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ABSTRACT

EFFECTS OF FLOODPLAIN LOGJAMS ON SOIL BIOGEOCHEMISTRY AND RIPARIAN

VEGETATION

The effect of floodplain logjams on soil biogeochemistry and riparian vegetation is
largely unknown, particularly in post-fire landscapes. Previous research indicates that decaying,
downed wood on upland surfaces can alter the underlying soil through the transfer of nutrients,
increase retention of soil moisture, and influence the survival, diversity, and succession of
surrounding vegetation. However, these effects are poorly understood in floodplain
environments, and particularly floodplains altered by wildfire. The objective of this study is to
understand the geomorphic and ecological effects of floodplain logjams on soil chemical
properties and riparian vegetation in a post-fire landscape.

Field measurements were conducted along Little Beaver Creek (LBC), a forested
montane stream in northern Colorado. A large percentage of LBC burned in 2020, followed by a
major flood in 2022 that formed approximately 700 floodplain logjams along a 9-kilometer
length of the river corridor. Six of the logjams formed by the 2022 flood were analyzed in this
study, three of which were located on a burned floodplain, and the other three on an unburned
floodplain. Four soil samples were collected at sequential distances away from a logjam and
tested for key soil properties that influence nutrient availability and impact biogeochemistry
(e.g., SOC, NOs, P, K, SO4-S). The soil moisture was quantified utilizing soil cores that were
collected across both floodplains. Thirty cores per floodplain were collected, dried, and weighed

to determine the volumetric soil water content. Floodplain vegetation was surveyed via quadrat
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method to a maximum of three meters around each logjam. The total number of plants, number
of different plant species, and percentage of vegetated area were recorded for each plant survey.

I found that floodplain logjams supported the retention of soil C, N, and P, particularly in
the unburned floodplain. I anticipate that the trends between nutrient concentrations and logjam
proximity will become more pronounced with time as logjam wood decay increases and as
microbial communities recover post fire. Additionally, there was a significant relationship
between soil texture and logjam proximity. Finer soils with higher clay and silt content were
found underneath the logjams compared to more coarse soil farther away from the logjam, which
further supports the retention of soil nutrients. There was no significant difference in soil nutrient
content between the upper and lower horizons of the soil profile, except for potassium and nitrate
concentrations. I found that local topography is the main control on floodplain soil moisture
along LBC. There was a significant difference in soil moisture content between the burned and
unburned floodplains, where the unburned floodplain had greater soil volumetric water content.
Additionally, there is an inverse relationship between soil moisture and logjam proximity
between the burned and unburned floodplains — there is a positive relationship between logjam
proximity and soil moisture on the burned floodplain, whereas there is a negative relationship on
the unburned floodplain. There was no significant effect from floodplain logjams on vegetation
density or richness. Solar exposure was the primary predictor of plant abundance and species
richness, and due to the lack of canopy cover in the burned area, there was greater plant density
and species richness on this floodplain.

These results will help inform restoration practitioners of the utility of floodplain logjams

to achieve various river restoration objectives and to improve overall soil health. This research
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expands our understanding of how these floodplain features support spatial heterogeneity and

increased resilience to future disturbances amidst climate warming.
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1. INTRODUCTION

The goal of this research is to understand the geomorphic and ecological effects of
floodplain logjams on soil properties and plant communities in a river that experienced wildfire
that burned a portion of its watershed. Large wood removal from river corridors has been
normalized for more than a century, creating logjam-deficits in forested river corridors (Wohl,
2014). Increasing recognition of logjam benefits has led to reintroduction of wood to active
channels in a restoration setting (Roni et al., 2015; Grabowski et al., 2019), but floodplain logjam
restoration is less common. In-channel logjams pose valid concerns such as impeding passage for
boats or recreational paddlers, as well as safety risks to nearby infrastructure if the wood were to
move during a flood. Floodplain logjams are advantageous because they pose fewer risks while
providing many different ecosystem services, including the potential to enhance soil fertility, soil
moisture, and vegetation. This research can inform river restoration practitioners, public land
managers, and recreational users of the value floodplain logjams provide to riverine ecosystems,
and the potential for these landscape features to reduce flood risk hazards and enhance climate
resiliency.

I review the existing large body of research conducted on the effects of downed wood on
upland forest soils first. I then review the potential effects of floodplain logjams on floodplain
soil and riparian vegetation. The literature review informs the research objectives and hypotheses

that are stated at the end of the introduction.

1.1 Downed Wood in Upland Environments

Research on the effects of downed wood in upland environments is more extensive than
research on downed wood in floodplains, including the effects of downed wood on soil nutrients

and soil moisture, and the interactions of these effects with wildfire.



1.1.1 Downed wood and soil properties

Downed wood affects the underlying soil chemistry, influencing nutrient cycling and soil
pedogenesis (Spears & Lajtha, 2004), but the specific effects are highly variable. Decaying logs
can be a source or sink of nutrients depending on the climatic conditions, substrate C:N ratio,
variety of tree species, and the level of wood decay (Zalamea et al., 2016). The greatest effects of
wood decay on soil chemistry can be seen at the upper surface layer of soil (Spears & Lajtha,
2004; Goldin & Hutchinson, 2014). As the wood decays and plant structure breaks down,
organic matter leachate leaves the wood, transferring soluble organic carbon (Zalamea et al.,
2007) and soil nutrients, such as C, N, P, and NO3 (Goldin & Hutchinson, 2013; Marafion-
Jiménez & Castro, 2013; Wiebe et al., 2014; Stutz & Lang, 2017) into the soil beneath the wood,
acidifying the soil surface (Spears & Lajtha, 2004). Downed wood also stimulates soil enzymatic
activity and litter decomposition (Gonzalez-Polo et al., 2013; Vernon et al., 2025), further

altering the underlying soil geochemistry.

The stage of wood decay influences the level of alteration of soil chemistry. Wood in the
middle stages of decay has the greatest influence on soil chemistry as there are higher
concentrations of dissolved organic carbon present during this stage of decay (Spears & Lajtha,
2004). Decaying wood has the potential to alter nutrient cycling in underlying soil, but the
quality and quantity of leachate inputs from decaying wood are highly variable, and the factors
that affect cycling of nutrients from wood to soil are not yet fully understood (Zalamea et al.,
2016).

The occurrence of wildfire can complicate the effects of wood on soil properties. Forest
fire alters soil chemistry, including the soil pH and electrical conductivity but, most notably, fire

significantly increases the ratio of soil-available phosphorus in grassland and forested



environments (Ferndndez-Garcia et al., 2019). The extreme heat from fire causes compounds
such as carbon and nitrogen to volatilize into their gaseous states and enter the atmosphere,
whereas phosphorus does not have a gaseous state and is retained in the soil after fire (Rainson et
al., 1985; Kutiel & Naveh, 1987).

Wildfires also change the physical properties of soil. Soil infiltration capacity decreases
after fire due to increased soil hydrophobicity and decreased pore space within the soil matrix
(Nyman et al., 2014). The size of macropores, which are the main route of infiltration throughout
a soil profile (Guo & Lin, 2018), varies temporally as pore space and soil bulk density decrease
immediately post fire (Marafidon-Jiménez & Castro, 2013), followed by a steady increasing trend
as the ecosystem recovers (Nyman et al., 2014). The magnitude of all these effects is a product of
the fire intensity, duration, and fuel type (Vega et al., 2013).

These chemical and physical alterations to the soil as well as the heat stress from fire
affect enzymatic and microbial activity in the rhizosphere, often causing a significant decrease in
microbial biomass within the soil (Sharma et al., 2017). Generally, in pine forests high burn
severity is significantly correlated with decreased enzymatic and microbial activity (Fernandez-
Garcia et al., 2019). Interestingly, the presence of downed wood in a pine forest in Spain actually
increased soil organic matter, phosphorus, carbon, nitrogen, and microbial biomass underneath
the wood after wildfire (Maraiion-Jiménez & Castro, 2013). In a Mediterranean system, soil
organic matter increased by 18% under large wood accumulations post fire, benefiting the
recovery of soil fertility (Marandn-Jiménez & Castro, 2013). Prescribed fire was used in New
Mexico as fuel reduction for forest management, and the areas where large wood was present
experienced increased soil temperature and moisture within the top 30 cm of soil compared to

burned areas without large wood, thereby enhancing pedogenesis (Parmenter & Losleben, 2023).



1.1.2 Downed wood and soil moisture

Global levels of soil moisture have seen a significant decline in the 21 century, by as
much as 1614 gigatons from 2000-2002 alone (Seo et al., 2025). Precipitation deficits, increased
evapotranspiration from warming air temperatures, and the increased frequency of droughts have
caused this decline, which will continue to persist under current climate conditions (Seo et al.,
2025). Conserving soil moisture is a strategy to mitigate warming climate temperatures, and
maintaining current global soil moisture levels could reduce future land warming by 32.9%

globally (Zuo et al., 2024).

Decaying wood can reduce soil moisture loss by reducing evaporation from the soil
(Goldin & Hutchinson, 2013, 2014). Soil moisture is also influenced by wildfire (Marafion-
Jiménez & Castro, 2013), which reduces soil infiltration capacity by increasing water repellency
and decreasing soil pore space (Nyman et al., 2014). A strategy to mitigate this loss of soil
moisture from fire is the presence of downed wood. Downed wood can increase soil volumetric
water content in nearby soil throughout the year in both burned and unburned sites (Parmenter &
Losleben, 2023). In a temperate woodland of Australia, large wood decreased the rate of soil
moisture loss in areas closest to the wood, and wood with a larger diameter was able to retain
more moisture both underneath and surrounding the logs (Goldin & Hutchinson, 2014).

It is important to note that there are many factors that influence soil moisture in addition
to downed wood. In contrast to the studies mentioned above, a study assessing soil moisture
under downed wood in Puerto Rico discovered that wood affected soil temperature by reducing
the temperature variability, but the wood did not have any effects on soil moisture (Zalamea et
al., 2016). In this tropical environment, seasonal precipitation and topography had a greater

influence on soil moisture than the presence of downed wood (Zalamea et al., 2016).



1.1.3 Downed wood and vegetation

Downed wood can influence understory plant communities (Goldin & Brookhouse, 2015;
Kumar et al., 2017) and tree seedling survival (Heinemann & Kitzberger, 2006). In a temperate
woodland, areas closest to downed wood had greater plant biomass and foliage cover (Goldin &
Brookhouse, 2015). The downed wood provides both protection from herbivory and
transpiration, as well as providing ideal soil conditions that improve seedling survival and plant
growth (Goldin & Brookhouse, 2015). Plant seedling survival is benefited by the presence of
downed wood for a variety of reasons, including protection from solar radiation (Heinemann &
Kitzberger, 2006) and shelter from harsh weather, creating a unique microenvironment that is
favorable for seedling establishment (Galea & Major, 2024). Additionally, many studies suggest
that downed wood in forested areas increases the surrounding soil moisture, which further

supports seedling establishment and plant growth (Goldin & Hutchinson, 2014).

It is clear that downed wood supports plant growth, but it is less clear how this wood
impacts species richness and plant diversity. Downed wood impacts competition between plant
species, and in some scenarios, the wood supports greater establishment of exotic species over
native species (Goldin & Brookhouse, 2015). Additionally, downed wood creates microsites that
contain unique habitat and protection that can increase plant biodiversity (Pyper & Vinge, 2012).
The level of wood decay impacts the species composition of understory plants that colonize the
wood. There is a significant difference in species composition between the five decay classes of
wood, with the greatest difference between stages 1 and 2, dominated by lichens, versus decay

stages 4 and 5, which were predominately colonized by vascular plants (Kumar et al., 2017).



1.2 Floodplain Logjams

Floodplains can have different and more frequent disturbances than upland environments.
These disturbances may either add or remove wood, particulate organic matter, and sediment to
the floodplain surface. Consequently, it is unclear how the effects of downed wood in floodplains
compare to those in upland environments.

Logjams are defined as collections of three or more pieces of downed, dead wood (each >
Im long and 10 centimeters diameter) in contact with each other (Wohl, Scott, et al., 2018).
Previous research has examined the diverse effects of logjams in the active channel, with much

less attention to logjams found on riverine floodplains.

Floodplain logjams form during high flows where wood is transported through the river
corridor and deposited onto the floodplain (Pavlowsky et al., 2023). Logjams are typically
deposited upstream from obstructions to flow, such as trees or boulders. Most commonly,
floodplain logjams are pinned by standing or toppled trees that are still rooted to the ground
(Pettit et al., 2006; Wohl, et al., 2024). The wood found in floodplain logjams may be recruited
from upland tree fall, debris flows, forest blowdowns, or fluvial transport of wood from the
active channel (Golladay et al., 2007; Lininger et al., 2017; Wohl, 2020). Floodplain logjams are
most commonly found in portions of the river corridor with lower gradients and wider valley
bottoms, known as river “beads” (Stanford & Ward, 1993; Lininger et al., 2021). River beads are
spatially heterogeneous and larger in area, which supports greater storage of wood both in the
floodplain and in the channel (Scott & Wohl, 2018; Wohl, Scott, et al., 2018).

Floodplain logjams likely serve many different functions, from altering the soil
microbiome, to redirecting flow during a flood. Logjams increase spatial heterogeneity

throughout the river corridor, for example, and spatial heterogeneity of flow paths and sediment



storage areas in the river corridor can increase resiliency to disturbances, including floods and
fires (Wohl et al., 2024). The effects of floodplain logjams on soil chemical properties and soil
moisture have, however, received little attention thus far.
1.2.1 Floodplain logjams and soil properties

As organic matter in a logjam decays, it will alter the soil chemistry (Spears & Lajtha,
2004) through leachates that transfer organic carbon and other nutrients to the uppermost layers
of soil (Pettit & Naiman, 2005; Zalamea et al., 2007) analogous to documented effects in upland
environments. However, given the tendency for floodplain soils, especially in drylands, to have
greater soil nutrient levels than adjacent uplands (Peterson & Rolfe, 1982; Ekwoanya &
Ojanuga, 2002; Avner et al., 2023), it is unclear whether decaying wood can add sufficient
nutrients to the underlying soil to create significant differences relative to other floodplain soil

locations.

The effects of floodplain logjams on soil chemical properties are further complicated in
burned environments. In a burned riverine environment, floodplain logjams along the Sabie
River in South Africa increased concentrations of soil-available phosphorus in the floodplains
burned by wildfire (Pettit & Naiman, 2007).

1.2.2 Floodplain logjams and soil moisture

Floodplain logjams might increase soil moisture, analogous to upland forests, but few
previous studies have examined this possibility. In the semiarid savanna of the Sabie River,
floodplain areas with logjams accumulated fine sediment, which helped retain soil moisture
(Pettit & Naiman, 2005). Floodplain logjams also increase hydraulic roughness and erosional
resistance during overbank flows, potentially further influencing soil moisture dynamics

throughout the floodplain by reducing erosion of finer sediment that retains moisture (Wohl,



2013). In other words, floodplain logjams could enhance the proportion of moisture-retaining silt
and clay in floodplain soils by both facilitating deposition and limiting erosion around the
logjam.

1.2.3 Floodplain logjams and riparian vegetation

Riparian plants are essential for stabilizing channel and floodplain surfaces, for reducing
flow velocity during high flows, and for filtering nutrients and pollutants from the water and soil
(Lynch et al., 2023). Floodplain vegetation stores and sequesters critical amounts of carbon
through photosynthesis, and provides shade and moisture that reduce stream temperature, both of
which are necessary for the mitigation of climate change (Lynch et al., 2023). In order to support
diverse and thriving vegetative communities on the floodplain, optimal conditions must be
maintained to promote rich plant populations. In an undisturbed floodplain in Poland, species
richness was highly correlated with nutrient release from organic matter, such as decaying wood,
rather than with preexisting nutrient concentrations within the soil (Wassen et al., 2002).
Additionally, greater species richness is closely associated with increased levels of hyporheic
exchange and groundwater upwelling (Mouw et al., 2009). Even in disturbed environments
experiencing vast anthropogenic alterations, the site environmental factors, such as soil nutrition
and rainfall, can have a greater influence on plant biodiversity than the impacts of previous
disturbance (Lewis et al., 2009).

Previous research demonstrates a relationship between plant communities and large wood
in floodplain environments. Floodplain large wood influences the energy and hydraulics of flow
during flooding, which contributes to patterns of sediment deposition and changes river
geomorphology (Abbe & Montgomery, 1996). Observing several rivers in Montana, Mouw et al.

(2009) concluded that plant species richness was highest at floodplain sites with fine sediment,



such as clays and silts. Although there was not a direct correlation between large wood and
species richness, the large wood reduced flow velocity during flooding and increased the
deposition of fine sediment near the wood, creating the ideal microenvironment for plant
regeneration (Mouw et al., 2009). Logjams support riparian vegetation by creating heterogeneous
environments with various niches to support a highly diverse establishment of seedlings (Pettit &
Naiman, 2006). Additionally, logjams provide seedling protection from herbivory and flooding,
but the abundance and survivability of newly established seedlings is dependent upon the local
soil characteristics (Pettit & Naiman, 2006).

In contrast, a study from South Africa found fewer plant species in floodplain areas with
large wood present due to a fire that occurred after the logjams formed (Pettit & Naiman, 2007).
The jams fueled the fire, causing the vegetation to burn more severely in areas with logjams
present. However, areas with large wood present had significantly higher concentrations of
phosphorus in the soil (Pettit & Naiman, 2007). It was predicted that over time, as the soil and
vegetation recover, the resultant increased soil phosphorus concentration from the burned logjam

would support greater plant abundance and species richness.

1.3 Objectives

As reviewed above, existing work demonstrates that downed, decaying wood can
influence soil chemical properties, soil moisture, and vegetation in upland environments,
although relatively little is known of these influences on floodplains. This study will investigate
the effects of downed wood, referred to as logjams, on floodplains on the underlying soil

biogeochemical properties and the surrounding riparian vegetation, within the context of



wildfire. The objectives of my research are to add to the limited investigations of downed wood
in floodplains by:
1) assessing spatial patterns of (i) soil chemical properties, (ii) soil moisture, and (iii)
riparian vegetation in relation to floodplain logjams, and
2) assessing the effects of wildfire on the three parameters by comparing burned and

unburned floodplain sites.

1.4 Hypotheses

Figure 1 illustrates the hypothesized relationships between dependent variables of soil
chemical properties, soil moisture, and vegetation, with the potential controls (independent
variables), including proximity to a floodplain logjam, floodplain topography, soil texture, and
burn status. I hypothesize that there will be a positive relationship between each of the dependent
variables and proximity to a floodplain logjam. My alternative hypothesis is that floodplain
elevation, soil texture, and/or burn status exert a stronger influence on the dependent variables

than does logjam proximity.

key Dependent Variables
+: indicates positive relationship

- :indicates negative relationship Soil Property Soil Moisture Plant Abundance/ Plant Species
Blank: hypothesis not tested Content Vegetated Area Richness

Logjam proximity + + +
“... with greater proximity to a logjam.”

Topography
“As elevation above the channel
increases ...”

Soil Texture
“As soil texture becomes finer...”

Burn Status

“A burned floodplain will have greater (+) [
/lesser(-) compared to unburned

floodplains.”

1+ 1 +

Independent variables

Figure 1. Table of predictions for the initial hypotheses.
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2. FIELD AND LABORATORY METHODS

2.1 Study Site

This study took place at Little Beaver Creek, referred to as LBC, in northern Colorado.
LBC is a montane stream in an old-growth forest dominated by coniferous trees (i.e., Pinus
ponderosa, Picea pungens, Juniperus scopulorun, Pseudotsuga menziesii) and willows (Salix
spp.), with an understory of various alpine forbs and grasses (i.e., Chrysothamnus viscidiflorous,
Deschampsia cespitosa, Carex spp., Festuca spp.). LBC has a drainage area of 40 km? and is
tributary to the South Fork Cache la Poudre River within the Poudre River watershed. The
semiarid climate of northern Colorado is characterized by four distinct seasons: hot and dry
summers, moderate fall temperatures with minimal moisture, cold and snowy winters, followed
by wet springs from snow runoff and convective rainstorms. Hydrologically, LBC is snowmelt-
dominated as it experiences heavy snowmelt in the spring months and small convective storms in
the summer, resulting in occasional flash flooding between the months of June and September.
The mean annual precipitation is 550 mm and mean annual temperature is 8.3° C. Base flow in

LBC is 0.15 m*/s and annual snowmelt peak flows averages 1.3 m*/s (Wohl et al., 2022).

The LBC watershed is underlain by Paleoproterozoic intrusive igneous rocks (Workman
et al., 2018). The floodplain soil consists of alluvium, classified as cryaquolls (cry- : Cryic cold
climate; -ag- : aquic conditions: -oll : Mollisol Order) (NRCS Web Soil Survey). The active
channel and floodplains are surrounded by steep slopes of granitic bedrock and coarse-grained
colluvium. Soil depth after the 2020 Cameron peak wildfire and the 2022 flood currently varies

from a few centimeters to one meter, and the soil texture is primarily sandy loam with some
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loamy fine alluvium (NRCS Web Soil Survey). The valley morphology follows a bead and string
pattern, with alternating areas of relatively wide floodplains containing secondary channels
branching from the main channel, known as “beads”, and narrower reaches with a single channel
at a steeper gradient, referred to as “strings”. Bead reaches are often wetter than the strings due
to increased hyporheic flow exchange, greater channel-floodplain connectivity, greater
groundwater upwelling, and lower gradient that facilitates retention of water (Wohl, Scott, et al.,
2018). LBC has a step-pool channel morphology and the floodplains contain standing forests.
Within beads, large wood is deposited onto the floodplain due to the lower gradient and wider
area, and therefore beads are the primary locations within river corridors for floodplain logjam
formation (Lininger et al., 2021; Wohl, Marshall, Triantafillou, et al., 2024). For these reasons,
bead sites are the focus for this study.

In 2020, the Cameron Peak wildfire burned 88,634 hectares of the Poudre watershed,
including a large portion of LBC (Swayze et al., 2021). This was followed by a major flood in
July 2022 that lasted for a few hours and peaked at an estimated 90 m*/s, due to intense
convective storms over the burned areas (Wohl, Marshall, Scamardo, et al., 2024). The intense
precipitation triggered multiple debris flows along the valley walls and tributaries to the
mainstem LBC, with flooding that inundated the entire floodplain along the mainstem. The flood
transferred and deposited existing logjams from the active channel to the floodplain.

In this study, floodplain logjams are defined as collections of three or more downed, dead
trees in contact with each other, that are greater than one meter in length and 10 centimeters in
diameter (Wohl, Scott, et al., 2018). I focus on an upstream burned area and a downstream
unburned area of the LBC river corridor for this study (Figure 2). I selected these two sites

because both floodplains were large in area and contained two individual floodplain logjams.
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Both the burned and unburned portions of the river corridor exhibit floodplain topographic relief
on the order of one meter because of past beaver modifications and the presence of secondary
channels. Visual assessment indicates that surface soil texture also varies across the floodplain

surface, from boulder deposits to fine-grained soils.
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Figure 2. Map of study sites along Little Beaver Creek; blue arrows represent direction of streamflow; the

bottom, middle, map displays the area of the LBC watershed.

2.1.1 Logjam characterization

For the soil chemical properties and moisture assessments, I analyzed four individual
logjams (Labeled as: Burn_a, Burn_b, Unburn_a, Unburn_b) found on two different floodplain
segments that are differentiated by burn status (Table 1). For the plant survey, I analyzed six

different logjams (Burn_a, Burn b, Burn ¢, Unburn_a, Unburn_b, Unburn_c) found on four
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separate floodplain segments; two reaches were burned and the other two were unburned (Table

1.

Table 1. Logjam labeling scheme

Floodplain Logjam name Location

Burned floodplain 1 Burn_a Downstream jam
Burn b Upstream jam

Burned floodplain 2 Burn ¢

Unburned floodplain 1 Unburn _a Downstream jam
Unburn_b Upstream jam

Unburned floodplain 2 Unburn_c

Individual logjam characteristics were documented to further explain the soil and
vegetative parameters being analyzed in this study. First, I classified the level of wood decay
using Pyle and Brown’s log decay classification chart (Pyle & Brown, 1998). This system
assesses twigs, bark, wood surface, log soundness, and log shape to classify decay into five
levels (Figure 3). Levels varied from class one, characterized by freshly fallen wood and the least
amount of decay, to class five, with the oldest, heavily decayed wood. Logs were kicked
perpendicularly at meter intervals to determine log soundness. The classification of the logjam

decay was the decay stage for the majority of the logs in the jam.
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Class I Class ITT
+ Bark firmly attached = Bark generally absent (except in Betula and
+ Exposed wood has a fresh color (not stained by Prunus)
weathering) + Log firm when kicked
+ Primary surface substrate: sound bark + Surface of dry wood will flake off or exhibit a
Class IT shredded appearance when kicked
« Bark, if present. is not firmly attached +  Wet surface of wood may compress like a thin
* Generally solid wood sponge, then bounce back when weighted with
+ Surface does not flake off when kicked with a one’s foot
thudding motion perpendicular to the log + Primary surface substrate: soft wood
surface Class IV
+ May have a driftwood-like appearance + Log is no longer a solid piece, though large
(bleached and relatively smooth) (sometimes quite hard) chunks remain
+ Primary surface substrates: hard wood, decayed - Log will crush or cleave into large picces when
bark log 1s kicked with a perpendicular thud (its
Class ITA surface will not flake)
+ Surface is case hardened (similarly to Class ITin  * Log shape oval or flattened
lack of decay) + Primary surface substrates: very spongy wood
= Interior of log (visible through eracks in surface (responds to finger pressure), powder wood
or at ends of log or underneath log if lifted) is Class V
powder wood * Log is predominantly powder wood (>85%)
+ Log does not crush even when considerable + Log shape is quite flat or flat with some rounding
weight is placed on it + Primary surface substate: loosely agpregated
+ Primary surface substrate: hard wood powder wood

Figure 3. Log decay classification scheme by Pyle & Brown, 1998 (Table 1). The classification is

split into five classes, with class five representing the greatest level of decay.

Second, I estimated the number of pieces in the logjam that were burned. I developed a
three-level classification scheme categorized based on the level of char, which I used to describe
the burn severity of the wood in the logjam (Figure 4). Finally, the area of the logjam was
measured by taking points along the perimeter of the jam using RTK GPS and then calculating

the area of the polygon created by the perimeter survey in ArcGIS.

Char Levels

High-char Medium char Low char

Deeply blackened; Dark char coloring; Light char coloring;
completely burnt partially burnt partially burnt
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2.2 Soil Sampling and Analyses

A total of 44 soil samples were collected for soil chemical property testing. These samples
are differentiated by burn status, sampling location, and sampling depth. Sampling locations
were selected as follows: at each logjam, a sample from directly underneath the logs, and then

sequential locations ranging from 1-2 m away from the logjam at increments of 0.5 meters (

Figure 5). The direction of sampling varied between the upstream or downstream side of the
logjam depending on the logjam’s surroundings. For example, soil pits were dug on the
Figure 4. Wood char three-level classification scheme, ranging from high, medium, to low char.
downstream side of the logjams in the burned floodplain because of deposition of medium to
large sized cobbles on the upstream side of the jam, which limited sampling to only the

downstream side (

Figure 6). On the other hand, sampling in the unburned floodplain occurred upstream from
the logjams because the trunks and roots of the trees that pinned the logjam limited the ability to

dig soil pits (Figure 7).
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Figure 5. Schematic illustration of soil pit locations for soil sampling relative to a floodplain

logjam.
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Figure 6. Photo of alluvial deposition of medium-sized cobbles upstream of a floodplain

logjam located on the burned floodplain.

Figure 7. Photo of a floodplain logjam pinned by a tree on the downstream side of the logjam located on

the unburned floodplain.
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At each sampling location, one pit was excavated, and two individual samples were
collected; one sample from the uppermost horizon of the soil profile, referred to as the “upper
horizon,” and one sample from the deepest reachable horizon, referred to as the “lower horizon.”
Additional sampling locations included the highest elevational point and the lowest elevational
point on that particular floodplain (Figure 8). For the collection of each sample, half of a gallon

Ziploc bag was filled with soil. The samples were refrigerated until processing was completed.

Soil Property Data Total
[44 samples]

.

1
Burned [24] Unburned [20]

— 1 T~

Elevation[4] Proximity tojam [20] Elevation [4] Proximity to jam [16]

1
1
1
1
]
|
|
|
|

Upper horizon [2] Upper horizon [10] | Upper horizon [2] Upper horizon [8]
1
1
1
1

Lower horizon [2] Lower horizon [10] Lower horizon [2] Lower horizon [8]

Figure 8. Categorized soil samples collected for soil chemical property testing.

After sample collection, the 400 grams of soil was separated and sent to the CSU Spur
Campus’ Soil, Water, and Plant Testing Laboratory for soil chemical property determination.
The soil was tested for pH, soluble salts, organic matter, nitrates, phosphorous, potassium,

sulfates, percent total carbon, and percent total nitrogen.

18



Table 2 lists the tests that were performed for the determination of each soil chemical
property. The tests performed align with the NRCS recommended laboratory procedures for soil

health testing, outlined in the USDA NRCS technical notes.
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Table 2. Soil Chemical Property Determinations

Soil Chemical Property  Test Performed

pH 1:1 soil: water ratio

Electrical conductivity 1:1 soil: water ratio

Organic matter Mass loss on ignition

Nitrate (NO3) KCl extraction

Phosphorus (P) Olsen bicarbonate extraction
Potassium (K) Ammonium acetate extraction

Sulfur (S) Ca-P extraction

Percent Total Carbon Dry combustion in elemental analyzer
Percent Total Nitrogen Dry combustion in elemental analyzer

2.3 Soil Moisture Sampling

Soil moisture was determined through gravimetric measurements via soil coring. There
were six total soil moisture collection dates between the months of May to September
(5/19/2025, 6/9/2025, 6/23/2025, 7/17/2025, 8/4/2025, 9/20/2025). A total of 30 cores were
collected from each floodplain for each sampling date. Of the 30 cores, six of the cores were site-
specific and strategically selected based on proximity to the logjam and elevation within the
floodplain. These six measurements were repeated at these exact locations for each sampling
date. The site-specific measurements that were characterized by elevation included a point from
a “high and dry” location — rarely wet and the highest position within the floodplain — and

another taken from a “low and wet” location — a location that is frequently wet from groundwater
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upwelling, is an intermittent side channel, and is the lowest position within the floodplain. The
other four site-specific cores were taken with specific proximity to each logjam — one taken
directly underneath the jam, and another 1m away. The additional 24 measurements were
randomly selected throughout the entire floodplain to capture the spatial variation of soil
moisture across the entire floodplain. At each location where a soil core was collected, the GPS

coordinates were recorded using a Juniper System Geode GNS3 receiver device (Figure 9).
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Figure 9. Soil moisture sampling map - 30 samples collected per floodplain; 6 were site-specific based on
logjam proximity or elevation (green pins), and the other 24 were randomly selected (teal pins) to capture

the full spatial variation of moisture across the floodplain.

In the field, depth of the soil core was measured to calculate soil volume. Wet weight was
measured directly after collection. Each sample was transferred into an individual aluminum tray
and dried in an oven overnight at 125° C before being re-weighed to determine the soil dry

weight. Using the soil volume, wet weight, and dry weight data, calculations were performed in
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Microsoft Excel to determine gravimetric water content, volumetric water content, and soil bulk
density (Eq. 1, 2, 3).

mass of water

Gravimetric water content (GWC) = mass of dry soil (1)

. volume of water
Volumetric water content (VWC) = - )
total volume of soil

mass of dry soil

B J =
ulle density (p) total volume of soil 3)

2.4 Vegetation Survey

2.4.1 Quadrat plot surveys

Plant surveys were conducted around six different logjams using the quadrat method. The
logjam was at the center of each quadrat plot, and the area of the plot was divided into 0.5 m x
0.5 m squares, referred to as quadrants (Figure 10). Each quadrant was categorized into one of

three zones based on proximity to the logjam. These zones were “close” (0.5 m away from the

Quadrat plot
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Figure 10. Plant survey quadrat schematic. Total plant survey covered a minimum 5x5m area
around a logjam. Dashed lines outline the zones close, medium, and far. Solid, thin lines outline

the 0.5x0.5m quadrants. Data was quantified within each of these quadrants.
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logs), “medium” (1-1.5 m away), and “far” (2+m away). The number of quadrants within each
quadrat plot varied based on the size of the logjam and its surroundings. At a minimum, each
quadrat plot covered a 5 x 5 m area surrounding a logjam.

Each quadrat plot was outlined with flagged landscaping pins placed at the intersection of
each quadrant (Figure 11). Within each quadrant, the number of plants of mature age and the
number of different species were counted, and an estimate of the percentage basal area covered
within the quadrant was recorded. In this study, basal area represents the area of the ground that

is covered in plant root mass.

Figure 11. Photo of plant survey quadrat plot outlined with orange

flagging. Logjam is located on the right edge of the photo.

Density was calculated by dividing the number of plants within a zone by the area of that
zone (Eq. 4). Plant density was determined for the whole quadrat plot, and for each of the close,
medium, and far zones.

number of plants within zone

Plant D ity =
ant mensuty area of zone “4)
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2.4.2 Densiometer measurements

Solar exposure was quantified using a densiometer to measure canopy cover surrounding
each logjam. The densiometer was leveled and held at a consistent height above the ground
before recording the number of quadrants in the lens that contained canopy. Densiometer
measurements were documented on 4 sides of the logjam corresponding to each cardinal

direction. Three measurements were taken at each location and averaged.

The densiometer measurements are reported as the percentage of canopy cover. The
percent canopy cover represents the amount of canopy overhead and was calculated by
multiplying the number of open intersections by 1.04 to quantify the percentage of open sky,

then subtracted from 100 to report the value as a percentage (Eq. 5).

Percent canopy cover = 100 — (number of open intersections X 1.04)

)

2.5 Determination of Soil Texture

To complement the soil chemical property and moisture analyses, soil was sieved to
determine the texture. Prior to sieving, the soil samples were oven-dried and crushed using a
mortar and pestle to break up aggregates. The total sample dry weight was recorded. The sample
was placed in a sieve with six tiers consisting of the following mesh diameters: 2, 1, 0.5, 0.25,
0.125, and 0.0625 mm, respectively. The smallest mesh diameter represents the size of fine
sediment consisting of silts and clays according to the Wentworth grain size classification chart,
which also guided the choice of sieve intervals (Figure 12). After shaking in a sieve shaker for 5
minutes at level 10, the material in each sieve tray was weighed individually. The percentage of

clay and silt per sample was calculated from the ratio of sample weight <0.0625 mm grain size,
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to the total sample dry weight (Eq. 6) (clay particle size: <0.002 mm; silt particle size: 0.05-

0.002 mm).
Millimeters (mm) Micrometers (um) | Phi (¢)| Wentworth size class
4096 -12.0 Boulder
256 1 -8.0 =
Cobble z
64 i -6.0 b}
Pebble
4 e e e e = 20 o[- — — — — — -
Granule
200 — -1.0
Very coarse sand
100 4 — — — — — — — — 0.0
Coarse sand o
12 0.50 1 500 1.0 c
Medium sand l'g
1/4 025 — —— — 250 — — —| 20— ———— — -
Fine sand
18 0126 |/ — — — {258 — — — 8—ri—m = = =
Very fine sand
1/16 0.0625 —+ 63 4.0
Coarse silt
1/32 0.031 - 3 5.0
Mediumn silt
1164 00186 — — — 156 ———| 60— —————~- =
Fine silt n
1128 0.0078 — 78 7.0
Very fine silt
1/256 0.0039 — 39 8.0
Cla 3
0.00006 0.08 14.0 -~ b=

Figure 12. Wentworth grain size classification chart (1922).

) ) < 4¢ dry weight
Percent fine sediment = - * 100
Total sample dry weight (6)

2.6 Statistical Analyses

Single linear regressions, multiple linear regression, and linear mixed effects models
were used to determine the significance of relationships between the predictor and response
variables (Table 3). Assumptions of linearity, independence, variance, and normality were met
prior to testing. An alpha level of 0.05 was used to determine statistical significance, with p-
values derived from t-tests within the regression framework. For models testing soil moisture,
sampling date was included as a random-effects factor to account for temporal and seasonal
variation in soil moisture. To examine which dates were useful and influential to the model

outcome, I compared parameter estimates among models with certain dates not included. If a
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model excluding a date did not have a difference in the parameter estimate, I concluded that the

date was not influential, and I therefore did not include it in the main model of interest.

Table 3. Statistical model response and predictor variables

Category

Response Variables

Predictor variables

Soil Chemical properties

Organic matter (%)
Nitrate (ppm)
Phosphorus (ppm)

Potassium (ppm)

Distance to logjam
Distance to active channel
Elevation difference from bank

Soil texture

Sulfur (ppm) Burn status
Total Carbon Depth in inches
Total Nitrogen Depth category
pH
Soil Moisture Volumetric water content Distance to logjam
(VWC) Distance to active channel
Elevation difference from bank
Soil texture
Burn status
Sampling date *random effect*
Riparian vegetation Plant density Zone (distance to logjam)

Species richness

Distance to active channel
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Percent vegetated area Canopy cover

Elevation difference from bank

Burn status

Elevations for all points were derived from a digital elevation model of the LBC
watershed, collected from a one meter resolution lidar survey (Roumelis, 2024). In order to
calculate the difference in elevation from the bank, I subtracted each point’s elevation from the
elevation of the bank on the particular floodplain from which the point was collected from. The

bank elevation was determined from the stage of bankfull discharge from field observations.
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3. RESULTS

I begin the results section by describing quantitative characteristics for each of the logjams
that were analyzed in this study. I then discuss the results relating to soil chemical properties,
followed by soil moisture, and riparian vegetation results. Finally, I discuss how each of these

parameters relate to the soil texture results.

3.1 Logjam Characteristics

Each of the logjams in this study was unique. Although I am interested in the effects of
these logjams as a general population rather than the different effects from each individual
logjam, I recognize that there are minute differences worth documenting that could influence
anomalies in the main results. The logjam characteristics were documented and quantified to
provide deeper description of the logjam qualities. The characteristics quantified will be reported

as follows: logjam area, decay stage, char level, and observational descriptions.

The perimeter of each logjam was measured to determine the area of the floodplain
occupied by the logjam (Table 4). Logjam decay was the average level of decay for all the pieces
in the jam. There were only three different levels of decay classes represented by the logjams in
this study and most of the wood in the jams was in decay class 2. The level of char on the wood

in this study also had limited diversity; wood in the jams was mostly at the medium char level.

Table 4: Logjam area, decay class, and char level

Logjam Area (m?) Decay Level Char Level

Burn_a 3.35 2 Low

Burn b 10.44 2 Medium
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Burn_c 5.57 2A Medium

Unburn_a 11.47 2 Medium
Unburn_b 9.48 2 Medium
Unburn_c 18.33 1 Low

The observational descriptions, found in Table 10 in the Appendix, provide further
information on each of the jams, particularly the jam’s unique and notable characteristics, along
with deeper descriptions that explain why each jam was classified into a particular decay class or

char level.

3.2 Soil Chemical Properties

The results related to the soil chemical properties are separated into the following
categories and are reported accordingly: effects of floodplain logjams on soil chemical
properties, effects of burn status on soil chemical properties, and difference in soil chemical
properties based on sampling depth. Lastly, I report the statistical results from the multivariate
linear relationship models related to the soil chemical properties.

3.2.1 Logjam proximity

Soil samples were tested for the following properties: potassium (ppm), phosphorus
(ppm), sulfur (ppm), nitrate (ppm), percent organic matter, pH, total carbon, and total nitrogen.
The relationship between each of the soil chemical properties tested and the distance from a

logjam was determined individually for the burned and unburned floodplains (Figure 13).

Organic matter, total carbon, total nitrogen, and phosphorus showed prominent trends
with proximity to a jam, and these four chemical properties will be the focus throughout the

chemical property analysis. For each of these properties, there was a decreasing trend in
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concentration moving away from the logjam, and this trend was particularly pronounced for the
unburned floodplain (Figure 13; red boxes). As expected from visual observation, statistical
testing confirms that there is a significant relationship between organic matter, carbon, and
nitrogen content and logjam proximity on the unburned floodplain specifically (p<0.05).
However, there is no evidence of a significant relationship between phosphorus content and
logjam proximity on the unburned floodplain (p<0.05). When analyzing the burned floodplain
individually, there is no significant relationship between the four main properties and logjam
proximity (p>0.05). Consequently, statistical testing of the relationship between nutrient
concentration and logjam proximity when including both the burned and unburned floodplain
reveals no evidence to reject the null hypothesis. In other words, there is no statistically
significant relationship between soil nutrient content and logjam proximity, when including both

burned and unburned floodplains (p>0.05).
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Figure 13. Relationship between logjam proximity and each soil chemical property tested. There are
significant and interesting trends with logjam proximity for organic matter, carbon, nitrogen, and
phosphorus; these chemical properties are outlined with red boxes. For these four main properties, there is
a significant negative relationship between nutrient content and logjam proximity on the unburned
floodplain. In contrast, there is no significant relationship or trend between chemical properties and

logjam proximity on the burned floodplain.

3.2.2 Burn status

Linear regression testing showed a statistically significant relationship between burn
status and each of the four main properties (Table 5). There are significantly greater
concentrations for each of the four properties in the unburned floodplain compared to the burned

floodplain, regardless of logjam proximity (p<0.05) (Figure 14).
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Table 5. Numerical results for the burn status with the four main properties

Predictor Variable Outcome Variable Estimate Confidence Interval P-value

Organic Matter 3.28 [0.76, 5.81] 0.0121
Burn Total Carbon 2.24 [0.54, 3.93] 0.0110
status Total Nitrogen 0.10 [0.03,0.17] 0.0082
Phosphorus 13.40 [5.73, 21.0] 0.0010
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Figure 14. Box and whisker plots results of the four main properties between the burned and unburned
floodplain; boxes represent the middle 50% of the data (25™ and 75" percentiles), whiskers extend to the

highest and lowest values. For all four, there is significantly greater content on the unburned floodplain.

3.2.3 Sampling depth
For each sampling location, one sample was collected from the top layer of the soil
profile and another from the deepest reachable layer within the profile. The depth of sampling

was reported both numerically (the depth in centimeters at which the sample was collected) and
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categorically (labeled as the “upper horizon” or the “lower horizon”). Linear model testing
showed a significant relationship between sulfur and pH with numeric sampling depth in the soil
profile. These two properties had opposite trends. There is a negative relationship between pH
and depth, meaning that the soil becomes more alkaline with increased depth. Conversely, sulfur
showed a positive trend with depth, where there were greater concentrations of sulfur at
shallower depths. In regard to the categorical depths, there are significant relationships between
nitrate and potassium with the depth categories. There are significantly greater concentrations of

potassium and nitrate in the upper horizon of soil.

The four main soil properties of focus show greater concentrations in the soil’s upper
horizon compared to the lower horizon for the burned and unburned floodplains treated as
separate populations, but the relationship is not statistically significant when including all

floodplain sites (p>0.05) (Figure 15).
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Figure 15. Box and whisker results of the four main properties between sampling depth categories.
Despite visually apparent trends, there is no significant relationship between any of the four

properties and sampling depth. Visually trends show greater nutrient content in the upper horizon.
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3.2.4 Multivariate models

Given the many factors that influence soil chemistry, I tested various multivariate linear
regressions to see which combination of predictor variables most accurately predicts each soil
chemical property. The multivariate models were compared using AIC criteria to determine the
best fit model while accounting for model complexity; a significant model was found for each of
the soil chemical property variables of focus. For organic matter, carbon, and nitrogen, the best
fit models contained the distance to the jam and the soil texture as predictor variables (Table 6).
This means that the soil nutrient concentrations of organic matter, carbon, and nitrogen are
significantly related to logjam proximity when accounting for the soil texture (p<0.01). The best
fit model for the soil phosphorus concentration includes the distance to the jam, soil texture, and
the burn status (Table 6). This means that the soil phosphorus concentration is significantly
related to logjam proximity, when accounting for both the soil texture and the burn status of the

floodplain (p<0.05).

Table 6. Numerical results for four main property’s multivariate models

Outcome Variable Predictor Variables Estimate Confidence Intervals p-value

Organic matter Distance to logjam + -1.27 [-2.10, -0.44] 0.0037
Soil texture

Total carbon Distance to logjam + -0.94 [-1.47,-0.41] 0.0011
Soil texture

Total nitrogen Distance to logjam + -0.04 [-0.05, -0.01] 0.0033
Soil texture

Phosphorus Distance to logjam + -2.85 [-5.63,-0.06] 0.0455

Soil texture + Burn status
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In summary, my original hypothesis that (i) soil fertility is greater with increased
proximity to a logjam is statistically supported by the multivariate model that includes soil
texture, and the univariate model for the relationship between soil chemical property and burn
status supports my second hypothesis that (ii) the burned floodplain has lower soil nutrient
concentrations compared to the unburned floodplain. The univariate linear regressions indicate
no statistically significant relationship between nutrient concentration and logjam proximity
when including both burned and unburned sites. When considering the unburned site
individually, there is a statistically significant decreasing trend in nutrient content with distance
away from a floodplain logjam, indicating greater nutrient content with increased logjam
proximity on the unburned floodplain. This trend is apparent visually for the four main properties
outlined in red boxes in Figure 13, depicting a clear, negative relationship for the unburned sites,

represented by the blue colored line.

3.3 Soil Moisture

I quantified soil moisture as the volumetric water content (VWC). Sampling for soil
moisture occurred on six different sampling dates from May to September 2025. The results only
include five of these six sampling dates, excluding the September 20" sampling date. This date is
excluded because only three samples were collected from each of the burned and unburned
floodplains. The limited number of sampling points do not adequately represent the full spatial
variation of the floodplain, creating conflicting trends with distance to a logjam — particularly
notable for the unburned floodplain — and therefore the September 20" sampling date will not be

included in the following analyses (Figure 16).
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Figure 16. Volumetric water content trends for the burned and unburned floodplains split by sampling
date. Predominantly increasing trends with distance from a logjam on the burned floodplain;

predominantly decreasing trends with distance from a logjam on the unburned floodplain.

Results excluding the September 20" sampling date will be reported in the following
order: soil moisture with proximity to a logjam, effect of burn status on soil moisture, how soil
moisture varies based on topographic elevation, and the statistical modeling results.

3.3.1 Logjam proximity

Volumetric water content and logjam proximity display opposite trends between the
burned and unburned floodplain sites (Figure 17). Soil moisture increases with distance from a
logjam on the burned floodplain (p<0.001). Conversely, soil moisture decreases with distance
from a logjam on the unburned floodplain (p<0.05). There is not a statistically significant

relationship between soil moisture and distance from a logjam when including both the burned

and unburned floodplains together (p>0.05).

37



0.754

0.50

Burn Status
== Burned

== |nburned

0.254

Volumetric water content (%)

0.00 4

[

0 2 4
Distance from a logjam (m)

Figure 17. Relationship between VWC and logjam proximity. There is opposite linear logjam proximity
and soil moisture relationships between the burned and unburned floodplains. Unburned floodplain has a
positive linear relationship between VWC and logjam proximity, whereas the burned floodplain has a

negative linear relationship between these variables.

In addition to graphical interpretations, I compared multivariate models to determine
whether logjam proximity was a useful predictor of soil moisture. I compared two multivariate
models that contained all of the potential predictor variables and were identical except that one
of the models did not include distance to the logjam as a predictor variable. After comparing
these models via AIC, the model without the distance to the jam predictor variable is a better fit;
the best fit model has the smaller AIC value (Table 7). According to these analyses, logjam

proximity is not useful for predicting soil moisture.
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Table 7. Numerical results for VWC with logjam proximity

Output variable Predictor variables F-statistic  p-value  AIC results
VWC Burn status + Soil texture + 34.94 2.2e-16 -359.6
Distance to channel + Elevation
above bankfull
VWC Burn status + Soil texture + 27.59 2.2e-16 -343.5

Distance to channel + Elevation
above bankfull + Distance to the
jam

3.3.2 Burn status

Linear regression testing determined that the floodplain burn status is a significant
predictor of floodplain soil moisture (Figure 18). There is significantly higher volumetric water
content in the unburned floodplain compared to the burned floodplain, regardless of logjam

proximity (p<0.001).
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Figure 18. Box and whisker plot results for VWC compared between the burned and unburned
floodplains. There is significantly higher volumetric water content in the unburned floodplain compared

to the burned floodplain.

3.3.3 Topographic effects

In addition to floodplain burn status, the local topography is another significant predictor
of soil moisture. Topography was quantified as the difference in elevation from the bankfull
stage of the active channel. As expected, soil moisture decreases with increased elevation above
bankfull for both floodplains (Figure 19). There is a significant inverse relationship between

VWC and the elevation above bankfull when including both floodplains (p<0.05).
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Figure 19. Relationship between VWC and elevation above bankfull. Soil moisture significantly

decreased with greater elevation above bankfull for both burned and unburned floodplains.
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Soil moisture has a positive relationship with distance from the active channel in both
floodplains. VWC is significantly related to the distance from the active channel when including
both floodplains (p<0.001). Data for the burned floodplain extend only to 8 m from the channel

because the burned floodplain was much narrower than the unburned floodplain (Figure 20).
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Figure 20. Relationship between VWC and the distance from the channel. There is a significant positive
linear relationship for both burned and unburned floodplains between VWC and distance from the active

river channel.

3.3.4 Soil texture

Another control on soil water retention is soil texture, or the ratio of silt, clay, and sand.
The results indicate a positive relationship between soil texture and soil moisture; the finer the
soil, the greater the soil moisture (Figure 21). There is a significant relationship between VWC

and the soil texture when including both the burned and unburned floodplains (p<0.001).
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Figure 21. Relationship between VWC and soil texture. Soil texture is the percentage of silts/clays in the
soil. There is a significant positive linear relationship for both burned and unburned floodplains between

VWC and soil texture.

3.3.5 Multivariate models

Analyses thus far have observed how individual predictor variables influence the soil
moisture but, in reality, there are many different factors that affect floodplain soil moisture. In
order to determine the controls on soil moisture, I tested the following predictor variables against
the volumetric water content to see which relationships were significantly related to soil
moisture: distance to a logjam, elevational difference, burn status, soil texture, and distance to
the active channel. According to univariate model testing, the predictor variables that are

significantly related to soil VWC are the burn status, soil texture, and the distance to the channel

(Table 8).
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Table 8. Statistically significant univariate models for VWC

Outcome Variable Predictor variables Estimate Confidence Intervals p-value
Burn status 0.121 [0.09, 0.15] 3.2e-12
Volumetric water
Soil texture 0.006 [0.003, 0.008] 5.47e-6
content
Distance from the channel 0.014 [0.012, 0.018] 2.2e-16

When creating a multivariate model to compare these predictor variables, date should be

included as a random effect. I am not interested in the difference in soil moisture between dates,

but rather in the different responses across the sampling period. The best fit multivariate model

contains burn status, soil texture, distance to the channel and sampling date as random effects

(Table 9). This means there is a statically significant relationship between distance to the channel

and VWC when accounting for burn status, soil texture, and sampling date (p<0.05).

Table 9. Numerical results for VWC multivariate models

Outcome variable Predictor variables Estimate Confidence Interval P-value
Distance to the channel ~ 0.0147 [0.0108,0.019] 1.42¢-12
Volumetric water  Soil texture 0.000536 [-0.0019, 0.003] 0.67
content Burn status -0.00017 [-0.043, 0.04] 0.934

Sampling date **

**Random effect

In summary, the results support my hypotheses that (i) soil moisture decreases with

increasing elevation above the channel, (ii) soil moisture increases with finer soil texture, and

(ii1) the burned floodplain will have significantly lower soil moisture than the unburned
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floodplain. The results do not support my original hypothesis that (iv) soil moisture increases
with closer proximity to a logjam when including both burned and unburned floodplains.
However, the results indicate statistically significant yet opposing relationships when burned and
unburned sites are evaluated individually. Soil moisture significantly decreases with greater
proximity to a logjam on the burned floodplain, whereas soil moisture significantly increases

with greater proximity to a logjam on the unburned floodplain.

3.4 Vegetative Survey

Riparian vegetation was quantified in three metrics: the number of plants in an area
(abundance), the number of different plant species (species richness), and the percentage of an
area covered by plant biomass (vegetated area). For each of these metrics, the difference with
proximity to a logjam (categorized by zone) and the difference between burned and unburned
floodplains will be reported in that order. Then, solar exposure results will be reported, first
reporting the difference with proximity to a logjam, and then the difference between the burned
and unburned floodplains.

3.4.1 Abundance

Plant abundance increases with distance from a logjam, most prominently for the burned
floodplain (Figure 22). Linear regression testing indicates a statistically significant relationship
between distance from a logjam — labeled as zone — and the plant abundance, when including
both the burned and unburned floodplains (p<0.05). When comparing the relationship between
plant abundance and logjam proximity for the burned and unburned floodplains individually,
there is no statistical evidence for a significant relationship (p>0.05). Regardless of logjam
proximity, there are significantly more plants on the burned floodplain compared to the unburned

floodplain (p<0.001) (Figure 23).
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Figure 22. Box and whisker plots for plant abundance and zone. The figure shows a slight increasing

trend with distance away from a logjam on both floodplains.
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Figure 23. Box and whisker plots for plant abundance and burn status. The figure shows significantly

greater plant abundance on the burned floodplain compared to the unburned floodplain.
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3.4.2 Vegetation richness

There is neither a statistically significant relationship nor prominent trends between
logjam proximity (zone) and species richness when including both burned and unburned
floodplains (p>0.05) (Figure 24). Even when analyzing the floodplains individually, there is still
no statistical evidence for a significant relationship between species richness and logjam
proximity (p>0.05). There are, however, significantly more plant species on the burned
floodplain compared to the unburned floodplain, regardless of logjam proximity (p<0.001)
(Figure 25). For both zone and burn status analyses, the overall sample size is the same, but the
populations are split into a different number of categories — six categories for zone and two
categories for burn status. The cause for significance between species richness and burn status
could be attributed to the model containing fewer categories, and therefore a greater sample size

per category.
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Figure 24. Box and whisker plots for plant species richness and zone. The figure shows no trend between

richness and distance from a logjam for either burned or unburned floodplain.
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Figure 25. Box and whisker plots for plant species richness and burn status. There is significantly greater

plant species richness on the burned floodplain compared to the unburned floodplain.

3.4.3 Vegetated area

There is a statistically significant relationship between vegetated area and logjam
proximity (zone), when including both the burned and unburned floodplains (p<0.05) (Figure
26). However, when comparing the relationship between vegetated area and logjam proximity
for the burned and unburned floodplains individually, there is no statistical evidence for a
significant relationship (p>0.05). Regardless of logjam proximity, there is a significant
relationship between vegetated area and burn status, with significantly more area covered by

vegetation on the burned floodplain (p<0.001) (Figure 27).
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Figure 26. Box and whicker plots for vegetated area and zone. Plot shows a dramatic increase in
vegetated area with increased distance from a logjam on the burned floodplain. There is no clear trend

between vegetated area and logjam proximity on the unburned floodplain.
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Figure 27. Box and whisker plots for vegetated area and burn status. There is significantly greater

vegetated area on the burned floodplain compared to the unburned floodplain.
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3.4.4 Canopy cover

The densiometer measurements are expressed as the percentage of canopy cover, which
is the percentage of the sky covered by canopy above a given point. Canopy cover significantly
decreases with distance from a logjam on the burned floodplain only (p<0.001) (Figure 28).
There is no notable or significant change in canopy cover with distance from a logjam on the
unburned floodplain (p>0.05). There is a significant relationship between logjam proximity and
canopy cover when including both the burned and unburned floodplains (p<0.001). Additionally,
the unburned floodplain has significantly greater canopy cover compared to the burned

floodplain, regardless of logjam proximity (p<0.001) (Figure 29).
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Figure 28. Box and whisker plots for canopy cover and zone. There is a dramatic, significant decreasing
trend in canopy cover with distance away from a logjam on the burned floodplain. There is no trend

between canopy cover and logjam proximity on the unburned floodplain.
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Figure 29. Box and whisker plots for canopy cover and burn status. There is significantly greater canopy

cover in the unburned floodplain compared to the unburned floodplain.

In summary, the results do not support either of my original hypotheses that (i) plant
abundance and species richness increase with greater proximity to a logjam and (i1) plant

abundance and species richness are lower on the burned floodplain.

3.5 Soil Texture

Soil texture becomes significantly coarser with greater distance away from a logjam,
including both floodplains (p<0.05) (Figure 30). In other words, the soil texture directly
underneath the logjam contains greater amounts of fine sediment, such as silts and clays,
compared to soil farther away from the logjam. I did not differentiate burned and unburned sites
when analyzing this relationship because both sites experienced similar erosion and deposition

associated with the 2022 flood, which might be expected to directly affect floodplain soil texture.
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Figure 30. Relationship between soil texture and logjam proximity. There is a significant, linear decrease
in percentage of silt/clay with distance away from a floodplain logjam. This is representative of floodplain

logjams found on either burned or unburned sites.
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4. DISCUSSION

4.1 Soil Chemical Properties

The soil chemical property analyses showed three key results: (i) the primary predictors
of soil chemistry are the proximity to a logjam and the soil texture; (i1) of the chemical properties
analyzed, logjams had the greatest influence on soil organic matter, carbon, nitrogen and
phosphorus concentrations; and (iii) regardless of logjam proximity, there are significantly
greater concentrations of each of these four properties in the unburned floodplain soil compared

to the burned floodplain soil.

The first of these key results — that the presence of a logjam has a significant positive
effect on the soil nutrient concentrations — comes with the stipulation that soil texture also
influences soil nutrient concentrations. Soil texture alters the physiochemical properties of soil,
influencing nutrient mobility and mineralization (Joshi et al., 2025). More clay-rich soils have a
greater cation exchange capacity, which increases the soils’ ability to attract positively charged
nutrient particles, and these types of soils facilitate organic matter mineralization (Ye et al.,
2024). Physically, the larger surface area and small size of clay particles limit mobility through

the soil, thereby increasing retention of soil nutrients (Ye et al., 2024; Joshi et al., 2025).

The multivariate model for phosphorus specifically also includes burn status as a
predictor variable. Previous work has established that there is a close yet complex relationship
between burned soil and phosphorus concentrations. Nutrient availability after fire is dependent
on the temperature during the fire. Carbon and nitrogen volatilize under lower temperatures
(~200°C) (Caldwell et al., 2002), easily combusting during fire and subsequently contributing to
significant decrease in soil carbon and nitrogen concentrations after fire (Caldwell et al., 2002).

Phosphorus, on the other hand, requires higher temperatures to volatilize (>774°C) (Murphy et
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al., 2006) and is often retained in the soil after low to medium severity fires (Blake et al., 2010).
Although studies have found that soil burnt by wildfire can contain significantly greater
concentrations of bioavailable phosphorus in the soil (Blake et al., 2010), there are varying
effects on phosphorus depending on the fire dynamics, surrounding environment, and soil
minerology (Murphy et al., 2006). For example, a wildfire that burns downed wood greatly
increases the soil temperature beneath it, resulting in soil phosphorus loss (Murphy et al., 2006).
Alternatively, erosion from fire leads to the increase in particulate phosphorus that is often
transported into downstream bodies of water through hillslope erosion (Blake et al., 2010).
Despite the complex and varying effects of fire on soil phosphorus, their relationship is reflected
in the best fit model for phosphorus including burn status as a predictor variable.

The second key result — that soil organic matter, carbon, nitrogen and phosphorus vary
with proximity to a logjam — includes conflicting results. Although significant trends are evident
on the unburned floodplain for three of these properties, (Figure 13), there was no significant
relationship between phosphorus and logjam proximity. In contrast, for the case of the burned
floodplain, there was no evidence of a relationship between any of the chemical properties and
presence of a logjam. Additionally, there was no statistical support for the influence of logjam
proximity on soil chemical properties when burned and unburned sites were analyzed together.

There are several factors that might explain this.

Two factors are the impact of burn severity on soil chemistry and microbial communities
and the length of time since the fire. Although some studies show that total organic carbon and
total nitrogen can return to pre-fire levels only three years after fire (Fernandez-Garcia et al.,
2019), my study plots show significantly higher nutrient concentrations in the unburned soil

compared to the burned soil (p<0.05) six years after the Cameron Peak fire. This could reflect the

53



high burn severity or the greater soil moisture on the unburned floodplain, either of which could
overshadow the effect of nutrient release from decaying wood in the logjam when burned and
unburned sites are considered together.

Burn severity also decreases soil biological activity in forests by altering soil chemistry
through leaching or volatilization, decreasing soil moisture, and killing soil microbial and fungal
communities (Poff, 1996). Both living and dead soil microbes contribute to the biogeochemical
cycling of soil nutrients and are critical to the sequestration of organic matter within soil (Sokol
et al., 2022). The magnitude and type of effect of nutrient cycling and decomposition are
dependent upon the microbial population, plant community composition and resources in the
surrounding environment (Sokol et al., 2022). In burned environments, the heat from fire is lethal
to soil microbes (Poff, 1996) and these populations often require a significant amount of time,
anywhere between 4-40 years, to recover to pre-fire levels depending on the burn type, burn
severity, soil properties, ecosystem type, and climate (Hu et al., 2023). Particularly in dry, arid
environments, microbial recovery post-fire is further reduced due to the lower rate of plant

decomposition and decreased soil moisture in these climates (Hu et al., 2023).

Observations from this study suggest that the lower concentrations of nutrients in the
burned floodplain soil are indeed due to reduced microbial activity from the fire. I suspect that
floodplain logjams support healthy and rich microbial populations beneath them where there are
preexisting microbial populations present. Floodplain logjams decrease erosion and stabilize the
soil, which could be helpful to developing microbial communities, where finer soil texture
facilitates nutrient mineralization that supports greater microbial activity (Ye et al., 2024).
Additionally, coarse woody debris on upland soil increases microbial activity, and greater wood

decomposition is positively related to increased microbial activity, which directly relates to soil
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nutrient content (Kim et al., 2017). It is my assumption that there are lower nutrient
concentrations farther away from the logjams in the unburned sites because there is decreased

microbial activity away from the jams.

Alternatively, microbial activity under the logjam could also be influenced by root
exudes released by the tree that the logjam is pinned upon. Root exudates directly influence
microbial community composition and the rate of microbial respiration depending on soil
characteristics and tree species (Jing et al., 2023). Root exudates are presumably no longer
present around the dead trees that were burned but are present in the unburned floodplain where
the majority of the trees are alive and healthy. It is probable that microbial activity under the

logjam is a function of the presence of a logjam, wood decay, and tree root exudates.

The factor of how long the logjams have existed on the floodplain affects the magnitude
of effects on the underlying soil characteristics (Pettit et al., 2006). These logjams formed only
three years prior to this study. In the semi-arid environment of northern Colorado, decay is very
slow, and the wood observed in this study showed very minimal signs of decay. Logjam-related
effects on soil chemical properties might become more pronounced in the nutrient-depleted

burned soil as the wood decays and the soil recovers post-fire.

However, the logjams on the unburned floodplains — formed at the same time — show
significantly greater nutrient concentrations near the logjam. The opposing trends in Figure 17 of
soil moisture with proximity to a logjam between the burned and unburned sites may reflect
elevation of the logjam above the channel. Multivariate model results indicate that VWC is not
influenced by logjam proximity, but rather by burn status, soil texture, and topographic position
(Table 7). The patterns of soil chemical properties with respect to logjam proximity between

burned and unburned sites therefore reflect differences in soil texture, soil moisture, microbial
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communities, and topography more than the direct addition of nutrients to the soil from wood
decay.

In conclusion, the floodplain logjams likely did not directly increase the concentration of
nutrients in the underlying soil given the short amount of time since logjam formation, but rather
the logjams in the unburned sites may have indirectly increased nutrient concentrations by
supporting heathy soil microbial communities that directly alter nutrient cycling processes within

the soil (Kim et al., 2017).

4.2 Soil Moisture

The main results for soil moisture are: (i) there is significantly greater soil moisture in the
unburned floodplain; (ii) the relationship between soil moisture and distance from a logjam
exhibits opposing trends between the burned (positive relationship) and unburned (negative
relationship) floodplains; and (iii) local topography is the main control on soil moisture.

The difference in soil moisture between the burned and unburned floodplains is
interpreted to be primarily due to decreased canopy on the burned floodplain. There is
significantly less canopy cover in the burned floodplain (p<0.05), indicating vegetative recovery
after the 2020 fire is limited to the understory vegetation, whereas the tree canopy has not yet
recovered. Greater solar radiation on the burned floodplain causes increased evaporation,
reducing soil moisture. Additionally, the unburned floodplain has a consistent layer of litter and
organic detritus covering the floodplain soil, which supports greater soil moisture (Deutsch et al.,
2010).

I hypothesized that floodplain logjams would increase soil moisture directly beneath and

nearest to the logjam, with a linear, decreasing trend in soil moisture with distance from the
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logjam. The data from this study showed an interesting trend, where the soil moisture decreases
with distance from a logjam only on the unburned floodplain. The burned floodplain showed an
opposite trend, where soil moisture increases with distance from the logjam. These opposing
trends might primarily be a local effect due to differences in floodplain topography between the
burned and unburned sites. The width of the floodplain at the burned site is much smaller and the
distance between the two logjams that were analyzed is shorter than the distance between the
logjams on the unburned floodplain. Moving away from a logjam on the burned floodplain
equates to simultaneously moving closer to the active channel, an ephemeral side channel, or
another floodplain logjam. The unburned floodplain is also much larger in area, with greater
distance between floodplain features including logjams, channel banks and ephemeral side
channels. Moving away from a logjam on the unburned floodplain, there are fewer confounding

effects from soil moisture associated with proximity to the main or side channel.

The conflicting logjam proximity and moisture trends between the burned and unburned
floodplains causes the logjams proximity variable to not be a significant predictor of soil
moisture when the burned and unburned sites are analyzed together. From multivariate model
testing for soil moisture, the best fit models exclude the logjam proximity. The conflicting trends
between the burned and unburned floodplains for soil moisture with distance from a logjam
result in no consistent trend between logjam proximity and soil moisture content when all sites
are considered together. Logjam proximity is only a significant predictor variable of soil
moisture when analyzing the burned and unburned site independently.

Rather than including logjam proximity as a predictor variable, multivariate model
analysis showed that the best fit models included burn status, soil texture, and horizontal distance

from the active channel as predictor variables of volumetric water content (these models also
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included sampling date as a random effect to account for variation between sampling dates).
There is a significant difference in soil moisture between the burned and unburned floodplains,
hence this variable is included in the model. Soil texture is closely related to soil moisture
because the texture determines the soil’s water-holding capacity and the infiltration rates of
water through the soil profile (Dong & Ochsner, 2018). The data show significant trends between
distance from the active channel and soil moisture, indicating that the distance from the channel
is a significant control on floodplain soil moisture. This result suggests that a primary influence
on soil moisture is the local topography/floodplain elevation. This conclusion is additionally
supported by the statistically significant negative relationship between soil moisture and
elevation above bankfull, where soil moisture decreases with higher elevation. Consequently,
burn status, soil texture, and floodplain topography collectively are most influential on floodplain
soil moisture.

Another interesting and unexpected result is that soil moisture increases with distance
from the channel. A hypothetical river corridor that contains even, symmetrical banks and a
floodplain surface that gradually increases in elevation with distance from the channel should
exhibit a consistent linear trend of decreasing soil moisture with distance from the channel. The
trend in Figure 20, showing the relationship between soil moisture and distance from the active
channel, is the opposite of this hypothetical scenario. This reflects the heterogeneity of the actual
floodplain topography, in which upwelling groundwater contributes to variation in soil moisture
throughout the floodplain. For both floodplains observed in this study, ephemeral side channels
were present, which are small channels parallel to the main channel fed by upwelling
groundwater that flows intermittently during the wet seasons. These side channels are located at

lower elevations, or depressions in topography where surface water puddles and vadose zone
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moisture is closer to the surface. Field observations indicate that topographically low areas of the
floodplain can have standing water early in the snowmelt runoff season, while higher portions of
the floodplain remain dry (Figure 31). The increase in soil moisture with distance from the
channel can be attributed to the presence of these ephemeral side channels that are positioned on
the outer edges of both floodplains.

Topographic

‘/ high point( dry)\

Floodplain

\Topﬂgraphic
low point (wet)

Intermittent
Side Channel

Figure 31. Conceptual floodplain topography cross section. Blue shading depicts moist soil, which is
greatest near the river and topographic depressions, such as the intermittent side channel. Tan shading

depicts dry soil, located at higher elevations within the floodplain.

4.3 Vegetative Survey

The primary results for the vegetative survey include: (i) plant abundance increases with
distance from a logjam; (ii) plant abundance is greater in the burned floodplain; and (iii) there is

greater species richness in the burned floodplain.

Plant abundance and vegetated area essentially represent the same characteristic. |
surveyed both in case one provided a more accurate representation of the vegetative trends
observed in the field, both qualitatively and statistically. This decision to measure both plant
abundance and vegetated area was informed by confusion while counting grasses. When

surveying grass, one plant is counted as one individual specimen on the abundance survey, but
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often one specimen of grass covers a very large area of the plot. In some cases, there would only
be three plants counted, but over 50% of the plot was filled with vegetation because the grass
covered a large portion of the plot area. However, the trends between plant abundance and
vegetated area against logjam proximity and burn status show nearly the same results. Going
forward, I will reference plant abundance as this is a more commonly used vegetation metric, but

this is also representative of the results for the vegetated area parameter.

I initially hypothesized that there would be greater plant abundance closer to the logjam
due to increased soil moisture and nutrient content closer to the jams. Not only was the
assumption of increased soil moisture closest to the jam not supported when considering both
burned and unburned sites, but the main control on plant abundance proved to be the canopy
cover. There is a linear trend between solar exposure and distance to a logjam, with greater solar
exposure farther away from the logjams because all the logjams observed in this study were
pinned by standing trees. These trees that pinned the wood shaded the area closest to the logjam.
This is a phenomenon that is commonly seen among floodplain logjams, where wood pinned by
other trees is a major mechanism by which floodplain logjams form (Lininger et al., 2021).

The influence of solar exposure also explains why there was greater plant abundance on
the burned floodplain. Due to the lack of overstory vegetation recovery post fire, there is
significantly less canopy cover on the burned floodplain. Despite having lower soil nutrient
content and soil moisture in the burned floodplain, the greater solar exposure supported the
growth of more plants. If soil fertility or soil moisture was the main control on plant abundance,
plant abundance would be greater on the unburned floodplain since this site had increased soil
moisture and greater organic matter, carbon, nitrogen and phosphorus concentrations in the soil.

The same controls seem to influence species richness. There is greater species richness in the
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burned floodplain because there are simply more plants present there. Furthermore, sites with

greater plant abundance contained a greater variety of plant species.

4.4 Updated Hypotheses

Figure 32 depicts the table of my original hypotheses but corrected based on the results of
this study. Incorrect hypotheses included predictions related to plant abundance and species
richness, as well as the relationship between soil moisture and logjam proximity. A missing
component to this conceptual model of hypothesized relationships is the confounding effects
from multiple independent variables acting on one dependent variable. For example, the
strongest predictors of soil moisture are both topography and soil texture together. This
conceptual model only considers univariate relationships between one independent and
dependent variable, which is helpful to quantify direct relationships, but is highly oversimplified

compared to reality.

Key Dependent Variables
+:indicates positive relationship

- :indicates negative relationship
Blank: hypothesis not tested

Soil Property Soil Moisture Plant Abundance/ Plant Species

*: relationship NOT statistically significant Content VEgetatEd Area Richness
Logjam proximity * * *
“.. with greater proximity to a logjam.” + T |

Both burned/unburned floodplains
* * *
Burned floodplain only I I =
' * e *
Unburned floodplain only ./

Topography
“As elevation above the channel increases ...”

Soil Texture
“As soil texture becomes finer...”

Independent variables

Burn Status
“A burned floodplain will have greater(+)/ e +
lesser(-) compared to unburned

floodplains”
creen:Orgnat ypotnsi onect
Figure 32. Hypothesis table updated with the actual relationships.

1 +1+11
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4.5 Implications for River Restoration

This research provides insight into the value of floodplain logjams in the context of river
restoration. Currently, wood is most commonly implemented within the active channel
(Grabowski et al., 2019) or placed on forest floors outside of river corridors (Goldin &
Hutchinson, 2014; Parmenter & Losleben, 2023). There is less awareness of the benefits of
introducing wood in a floodplain environment. The results of this study show that there are many
ecological benefits of logjams on river floodplains. Floodplain logjams help retain soil nutrients,
thereby increasing soil fertility, and have the potential to support healthy soil microbial
communities. Other studies likewise indicate that floodplain logjams create resource-rich niches
throughout the floodplain that provide ideal conditions for plant colonization (Pettit & Naiman,
2006), resources for microbial activity (Lu et al., 2023), and diverse habitat for terrestrial
organisms (Maser, 1984). Decaying downed wood is a common substrate for fungi and biofilms
(Maser, 1984). Additionally, floodplain logjams provide many geomorphic benefits, such as
creating spatial heterogeneity within the river corridor (Wohl et al., 2022), increasing resilience
to disturbance (Pettit & Naiman, 2005), and reducing flood hazards (Wohl, Lininger, et al.,
2018).

There has been legitimate debate around the introduction of large wood into the active
river channel. Some of the arguments against placing wood into the channel include that the
wood obstructs passage for boats and recreational paddlers, poses risks due to its inherent
mobility, and could be a hazard to nearby infrastructure during a flood. Floodplain logjams are
particularly unique and useful as they don’t present these hazards that in-channel structures pose,

while also providing many benefits to the whole river ecosystem.
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Some restoration scenarios where I recommend implementing floodplain logjams are: (i)
projects seeking to increase ecological diversity/spatial heterogeneity throughout the entire river
corridor, (ii) projects that want a more “natural” solution to decrease flood velocity and reduce
flooding hazards downstream, and (iii) projects that seek to improve floodplain soil fertility
and/or increase floodplain soil stabilization. Implementation of floodplain logjams to increase
soil fertility will be most effective at sites with preexisting microbial populations already present
in the soils. For restoration in a burned area, it would be essential to supplement soil recovery by
first applying compost material containing microbes or inoculating the soil with microbes before
introducing floodplain logjams.

Implementation of floodplain logjams not only supports improved soil fertility but also
helps decrease erosion during floods. For floodplains that are particularly susceptible to erosion,
such as areas burned by wildfire, floodplain logjams could be an effective strategy to support soil
stabilization, which in turn supports plant recolonization and rich, healthy soil development and
recovery.

Floodplain logjams also help attenuate flow during floods, making them a potential flood
risk mitigation strategy. Floodplain logjams obstruct the flow and reduce the flood velocity,
thereby helping to reduce hazards downstream. By attenuating flow, there is potential to
temporarily increase soil moisture, but this floodplain soil moisture might be most effectively
retained by introducing a layer of coarse organic debris to the soil. Particularly in burned areas,
the impact from solar exposure increasing evaporation from the soil is the primary concern for

reduced soil moisture, requiring a solution that protects large areas of soil from evaporation.

An important consideration of floodplain logjam implementation is the sourcing of wood

and the most effective location for a floodplain logjam. In an ideal scenario, wood should be

63



sourced from within the watershed where restoration is taking place, ideally collecting
preexisting downed wood. Available wood recruitment and sufficiently large flows for
floodplain logjam creation should be present, either currently or at least historically, at sites
considered for floodplain logjam introduction. If a site is lacking in processes for natural
floodplain logjam creation, careful consideration should be taken before introducing floodplain
logjams. If a floodplain logjam would not have formed there naturally without human
intervention, then implementing floodplain logjams in that setting could create new, unintended,
or unpredictable challenges. Additionally, site selection should consider locations with strong
standing trees for effective logjam placement. Natural floodplain logjam creation occurs via
pinning by standing trees or boulders. Using floodplain logjams in restoration should mimic this
natural process for two reasons: the logjam will be able to persist after big flows, capture new
wood and grow in size over time if it is stabilized by a standing tree or boulder; and this ensures
that the floodplain logjam will not become a hazard during floods, but rather is stable enough to

reduce flood velocity and decrease hazards downstream.

4.6 Suggestions for Future Work

A major limitation of this study was that the logjams observed were quite young, having
formed only three years ago, and showed very little signs of decay. It would be interesting to
repeat this study with logjams that have remained stationary for a long period of time and show
greater levels of decay. Additionally, it would be interesting to compare logjams with notably
different decay stages, to see the magnitude of the effect that logjams have on soil chemical

properties throughout the decay process.
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An unexpected direction this study took was the inferred influence of microbial activity
on soil chemical properties. Future studies could analyze the diversity of microbial populations,
the size of these communities, and/or the amount of microbial activity occurring in the soil
surrounding floodplain logjams. Such a study could have a similar design to this one, with soil
samples collected at sequential distances from a logjam, on both a burned and an unburned

floodplain, to determine how the presence of a logjam impact soil microbes.
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5. CONCLUSIONS

In conclusion, this research sought to expand our understanding of how floodplain
logjams alter floodplain soil biogeochemistry, impact riparian vegetation, and influence sediment
deposition/erosion during floods, particularly in a post-fire landscape (Figure 33). Soil chemistry
is partly a function of logjam proximity, soil texture, and presumably, microbial activity.
Floodplain soil moisture is predominantly controlled by the local topography, in addition to the
soil texture and burn status. Plant abundance and species richness are most directly influenced by
solar exposure; burned floodplains with minimal canopy have greater solar exposure and
therefore greater plant abundance. Regardless of burn status, floodplain logjams reduce erosion
closest to the jam during high flows, therefore contributing to significant fine sediment
deposition underneath and near floodplain logjams. This increase in fine sediment nearest to the
jams had significant impacts on soil nutrient retention and has implications for soil moisture and
microbial activity. Logjam proximity and burn status aside, it is critical to acknowledge that the
sites observed in this study were not located at the same elevations relative to the active channel.
It is highly likely that the greater soil moisture which supports increased biological activity and
thus greater soil nutrient content is a product of the topography and the elevation of the logjam

within the floodplain, in addition to the burn status and logjam proximity.

Despite these complicated and interrelated relationships between burn status, soil texture,
and topography, floodplain logjams are highly supportive of a resilient and healthy river
corridor. These logjams create patches throughout the floodplain that are rich in resources and
niches utilized by a wide variety of organisms, seen and unseen. In addition to being a critical
carbon sink, floodplain logjam decay sequesters nutrients into the soil, and the wood becomes a

substrate for fungi and vascular plants to thrive, increasing biodiversity. Floodplain logjams
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increase spatial heterogeneity, slow overbank flow, contribute to sediment and wood deposition,
and create side channels, all of which have the potential to mitigate downstream flood risks.
Protecting existing floodplain logjams, and strategically introducing new ones in restoration

design, are critical actions for building healthy and resilient rivers in the face of future change.

Burned «— Cameron Peak Fire - 2020 ~~ Unburned

UNutrients | Moisture | Canopy TErosion
4 Microbes { Litter/duff L Understory Vegetation

LEC Flood - 2022

| ‘ * No major impact/ changes from fire*

1) Flood transports downed wood throughout river corridor
2) Floodplain logjam creation via pinning by upright trees
3) Fine sediment deposition under logjam as flood wanes

Floodplain logjam creation - 2022
* Canopy continues developing

* Understory vegetation recovers I I
+ Litter and duff present

* Minimal canopy recovery Study sampling - 2025
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Figure 33. Conceptual model of study results comparing the burned and unburned floodplains. Darker
colored boxes represent larger quantities of that parameter (lighter color represent lower quantities).

Greater soil nutrient content and soil moisture occurred in the unburned floodplain.
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7. APPENDIX

7.1 Additional Results & Figures

Table 10. Logjam characteristics, observations, and written descriptions

Floodplain location Logjam label GPS coordinates
Burned floodplain — downstream logjam Burn_a
- Minimal amount of CPOM in jam 105.5568569°W
- Higher porosity with many open pockets for air circulation 40.6218431°N

- Larger willow bushes growing through the middle of jam
- No pieces >10 cm in diameter

- Located very close to the active channel

- Cobble bar on the upstream side of jam

Burned floodplain — upstream logjam Burn_b
- 10% of pieces are burnt to a medium level of char 105.5569297°W
- Lots of CPOM on the top of the jam 40.6218538°N

- Some decayed bark — decay class 2

- Compound shape

- Very few pieces are >10 cm in diameter

- Open pockets for air circulation at the base
Pinned by a live conifer tree

2nd Burned floodplain Burn_c
- 25% of pieces are burnt to a medium level of char 105.5571154°W
- 40% of interstitial spaces are filled with CPOM 40.6218128°N
- Minimal bark with hard wood — decay class 2A

Unburned floodplain — downstream logjam Unburn_a
- Some CPOM on top of jam 105.5418655°W
- 5% of pieces burnt to a medium level of char 40.6171738°N

- Some decayed bark but mostly hard wood — decay class 2
- Lots of open pore space for air circulation

- Pinned by 4 trees; 3 conifers and 1 aspen

- East side is close to a groundwater-fed intermittent stream

Unburned floodplain — upstream logjam Unburn_b
- Lots of CPOM and pine cones on top of the jam 105.5418771°W
- 10% of pieces are burnt to a medium level of char 40.6170229°N

- Some bark and mostly hard wood — decay class 2
- Minimal pore space for air circulation

- Compound shape
Pinned by 2 live conifers
2nd Unburned floodplain Unburn_c
- Lots of CPOM on the top and front areas of the jam 105.5460978°W
- 5% of pieces are lightly burnt to a low char level 40.6171831°N

- Lots of fully attached bark — decay class 1
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Table 11. Bank elevations for each logjam

Floodplain; logjam Bank Elevation (m)
Burned floodplain; logjams burn_a & burn_b 2516.31
Burned floodplain; logjam burn_c 2517.542
Unburned floodplain; logjams unburn _a & unburn_b 2458.396
Unburned floodplain; logjam unburn_c 2472915
7504
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Figure 34. Box and whisker plot results for potassium and nitrate between

sampling depth categories.
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Figure 35. Relationship between pH and sulfur with quantitative sampling depth.

Table 12. Table for all model statistical results not previously reported in the main text

pH

Sulfur (ppm)

Output variable  Input variable Estimate Confidence Interval p-value

Organic Matter Distance from a logjam -0.861 [-1.86, 0.14] 0.0892

Total Carbon Distance from a logjam -0.652 [-1.31, 0.01] 0.0513

Total Nitrogen Distance from a logjam -0.025 [-0.05, 0.01] 0.0823

Phosphorus Distance from a logjam -1.914 [-5.21, 1.38] 0.246

Organic Matter Distance from a logjam (Burned -0.020 [-0.93, 0.89] 0.965
floodplain only)

Total Carbon Distance from a logjam (Burned -0.091 [-0.59, 0.41] 0.706
floodplain only)

Total Nitrogen Distance from a logjam (Burned = -2.94e-5 [-0.02, 0.02] 0.998
floodplain only)

Phosphorus Distance from a logjam (Burned -0.410 [-2.92, 2.10] 0.735
floodplain only)

Organic Matter Distance from a logjam -1.75 [-3.50, -0.01] 0.049
(Unburned floodplain only)

Total Carbon Distance from a logjam -1.25 [-2.44, -0.06] 0.041
(Unburned floodplain only)

Total Nitrogen Distance from a logjam -0.051 [-0.01, -0.002] 0.041
(Unburned floodplain only)

Phosphorus Distance from a logjam -3.74 [-9.34, 1.87] 0.175

(Unburned floodplain only)
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Sulfur (ppm) Quantitative depth (in) 0.360 [0.12, 0.60] 0.0039

pH Quantitative depth (in) -0.036 [-0.05, -0.02] <0.0001

Nitrate (ppm) Categorical depth 2.20 [0.07, 4.33] 0.0431

Potassium (ppm)  Categorical depth 110.76 [2.55.218.97] 0.0451

VWC Distance from a logjam -0.005 [-0.01, 0.004] 0.278

VWC Distance from a logjam (Burned 0.027 [0.02, 0.04] <0.0001
floodplain only)

VWC Distance from a logjam -0.028 [-0.04, -0.02] <0.0001
(Unburned floodplain only)

VWC Elevation above bankfull -0.017 [-0.09, 0.05] 0.6408

Plant abundance Zone 9.68 [8.13,11.2] 0.013

Plant abundance Zone (Burned floodplain only) 14.41 [11.3,17.5] 0.215

Plant abundance Zone (Unburned floodplain 7.65 [6.12,9.18] 0.095
only)

Plant abundance Burn status -7.91 [-9.75, -6.06] <0.0001

Species richness Zone 3.61 [3.29, 3.92] 0.054

Species richness Zone (Burned floodplain only) 4.56 [4.08, 5.05] 0.936

Species richness Zone (Unburned floodplain 3.20 [2.82, 3.58] 0.071
only)

Species richness Burn status -1.15 [-1.54,-0.76] <0.0001

Vegetated area Zone 14.89 [11.17, 18.62] 0.01535

Vegetated area Zone (Burned floodplain only) 27.21 [17.9, 36.5] 0.106

Vegetated area Zone (Unburned floodplain 9.62 [6.96, 12.3] 0.223
only)

Vegetated area Burn status -20.31 [-24.70, -15.93] 2.2e-16

Canopy cover Distance from a logjam 95.45 [94.54, 96.35] 1.2e-6

Canopy cover Distance from a logjam (Burned 94.32 [92.38, 96.26] 1.55e-7
floodplain only)

Canopy cover Distance from a logjam 95.93 [95.27, 96.60] 0.353
(Unburned floodplain only)

Canopy cover Burn status 5.83 [4.78, 6.88] 2.2e-16

Soil texture Distance from a logjam -0.382 [-0.72,-0.04] 0.0308
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Table 13. Densiometer values, measurement location, solar exposure, and canopy cover estimates

Logjam  Location of Densiometer value Solar exposure Canopy cover
measurement (# of obstructed (# open (%)
intersections) intersections)
Burn_a Im away (NW) 31 6 93.76
1.5m away (N) 34 3 96.88
Im away (SE) 25 12 87.52
2m away (SW) 33 4 95.84
Burn_b Near (North) 36 1 98.96
Im away (N) 22 15 84.4
2m away (N) 21 16 83.36
Burn_c Near (S) 32 5 94.8
0.5m away (S) 29 8 91.68
Im away (S) 11 26 72.96
Near (N) 26 11 88.56
0.5m away (N) 23 14 85.44
Im away (N) 24 13 86.48
Unburn_a  0.5m away (N) 35 2 97.92
0.5m away (E) 32 5 94.8
0.5m away (S) 36 1 98.96
0.5m away (W) 35 2 97.92
Unburn b 0.5m away (N) 35 2 97.92
0.5m away (E) 36 1 98.96
0.5m away (S) 34 3 96.88
0.5m away (W) 29 8 91.68
Unburn ¢ Near (S) 31 6 93.76
0.5m away (S) 32 5 94.8
1m away (S) 32 5 94.8
Near (N) 29 8 91.68
0.5m away (N) 26 11 88.56
Im away (N) 25 12 87.52
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Table 14. Significance and interpretations of all model results

Model (outcome ~ predictor) Significant? Interpretation
Organic matter ~ Logjam proximity No There is no statistical evidence to support a relationship between soil *organic
matter content and the presence of a logjam, including both burned and
Including unburned floodplains.
ﬂoolzglhains Carbon ~ Logjam proximity No M * carbon content
Nitrogen ~ Logjam proximity No M * nitrogen content
Phosphorus ~ Logjam proximity No M *phosphorus content
Organic matter ~ Logjam proximity (Burned area) No There is no statistical evidence to support a relationship between soil *organic
matter content and the presence of a logjam on the burned floodplain.
B Z; ’;;d Carbon ~ Logjam proximity(Burned area) No M * carbon content
Nitrogen ~ Logjam proximity(Burned area) No M * pitrogen content
Phosphorus ~ Logjam proximity(Burned area) No M *phosphorus content
Organic matter ~ Logjam proximity(Unburned area) Yes There is statistical evidence to prove that there is a relationship between soil
*organic matter content and logjam proximity on the unburned floodplain.
Unburned | Carbon ~ Logjam proximity(Unburned area) Yes M * carbon content
only Nitrogen ~ Logjam proximity(Unburned area) Yes M * pitrogen content
Phosphorus ~ Logjam proximity(Unburned area) No There is no statistical evidence to support a relationship between soil
*phosphorus content and the presence of a logiam on the unburned floodplain.
Organic matter ~ Burn status Yes There is statistical evidence to prove that there is a relationship between soil
Compare *organic matter content and burn status, regardless of logjam proximity.
burned & | Carbon ~ Burn status Yes M * carbon content
unburned | Njitrogen ~ Burn status Yes M * pitrogen content
Phosphorus ~ Burn status Yes M * phosphorus content
Organic matter ~ Logjam proximity + Soil texture Yes There is statistical evidence to prove that there is a relationship between soil
Including *organic matter content and the presence of a logiam when the soil texture is
both accounted for.
floodplains | Carbon ~ Logjam proximity + Soil texture Yes M % carbon content
Nitrogen ~ Logjam proximity + Soil texture Yes M * pitrogen content
Compare | Phosphorus ~ Logjam proximity + Soil texture + Yes There is statistical evidence to prove that there is a relationship between soil
burned & | Burn status phosphorus content and the presence of a logjam when the soil texture and the
unburned burn status are accounted for.
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Including | Soil moisture ~ Logjam proximity No There is no statistical evidence to support a relationship between soil moisture
both and the presence of a logjam when including both the burned and unburned
floodplains floodplains.
Burned | Soil moisture ~ Logjam proximity (Burned area) Yes There is statistical evidence to prove that there is a relationship between soil
only moisture and presence of a logjam on the burned floodplain only.
Unburned | Soil moisture ~ Logjam proximity (Unburned area) Yes There is statistical evidence to prove that there is a relationship between soil
only moisture and presence of a logjam on the unburned floodplain only.
Compare | Soil moisture ~ Burn status Yes There is statistical evidence to prove that there is a relationship between soil
ZZZ’Z;Z:;‘[ moisture and burn status, regardless of logjam proximity
Soil moisture ~ Elevation above bankfull Yes There is statistical evidence to prove that there is a relationship between soil
moisture and the elevation above bankfull flow.
]”‘Zz;ii”g Soil moisture ~ Distance from the channel Yes There is statistical evidence to prove that there is a relationship between soil
floodplains moisture and the distance from the active channel.
Soil moisture ~ Soil texture Yes There is statistical evidence to prove that there is a relationship between soil
moisture and the soil texture.
Compare | Soil moisture ~ Distance from the channel + Soil Yes There is statistical evidence to prove that there is a relationship between soil
burned & | texture + Burn status + Sampling date moisture and the distance from the channel when the soil texture, burn status,
unburned and sampling date are accounted for.
Including | Plant abundance ~ Zone Yes There is statistical evidence to prove that there is a relationship between plant
ﬂoobd;tl}; i abundance and distance from a logjam including both floodplains.
Burned | Plant abundance ~ Zone (Burned area) No There is no statistical evidence to support a relationship between plant
only abundance and distance to a logjam on the burned floodplain only.
Unburned | Plant abundance ~ Zone (Unburned area) No There is no statistical evidence to support a relationship between plant
only abundance and distance to a logjam on the unburned floodplain only.
Compare | Plant abundance ~ Burn status Yes There is statistical evidence to prove that there is a relationship between plant
burned & abundance and burn status, regardless of logjiam proximity.
unburned
Including | Plant species richness ~ Zone No There is no statistical evidence to support a relationship between species
ﬂoobo;tZz - richness and distance from a logjam, including both floodplains.
Burned | Plant species richness ~ Zone (Burned area) No There is no statistical evidence to support a relationship between species
only richness and distance to a logjam on the burned floodplain only.
Unburned | Plant species richness ~ Zone (Unburned area) No There is no statistical evidence to support a relationship between species
only richness and distance to a logjam on the burned floodplain only.
Compare | Plant species richness ~ Burn status Yes There is statistical evidence to prove that there is a relationship between plant
Zz[rj’;erie‘fi species richness and burn status, regardless of logjam proximity.
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Including | Vegetated area ~ Zone Yes There is statistical evidence to prove that there is a relationship between
ﬂooba?ptl}; ins vegetated area and distance from a logjam including both floodplains.
Burned | Vegetated area ~ Zone (Burned area) No There is no statistical evidence to support a relationship between vegetated
only area and distance to a logjam on the burned floodplain only.
Unburned | Vegetated area ~ Zone (Unburned area) No There is no statistical evidence to support a relationship between vegetated
only area and distance to a logjam on the unburned floodplain only.
Compare | Vegetated area ~ Burn status Yes There is statistical evidence to prove that there is a relationship between
Z Zg’;eriji vegetated area and burn status regardless of logjam proximity.
Including | Canopy cover ~ Logjam proximity Yes There is statistical evidence to prove that there is a relationship between
ﬂoobaj;fil - canopy cover and distance from a logjam including both floodplains.
Burned | Canopy cover ~ Logjam proximity (Burned area) Yes There is statistical evidence to prove that there is a relationship between
only canopy cover and distance to a logjam on the burned floodplain only
Unburned | Canopy cover ~ Logjam proximity (Unburned area) No There is no statistical evidence to support a relationship between canopy cover
only and distance to a logjam on the unburned floodplain only
Compare | Canopy cover ~ Burn status Yes There is statistical evidence to prove that there is a relationship between
ZZZZ?Z; canopy cover and burn status regardless of logiam proximity.
Including | Soil texture ~ Logjam proximity Yes There is statistical evidence to prove that there is a relationship between soil
ﬂool;'OptZz ins texture and distance from a logjam including both floodplains.
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7.2 Data Tables

Table 15. Nutrient analysis data
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burn_a Burned 0 0.5 upper 6.7 0.05 4 1 24 419 2 298 0.16 19 11.025 2516.457 0.146543 0.9
horizon

burn_a Burned 0 7.86 lower 6.2 0.08 7.4 <l 23 262 8 423 0.23 18 11.025 2516.457 0.146543 0.9
horizon

burn_a Burned 0.5 0.5 upper 6.4 005 5.08 4 22 309 2 35 0.17 21 7.221 2516471 0.161436 0.8
horizon

burn_a Burned 0.5 6.29 lower 6.2 0.12 8.27 <l 28 242 6 466 025 19 7221 2516471 0.161436 0.8
horizon

burn_a Burned 1 0.5 upper 6.3 007 7.6l 4 24 401 3 471 0.23 20 7.221 2516471 0.161436 0.7
horizon

burn_a Burned 1 9.04 upper 6.6 0.06 7.7 <l 21 300 6 4.53 022 21 7.221 2516471 0.161436 0.7
horizon

burn_a Burned 2 0.5 lower 6.6 0.1 8387 1 37 679 4 519 027 19 12.812 2516.439 0.128965 1.2
horizon

burn_a Burned 2 10.22 upper 6.1 0.07 6.1 <l 15 146 8 3.53 0.16 22 12.812 2516.439 0.128965 1.2
horizon

burn_a Burned 3 0.5 lower 6.4 004 3.73 1 17 228 2 266 0.12 22 17.16 2516.402 0.091855 1.5
horizon

burn_a Burned 3 7.86 upper 6.1 0.04 12.04 3 24 151 14 578 0.3 19 17.16  2516.402 0.091855 1.5
horizon

burn_b Burned 0 0.5 upper 59 0.18 6.07 19 28 456 11 579 0.21 28 10.588 2516.947 0.636533 1.8
horizon

burn_b Burned 0 14.15 Ilower 6 0.08 5.86 <l 15 136 8 271 0.13 21 10.588 2516.947 0.636533 1.8
horizon

burn_b Burned 1 0.5 upper 6.3 0.05 3.99 <1 8 208 5 464 0.21 22 9.067 2517.013 0.702695 2.3
horizon

burn_b Burned 1 7.86 lower 59 0.05 4.07 <1l 13 213 7 1.86 0.08 23 9.067 2517.013 0.702695 2.3
horizon

burn_b Burned 2 0.5 upper 6.8 005 447 <l 27 419 2 215 0.1 22 11.163 2516.975 0.665342 1.5
horizon
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unburn_b Unburned 1 11.79 upper 58 0.1 771 2 27 171 6 4.69 0.26 18 18.358 2459.154 0.758053 15.8
horizon
unburn_b  Unburned 2 0.5 lower 6.3 0.04 14.58 <1l 53 157 5 947 041 23 18561 2459.161 0.765133 153
horizon
unburn_b Unburned 2 11 upper 6.2 0.04 439 <1 19 863 3 266 0.15 18 18.561 2459.161 0.765133 153
horizon
unburn_b  Unburned 4 0.5 lower 6.4 0.05 7.78 <1l 40 129 4 559 026 22 20963 2459.132 0.735836  15.1
horizon
unburn_b Unburned 4 10.61 upper 6 005 588 <1l 18 19%4 5 254 0.15 17 20963 2459.132 0.735836 15.1
horizon
high dry Unburned 0.5 upper 6.7 0.13 17.42 2 43 106 14 1045 0.52 20 14.745 2459.319 0.923336  7.64
horizon
high dry Unburned 14.54 lower 6.2 0.09 425 <1 18 317 12 1.52 0.08 19 14745 2459319 0.923336 7.64
horizon
low_wet  Unburned 0.5 wupper 6.6 0.04 12.71 1 52 391 5 886 039 23 21.026 2458.808 0.41235 17.42
horizon
low_wet  Unburned 8.25 lower 6.3 0.07 5.06 <1l 25 130 6 247 0.16 15 21.026 2458.808 0.41235 17.42
horizon
Table 16. Moisture analysis data
Site ID Sampling GWC VWC Soil Elevation Elevation Distance Distance Burn Sample
date Texture difference to logjam to channel status number
burn_b 8 4 0.061453 0.054057 10.58824 2516.947  0.636533 0 2.7 burned BMI1
burn_b 8 4 0.072351 0.054206 9.066667 2516.978  0.667783 1 1.6 burned BM2
burn_a 8 4 0.127175  0.08087 11.025 2516.726 0.41583 0 1.25 burned BM3
burn_a 8 4 0.074463 0.067993 11.025 2516.712  0.402402 1 3.3 burned BM4
high dry 8 4 0.141492 0.074024 8.351852 2516.849  0.539121 3.58 burned BMS5
low_wet 8 4 0.097469 0.092043 8.171429 2516.478  0.167783 6 burned BM6
bank 8 4 0.100917 0.097882 11.27273 2516.444 0 0 burned BM7
burn_a 8 4 0.123355  0.09195 3.7 2516.456  0.146055 4.72 1.08 burned BMS
burn_a 8 4 0.625767 0.289616 3.7 2516.436  0.125791 4.5 1.5 burned BM9
burn_a 8 4 0.433735 0.273797 3.7 2516.399 0.08917 4.22 2.4 burned BM10
burn_a 8 4 0.094041 0.05162 11.27273 2516.52  0.209775 2.62 1.2 burned BMI11
burn_a 8 4 0.212437 0.162776 7.220588 2516.604  0.294492 1.27 2 burned BM12
burn_a 8 4 0.058219 0.074901 17.27273 2516.565  0.254941 2.5 4.5 burned BM13
burn_a 8 4 0.159517 0.186182 14.12329 2516.656  0.346494 2.5 5.14 burned BM14
burn_b 8 4 0.070241 0.065435 14.43636 2516.727 0.416563 3.8 5.25 burned BM15
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0.121687

0.30975
0.133096
0.143743

0.31943
0.205348
0.098286
0.348469
0.294858
0.106477

0.13975
0.175686
0.091266
0.287487
0.437522
0.422735
0.358218
0.372301
0.164867
0.618895
0.483311
0.577034
0.668806
0.336242

8.171429
17.27273
17.16

3.7

3.7

3.7
11.27273
11.27273
12.25532
17.27273
18.17647
20.31481
12.66197
11.16327
21.57143
19.90476
21.57143
19.90476
14.43636
14.43636
14.12329
7.220588
12.81176
11.025
13.52941
24.30986
18.35802
31.63235
9.88
14.74468
21.02632
19.39216
9.88
16.98246
10.59259

2516.477
2516.448
2516.422
2516.408

2516.39
2516.394
2516.534
2516.476
2516.544
2516.637
2516.766

2516.69
2516.774
2516.924
2516.878
2516.854
2516.842
2516.921
2516.652
2516.595
2516.733

2516.65
2516.799

2516.94

2516.71

2459.13
2459.144
2458.935
2458.893
2459.226
2458.872
2458.835
2458.783
2458.611
2458.591

93

0.166807
0.138242
0.112119
0.097715
0.080381
0.083799
0.224424
0.166074
0.233701
0.326719
0.456
0.379941
0.463682
0.613828
0.56793
0.543516
0.532041
0.611387
0.342344
0.285215
0.422666
0.340391
0.489072
0.629697
0.399717
0.733639
0.748287
0.539059
0.496578
0.829586
0.47607
0.438717
0.386715
0.215328
0.19482

3.5
33
3.9
5.17
4.8

2.25
2.2
1.95
0.7

0.7

2.65

1.25
0.75
3.75

1.9

6.56
4.75
3.65
3.75

1.8
2.75

0.6
33

1.3
1.4
1.85
2.75
4.5
4.15
3.8
5.5

4.38
2.6

3.25
53
16
16.8
11.93
11.46
3.2
17.42
13.96
13.25
13.4
8.8

burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned

BM6
BM7
BMS
BM9
BM10
BMI11
BM12
BM13
BM14
BM15
BM16
BM17
BM18
BM19
BM20
BM21
BM22
BM23
BM24
BM25
BM26
BM27
BM28
BM29
BM30
UMI1
UM2
UM3
UM4
UMS5
UM6
UM7
UMS
UM9
UM10



unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
bank
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
burn_b
burn_b
high_dry
burn_a
burn a
low_wet
burn a
burn_a
burn_b
burn_b
burn_b
burn_b
burn a
burn_a
burn_a

6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
6 23
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69

0.409091
0.425743
0.2
0.186813
0.261905
0.242424
0.195652
0.16
0.153846
0.204545
0.685714
0.454545
0.5
0.714286
0.512195
0.469136
0.521127
0.754717
0.435185
0.493151
0.243243
0.24
0.266667
0.195652
0.314815
0.170732
0.109375
0.28125
0.461538
0.371429
0.428571
0.227273
0.271739
0.263889
0.288889

0.24467
0.416226
0.111106
0.164555
0.140549
0.164867
0.114995
0.127772
0.106477
0.164278
0.414395

0.31943

0.42407
0.465835
0.353054
0.404611
0.387505
0.412167
0.484297
0.410695

0.22548
0.136898
0.189292

0.16911
0.252572
0.203273

0.1118
0.191658
0.273797
0.259537
0.198267
0.171123
0.241992
0.209281
0.207629

27.09091
27.09091
16.34146
16.34146
16.34146
19.90196
9.357965
5.483229
17.86486
20.96296
12.5
18.93878
18.56098
20.96296
20.96296
18.56098
18.35802
18.35802
18.93878
17.06897
24.78
9.069999
8.351852
20.30999
17.54
8.171429
17.27
17.54
21.57
13.53
19.89999
24.78
11.02999
20.30999
14.11999

2458.61
2458.719
2458.659
2458.802
2458.899
2459.044
2458.797
2459.363
2459.577
2459.787
2459.402
2459.138
2459.182
2459.178
2459.326
2459.186
2459.226
2459.228
2459.082
2459.037

2516.84
2516.979

2516.94
2516.577

2516.76
2516.788
2516.537
2516.785
2516.854
2516.816
2516.924
2516.812

2516.74
2516.595
2516.717
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0.213863
0.322506
0.263424
0.406002
0.50317
0.648434
0
0.967037
1.18066
1.391354
1.005855
0.742428
0.786129
0.781979
0.929928
0.790035
0.82983
0.831783
0.685787
0.640865
0.5296
0.668516
0.630186
0.267393
0.449766
0.478086
0.226865
0.475156
0.544248
0.505674
0.614072
0.501768
0.429502
0.284727
0.407041

0
1.1

4.4
3.23
34
11.2
6.5
5.6
7.8
34
0.9

3.8
5.6
2.4
1.7
0.8
1.3
2.4

0.5

23
0.46

7
6.5
2.1
3.6
52

1.2

5.5
5.45
7.3
10.6
10.6
10.7
13.4
14.4
17
18.4
11.95
13.6
2.7

33
1.25
2.6
6.56

2.15
4.2

3.6
1.1
2.36

unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned

UM11
UMI12
UM13
UM14
UM15
UMI16
UM17
UMI18
UM19
UM20
UM21
UM22
UM23
UM24
UM25
UM26
UM27
UM28
UM29
UM30
BMI1

BM2

BM3

BM4

BMS5

BM6

BM7

BMS

BM9

BM10
BM11
BM12
BM13
BM14
BM15



burn_a
burn_a
burn_a
burn_a
burn_a
burn_a
bank
burn_a
burn_a
burn_a
burn_a
burn_a
burn_a
burn_b
burn_b
unburn_b
unburn_b
unburn_a
unburn_a
high_dry
low_wet
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
bank
unburn_a
unburn_a
unburn_a
unburn_a

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69

0.182796
0.228571
0.310345
0.338462
0.254902
0.163636
0.510204
0.36
0.188679
0.318182
0.384615
0.447368
0.666667
0.571429
0.43617
0.932203
0.698925
0.489362
0.6
0.333333
0.647059
0.405405
0.5
0.530612
0.607843
0.545455
0.403226
0.588889
0.190476
0.233333
0.633333
0.3
0.291667
0.622951
0.823529

0.184078
0.243375
0.261352
0.281098
0.180547
0.108486
0.362988
0.229989

0.1879
0.186334
0.297144
0.285805
0.464625
0.613305
0.396867
0.780828
0.648841
0.333949
0.368573
0.100873
0.484652
0.309125
0.454573
0.415259
0.521175
0.469366
0.362988
0.537453
0.141969
0.149067
0.606916
0.212953
0.194435
0.404611
0.496891

8.17

8.17

8.17
17.15999
7.21999
11.27
11.27273
12.26

3.7

3.7

3.7

3.7

17.15
14.4399
21.5699
24.30986
18.35802
31.63235
9.88
14.74468
21.02632
21.02632
15.11111
24.30986
20.96296
18.35802
17.86486
12.5
17.86486
14.74468
9.357965
14.74468
19.90196
18.84932
19.39216

2516.531
2516.535
2516.504
2516.521
2516.573
2516.382
2516.162
2516.573
2516.445
2516.409
2516.233
2516411
2516.419
2516.507
2516.864
2459.093
2459.149
2458.94
2458.734
2459.311
2458.839
2458.9
2459.061
2459.099
2459.134
2459.169
2459.113
2459.12
2459.189
2459.37
2458.348
2459.178
2459.147
2459.016
2458.808

95

0.221494
0.2254
0.193906
0.211484
0.263486
0.072324
-0.14838
0.263486
0.134824
0.098936
-0.0766
0.100889
0.109189
0.19708
0.553525
0.697262
0.752682
0.543697
0.337643
0.915035
0.442623
0.504146
0.665035
0.703365
0.737789
0.772701
0.717037
0.724361
0.793209
0.974361
0
0.782223
0.751217
0.619869
0.41235

3.16
4.1
3.12
2.42
1.7
2.2

1.8
3.6
4.5
7.25

3.75
5.6

N O = O

5.26
1.6

1.8
0.9
2.3
0.8
3.7

4.5
2.25

54
6.5
5.22
3.8
1.8
0.5

2.65
2.3

1.3

4.4
6.8
4.4
16
15.8
11.93
12.6

16.5
16.3
16
12.2
16
10.5
11.9
10
55

3.7

10.5
13.15

burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned

BM16
BM17
BM18
BM19
BM20
BM21
BM22
BM23
BM24
BM25
BM26
BM27
BM28
BM29
BM30
UMI

UM2

UM3

UM4

UMS5

UM6

UM7

UMS

UM9

UM10
UMI11
UM13
UM14
UMI15
UMI16
UM17
UMI18
UM19
UM20
UM21



unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_b
unburn_b
unburn_b
unburn_b
burn_b
burn_b
burn_b
high_dry
burn_a
burn_a
burn_a
low_wet
bank
burn_a
burn_a
burn a
burn_b
burn_b
burn_b
burn_b
burn_a
burn a
burn_a
burn a
burn_a
burn a
burn_a
burn a
burn_a
burn_a

69
69

69

69

69

69

69

69

69

519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519

0.28
0.44186
0.714286
0.263158
0.461538
0.15
0.468085
0.947368
0.56
0.294118
0.3
0.3125
0.173077
0.230769
0.31746
0.164706
0.228571
0.272727
0.205882
0.318182
0.5

0.15
0.308824
0.31746
0.388889
0.203704
0.285714
0.666667
0.190476
0.7
0.382353
0.191489
0.290323
0.342857
0.405405

0.235369
0.433512
0.435586
0.177461
0.22548
0.106477
0.369866
0.638859
0.31943
0.1879
0.191658
0.217793
0.119786
0.174234
0.220296
0.13975
0.196572
0.159715
0.203273
0.223601
0.447201
0.147429
0.239572
0.212953
0.248445
0.16732
0.218147
0.365062
0.182531
0.39459
0.24427
0.159715
0.229989
0.2473
0.391138

16.98246
16.98246
9.357143
11.64815
19.90196
14.74468
12.5
20.96296
16.60345
10.58824
9.066667
11.16327
8.351852
11.025
17.53968
12.81176
8.171429
11.27273
7.220588
17.27273
14.43636
4.45
13.52941
19.90476
2477778
20.31481
12.25532
17.16

3.7
23.76667
18.17647
8.170213
13.6129
239
14.12329

2458.569

2458.53
2458.644
2458.831

2459.27
2459.391
2459.231
2459.212
2459.219
2517.008
2516.968
2516.892
2516913

2516.71
2516.775
2516.758

2516.52

2516.33
2516.621
2516.534
2516.551
2516.579
2516.737

2516.89
2516.844
2516.662
2516.576
2516.474
2516.365
2516.424
2516.778
2516.552
2516.783

2516.77
2516.669

96

0.173092
0.133541
0.248287
0.435299
0.873775
0.995113
0.835445
0.816158
0.823482
0.697568
0.658262
0.581602
0.602842
0.399961
0.464902
0.447813
0.209531
0
0.31085
0.22418
0.240781
0.269102
0.427061
0.579893
0.534238
0.352109
0.266416
0.164365
0.055479
0.114072
0.46832
0.242002
0.472715
0.460264
0.359434

2.25
6.38

6.51
2.15
43
1.8

—

3.7
1.35
2.66

4.3

52

1.75
0.75

1.8

2.8

4.8

0.7

5.5

2.1

9.21
13.8
16.5
9.5
8.25
6.9
10
11
16.7
2.4
1.6
2.15
33
1.8
2.72
3.7
5.7

2.75
4.37
6.5
7.2
5.7
4.2
1.6

3.8

3.7
2.75
0.75

55

4.6

4.5

unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned
burned

UM22
UM23
UM24
UM25
UM26
UM27
UM28
UM29
UM30
BMI1

BM2

BM3

BM4

BMS5

BM6

BM7

BMS

BM9

BM10
BMI11
BM12
BM13
BM14
BM15
BM16
BM17
BM18
BM20
BM21
BM22
BM23
BM24
BM25
BM26
BM28



burn_a
burn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_b
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
unburn_a
low_wet
high_dry
bank
unburn_a
unburn_b
burn_b
burn b
burn_b

519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
519
9 20
9 20
9 20
9 20
9 20
9 20

0.211268
0.47619
0.557143
0.493827
0.585366
0.419753
0.469388
0.5
0.432432
0.376812
0.5
0.482759
0.465517
0.242424
0.691176
0.568627
0.576923
0.372093
0.12
0.25
0.767857
0.8
0.355556
0.2
0.490566
0.630137
0.632653
0.756757
0.195652
0.192611
0.186074
0.345229
0.129379
0.160793
0.286538

0.184286
0.245715
0.408451
0.387187
0.464625
0.329109
0.367344
0.351373
0.276263
0.251672
0.385726
0.298134
0.261352
0.138132
0.469162
0.421066
0.342246
0.276263
0.076663
0.220296
0.457849
0.204435

0.30975
0.164867
0.353412
0.473992
0.430536
0.596269
0.117341
0.135438
0.131383

0.25263
0.079857
0.077728
0.175618

12.66197
21.57143
24.30986
18.35802
18.56098
20.96296
18.93878

12.5
17.86486
12.36232
15.11111
17.06897
16.60345
19.26471
31.63235
19.39216
21.40909
9.357143

9.88
10.59259
16.98246
27.09091
8.615385
16.34146
11.64815
18.84932
19.90196
21.02632
14.74468
9.357965
9.244689
5.483229
8.160828
6.167401
13.43979

2516.728

2516.89
2459.111
2459.133
2459.133
2459.168

2459.09

2459.09
2459.289
2459.111
2459.025
2459.025
2459.208
2459.208
2458.876
2458.772
2458.772
2458.877
2458.908
2458.802
2458.707
2458.635
2458.702
2458.667
2458.851
2458.917
2458.997
2458.744
2459.406
2458.039
2458.947
2459.094
2516.978
2516.953
2516.905
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0.418271
0.580381
0.715
0.737
0.737
0.772
0.694
0.694
0.893
0.715
0.629
0.629
0.812
0.812
0.48
0.376
0.376
0.481
0.511959
0.406
0.310787
0.239498
0.306
0.27148
0.455074
0.520748
0.60107
0.347652
1.010494
0
0.550533
0.697994
0.667539
0.642637
0.595029

0.6
2.6

=

W N~ W N~ W~ W= O~ W~ W~ W~

6.3
5.7
0.5
0.4
1.45

1.2
3.6
16
15.8
14.3
14
10.14
9.1
7.6
15.9
15.6
14.9
19.4
20.3
13.4
14.4
15.4
16.4
11.46
11.01
11.4
6.3
53
43
11.87
11.95
10.9
17.42
7.64

33
10.8
0.5

0.5

burned

burned

unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
unburned
burned

burned

burned

BM29
BM30
UM1
UM2
UM3
UM4
UMS5
UM6
UM7
UMS
UM9
UMI10
UMI11
UMI12
UM13
UM14
UM15
UM16
UM17
UMI18
UM19
UM20
UM21
UM22
UM23
UM24
UM25
UM26
UM28
Unburn_1
Unburn2
Unburn_3
Burn 1
Burn 2
Burn 3



burn_c 9 20 0.107115 0.091122 17.15415 2517.552 0.01049 0.8 6 burned Burn _c 1
burn_c 9 20 0.194674 0.150588 8.140907 2517.552 0.01049 1 6.5 burned Burn ¢ 2
burn_c 9 20 0.16706 0.108051 11.83165 2517.581  0.038566 2 4 burned Burn ¢ 3
burn_c 9 20 0.254436 0.150629 10.95923 2517.552 0.01049 0.8 5 burned Burn_c 4
burn_c 9 20 0.306075 0.261533 24.25234 2517.602  0.060295 0.6 5 burned Burn ¢ 5
burn_c 9 20 0.304163 0.190593 19.88105 2517.681  0.138664 2 2 burned Burn ¢ 6
burn_c 9 20 0.270206 0.222618 20.1014 2517.623  0.080803 0.8 1.5 burned Burn ¢ 7
bank 9 20 0.227749 0.203084 22.58198 2517.542 0 0 burned Burn ¢ 8
bank 9 20 0.159236 0.106477 12.33353 2472915 0 0 wunburned Unburn c 1
unburn ¢ 9 20 0.065291 0.067719 4.126886 2473.344 0.42875 0 2 unburned Unburn c 2
unburn_ ¢ 9 20 0.11772 0.102761 10.13703 2473.324  0.409219 1.25 1.6 unburned Unburn c 4
unburn ¢ 9 20 0.194298  0.13285 16.74653 2473.324  0.409219 1.45 1.4 unburned Unburn c 5
unburn_ ¢ 9 20 0.190619 0.141886  14.2515 2473.399  0.484414 0 5.3 unburned Unburn c 6
unburn ¢ 9 20 0.200728 0.107217 19.76079 2473.479  0.564248 1.8 7.2 unburned Unburn c 7
unburn_ ¢ 9 20 0.191367 0.124953 15.45324 2473.381  0.465615 1.7 7 unburned Unburn c 8§
unburn ¢ 9 20 0.281894 0.186721 11.83691 2473.206  0.291299 0.5 5.5 unburned Unburn c 9
unburn_ ¢ 9 20 0.260016 0.127772 1931547 2473.474  0.558877 0.75 6.5 unburned Unburn c 10
Table 17. Vegetation survey data
Site ID Burn Zone Plant Species Percent Solar Canopy Densiometer Elevation Elevation Distance
status count count cover exposure cover difference to channel
burn_a Burned far 13 4 5 6 93.76 31 2516.541  0.230771 2.5
burn_a Burned close 9 5 5 12 87.52 25 2516.609  0.299375 0.25
burn a Burned close 9 4 5 12 87.52 25 2516.782  0.472471 1.5
burn_a Burned close 20 5 25 4 95.84 33  2516.782  0.472471 1
burn_a Burned far 10 5 5 6 93.76 31 2516.541  0.230771 2
burn_a Burned far 8 3 5 3 96.88 34 2516.559  0.248838 1.5
burn_a Burned medium 24 4 25 4 95.84 33 2516.81  0.500303 2
burn_a Burned far 5 3 5 3 96.88 34 2516.559  0.248838 1
burn_a Burned far 5 3 5 3 96.88 34  2516.439  0.128965 0.5
burn_a Burned far 22 3 40 3 96.88 34 2516.439  0.128965 0.25
burn_a Burned medium 47 6 60 4 95.84 33 2516.81  0.500303 2.5
burn_a Burned medium 18 6 30 3 96.88 34 2516471 0.161436 0.25
burn_a Burned far 16 3 10 4 95.84 33  2516.854  0.544248 2.5
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