodplain margin strandline and transverse, in-
channel transverse) had greater alignment of pieces compared to
others (irregular jam types). Our results contrast with the only other
study to have analysed floodplain LW fabric, which found no prefer-
ential alignment in floodplain jams in the southeastern USA (Wohl
et al., 2011). This may be due to the authors’ potential inclusion (and
our exclusion) of autochthonous LW, which may have more random
orientations.

Floodplain and in-channel jam types in this study likely represent
different transport regimes and depositional processes, with in-
channel LW jams representing jams formed by annual snowmelt flows
rather than the extreme 2013 flood event. These jam types were
more likely controlled by an uncongested transport regime, in which
pieces moved without interactions
(Braudrick et al., 1997). Although it is possible that floodplain jams

may also form via an uncongested transport regime and the gradual

significant  piece-to-piece

accumulation of LW pieces, semi-congested, congested, or
hypercongested transport likely occurred on West Creek during the
2013 flood, resulting in fluvially deposited floodplain jams. In a con-
gested transport regime, LW pieces move as a mass and are oriented
mostly perpendicular to flow, but parallel near channel margins
(Braudrick et al., 1997), which could result in distinct orientations dur-
ing floodplain deposition. Highly congested, wood-laden flows
(i.e., hypercongested) have been observed in steep confined mountain
streams and within the southwestern USA in intermittent streams
(Ruiz-Villanueva et al, 2019), and generally either require large
amounts of wood in the channel or episodic inputs. It is possible that
West Creek experienced pulses of congested or hypercongested
transport when substantial LW delivery occurred via hillslope failures.
Our jam types along the floodplain margin coincide with descriptions
of log levees and jams deposited after wood-laden flows (Ruiz-
Villanueva et al., 2019). When congested flows fill the channel, LW
pieces along the margin can rack up again floodplain vegetation in rel-
atively parallel orientations to stream flow, like floodplain margin
strandline jams. Other, less preferentially aligned jams, such as flood-
plain margin irregular jams, may also form (Ruiz-Villanueva
et al,, 2019).

We also expected to find greater inclinations of LW pieces in
floodplain jam types compared to in-channel jam types (H3b). How-
ever, our hypothesis was not supported, as LW piece inclinations
throughout the floodplain and channel were remarkably similar and
oriented at low inclinations. Comparing inclinations of pieces from in-
channel jams formed by large floods or in different geographic regions

would provide more insight.

6 | CONCLUSIONS

Understanding LW and CPOM dynamics in river corridors is impor-
tant for advancing ecogeomorphic research, but floodplain LW and
CPOM jam depositional characteristics have been understudied. We
addressed this gap by investigating the influence of different distur-
bance histories, as well as geomorphology and forest stand density,
on the deposition of LW and CPOM jams onto floodplains in the
Colorado Front Range. We found that West Creek, which

experienced a higher flood peak magnitude that was possibly
enhanced by a recent upstream fire and a highly confined valley bot-
tom, influenced the recruitment and transport of LW and resulted in
the deposition of extremely high loads of fluvially deposited flood-
plain LW jams. Conversely, the North Fork experienced a lower peak
flood magnitude, had not burned recently and has a wider valley
bottom, potentially resulting in less recruitment, transport, and depo-
sition of floodplain LW jams. CPOM jam deposition was not con-
trolled by flood magnitude above a certain threshold, but reach-
scale characteristics, such as confinement index and basal area, did
play an influential role. We also compared floodplain and in-channel
jam types by jam fabric (piece orientation) and other characteristics.
We found that some jam types varied by jam fabric and that jam
types oriented perpendicular were most preferentially aligned. Our
quantification of jam fabric within mountain rivers adds to our
understanding of the depositional processes, as well as transport
processes, that influence floodplain LW jams, and will additionally
provide concrete targets for modelling efforts that incorporate LW
transport. More work is needed to investigate the dynamics (entrain-
ment, transport, and deposition) of organic matter, particularly as a
shifting climate influences the frequency and magnitude of distur-
bances. This work will also inform river restoration efforts, which
use LW in the channel but have not yet extensively incorporated
floodplain LW.
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