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Abstract

The flow of organic matter (OM) along rivers and its retention within floodplains are fundamental to the function of aquatic and

riparian ecosystems and are significant components of terrestrial carbon storage and budgets. Carbon storage and ecosystem

processing of OM largely depends upon hydrogeomorphic characteristics of streams and valleys. To examine the role of channel

complexity on carbon dynamics in mountain streams, we (1) quantify organic carbon (OC) storage in sediment and wood along

24 forested stream reaches in the Rocky Mountains of CO, U.S.A., (2) employ six years of logjam surveys and examine related

morphological factors that regulate sediment and carbon storage, and (3) utilize fluorescence spectroscopy to examine how the

composition of OM in surface water and floodplain soil leachates is influenced by valley and channel morphology. We find that

lower-gradient stream reaches in unconfined valley segments at high elevations store more OC per area than higher-gradient

reaches in more confined valleys, and those at lower elevations. We find that limited storage of fine sediment and increased

mineralization of OC in multithread channel reaches decrease storage per area compared to simpler single-thread channel

reaches. Results suggest that the positive feedbacks between channel complexity and persistent channel-spanning logjams that

force multiple channels to flow across valley bottoms limit the aggradation of floodplain fine sediment, and promote hotspots

for the transformation of OM. These multithread hotspots likely increase ecosystem productivity and ecosystem services by

filtering dissolved organic carbon with potential to decrease contaminants associated with organic matter from surface water.

1
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Key Points 15 

• Less confined valleys store relatively more carbon in floodplain fine sediment and large 16 

wood than more confined valley segments 17 

• Channels with single thread planforms store more carbon than more complex systems 18 

with multiple channels of flow in wide valley bottoms 19 

• Logjam abundance is linked to shallower fine sediment depth and microbial 20 

transformation of organic matter in complex multithread reaches 21 

  22 

Abstract 23 

 The flow of organic matter (OM) along rivers, and retention within floodplains, 24 

contribute significantly to terrestrial carbon storage and ecosystem function. Carbon storage and 25 

ecosystem processing of OM largely depend upon hydrogeomorphic characteristics of streams 26 

and valleys, including channel geometry and the connectivity of water across and within the 27 

floodplain. To examine the role of river morphology on carbon dynamics in mountain streams, 28 

we (1) quantify organic carbon (OC) storage in fine sediment, litter, and wood along 24 forested 29 

gravel-bed stream reaches in the Rocky Mountains of CO, U.S.A., (2) examine morphological 30 

factors that regulate sediment and OC storage (e.g., width, slope, logjams), and (3) utilize 31 

fluorescence spectroscopy to examine how the composition of OM in surface water and 32 

floodplain fine sediment is influenced by channel morphology. Multivariate regression of the 33 

study reaches, which have varying degrees of confinement, slope, and elevation, indicates that 34 
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OC storage per area is higher in less confined, in lower-gradient stream reaches, and at higher 35 

elevations. We find that limited storage of fine sediment and microbial OC transformation within 36 

multithread channels decrease storage per area (252±39 Mg C ha-1) relative to single-thread 37 

channel reaches (346±177 Mg C ha-1) in relatively unconfined valleys. We posit that positive 38 

feedbacks between channel morphology and persistent channel-spanning logjams that divert flow 39 

into multiple channels limit the aggradation of floodplain fine sediment. Because multithread 40 

stream reaches are hotspots for the transformation of OM they are less effective OC reservoirs, 41 

but they are important sources for food webs in aquatic ecosystems.    42 

 43 

Plain Language Summary 44 

 The organic byproducts of living material including plants, insects, and microbes 45 

(organic matter) are important components of healthy ecosystems in mountain streams and 46 

provide carbon storage, which prevents CO2 from entering the atmosphere. Carbon storage and 47 

the breakdown of organic matter by ecosystems in rivers is influenced by the shapes of river 48 

channels and valleys. To examine how the storage of organic matter are influenced by valley and 49 

channel geometry, we (1) survey 24 streams in the Colorado Rocky Mountains and collect soil 50 

samples to estimate carbon storage, (2) examine differences in carbon storage associated with the 51 

shapes of stream channels and valleys, and (3) examine the differences in the molecular structure 52 

of organic matter associated with differences in valley and channel shape. We find that storage 53 

per area is higher in wider valleys, lower gradient streams, and higher elevations. Streams with 54 

numerous channels of flow across wide valley bottoms store shallower fine sediment and less 55 

carbon compared with streams in wide valleys. These complex multithread streams facilitate the 56 
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breakdown of carbon by microbes making them less efficient reservoirs for organic carbon 57 

storage but serving important functions for healthy ecosystems.  58 

 59 

 60 

 61 

1 Background 62 

Rivers play a significant role in terrestrial carbon budgets through release of OC to the 63 

atmosphere, delivery to oceans (Aufdenkampe et al., 2011; Galy et al., 2015), and storage in 64 

downed, dead wood and floodplain soil (N. A. Sutfin et al., 2016). Combined OC storage in the 65 

atmosphere and biosphere is less than storage in soils (Falkowski et al., 2000), which have the 66 

potential to retain OC at depth along river corridors (Ricker & Lockaby, 2015; D’Elia et al., 67 

2017; Omengo et al., 2018). Because the highest uncertainty in annual exchanges of carbon 68 

between the atmosphere, surface ocean, and land surface occurs within terrestrial reservoirs 69 

(Gregory et al., 2009; Ballantyne et al., 2012), OC dynamics and storage along river floodplains 70 

could represent a substantial component of global carbon budgets.  71 

Although large, lowland rivers have extensive floodplains that can store OC, smaller 72 

streams constitute ~95% of global river length and therefore make important contributions to 73 

carbon dynamics (Downing et al., 2012). Allochthonous (terrestrially-derived) organic matter 74 

(OM) inputs in headwater streams are the foundation of food webs and are crucial for fisheries 75 

and autochthonous (in-stream) primary production in larger rivers (Vannote et al., 1980; Chapin 76 

et al., 2011) (we use OC when discussing storage reservoirs of organic carbon (Mg C ha-1) and 77 

OM when discussing specific sources of OC and the decomposition or transformation of those 78 

sources by microbial communities and aquatic invertebrates). Floodplains along 1st, 2nd, & 3rd 79 
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order mountainous headwater streams have been shown to contain higher soil OC content than 80 

adjacent uplands (Wohl et al., 2012; Sutfin & Wohl, 2017) and can store more OC per area than 81 

higher-order lowland rivers (N. A. Sutfin et al., 2016). We focus on these smaller streams to 82 

examine controls on OC dynamics within river corridors. 83 

Determining whether OC retention within floodplains constitutes long-term C storage 84 

requires considering (1) the duration of floodplain fine sediment storage prior to downstream 85 

transportation, and (2) the potential for OM decomposition and mineralization to the atmosphere. 86 

Geomorphic response to floods regulates the duration of sediment storage ( Sutfin & Wohl, 87 

2019) and hydrologic connectivity regulates decomposition of OM (Raymond et al., 2016; 88 

Wollheim et al., 2018). Thus, the potential for OC storage along river corridors is highly 89 

sensitive to hydrological condition and valley and channel geometry.  90 

Biophysical factors that influence channel geometry and hydrologic connectivity include 91 

in-stream wood, logjams, beaver ecosystem engineering, vegetation, valley width and 92 

confinement, and hydrologic flow and sediment regimes, which together create and maintain 93 

channel complexity (Polvi and Wohl, 2013; Livers & Wohl, 2016). Here, channel complexity 94 

captures the presence and variability of diverse channel geometry, including planform and 95 

bedforms; greater channel complexity equates to increased spatial variability in channel 96 

geometry (Livers & Wohl, 2016). Increased channel complexity is more common along 97 

headwater streams as a result of limited human impact and prevalent biotic drivers of channel 98 

morphology (i.e., logjams, beavers) (Polvi & Wohl, 2013; Beckman & Wohl, 2014). While 99 

complex headwater streams may have a higher capacity to store OC (Wohl et al., 2012; Sutfin et 100 

al., 2016), they may also act as hotspots of OM decomposition, where longer water residence 101 

times (Gooseff et al., 2007) provide greater opportunities for microbial metabolism (Battin et al., 102 
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2008). Recent work shows that the composition of OM flowing through complex channel 103 

segments is more molecularly diverse than that of single-thread channels; these differences 104 

become increasingly pronounced as seasonal declines in flow reduce hydrologic connectivity 105 

across the floodplain (Lynch, et al., 2019). The degree to which higher channel complexity 106 

corresponds to enhanced OC storage versus decomposition and mineralization remains poorly 107 

constrained. 108 

 Here, we (1) quantify differences in OC storage per area along valley segments with 109 

varying channel and valley geometry, (2) identify potential hydrogeomorphic mechanisms 110 

underlying differences in OC storage, and (3) examine longitudinal trends in the composition of 111 

OM as it cycles through surface waters and adjacent floodplains. To quantify OC storage, we 112 

surveyed and sampled 24 relatively undisturbed study reaches with similar geology (Braddock & 113 

Cole, 1990) and climate (Birkeland et al., 2003) spanning an ecotone and vegetation shift 114 

(Veblen & Donnegan, 2005; Polvi et al., 2011) along the tributaries and main stem of four 115 

headwater streams of the South Platte River basin in northern Colorado. Six years of logjam 116 

presence surveys at nine of the 24 study reaches complement morphology surveys to examine 117 

the role of logjams on sediment and OC storage. Two of the 24 study reaches were extended in 118 

length, creating intensive study sites that we used to investigate the role of channel geometry and 119 

logjams on OM transformation in surface waters and floodplain fine sediment. 120 

 121 

2 Study Area 122 

 Located within and around Rocky Mountain National Park and the Arapaho and 123 

Roosevelt National Forests, we surveyed 24 study reaches located in the Subalpine and Montane 124 

zones of nested tributaries within North Saint Vrain Creek (NSV), Glacier Creek (GCK), South 125 
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Fork of the Poudre River (SFP), and the Big Thompson River (BTR) watersheds (Figure 1). 126 

Smaller tributaries include Ouzel, Cony, Hunters, and Mills Creeks.  127 

2.1 Geological setting 128 

The geology and glacial history of the study area within the Colorado Front Range (CFR) 129 

of the Rocky Mountains regulates valley morphology, but does not directly influence OC inputs 130 

to the study reaches. The underlying lithologic core of the Colorado Front Range (CFR) is 131 

composed of Precambrian gneiss, schist, granite, and other igneous rocks primarily of intrusive 132 

origin (Braddock & Cole, 1990). Irregular bedrock jointing facilitates longitudinal variability in 133 

the relative confinement of stream valleys, such that broader valleys commonly coexist with 134 

more closely spaced bedrock joints and strath terraces along otherwise confined, narrower 135 

valleys (Wohl, 2008). Pleistocene alpine terminal moraines extend eastward down-valley to 136 

elevations of approximately 2,300 to 2,500 m and play a significant role in shaping the relative 137 

confinement of valleys among study reaches. On the eastern side of the CFR, knickpoints at 138 

approximately 2,000 m in elevation mark the transition from broader glaciated valleys to narrow 139 

incised valleys in sedimentary rocks at the eastern margin of the Precambrian core (Anderson et 140 

al., 2006). Broader valleys typically have pool-riffle or plane bed channel morphology 141 

(Montgomery & Buffington, 1997; Livers & Wohl, 2015), whereas more confined valleys are 142 

more likely to have cascade or step-pool morphology, including both boulder and logjam-forced 143 

steps. 144 

 145 

2.2 Climate and vegetation  146 

Distinct vegetation zones reflect differences in precipitation patterns and fire regimes 147 

(Veblen & Donnegan, 2005) that influence hydrologic flow paths and OM inputs to streams and 148 
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floodplains. Vegetation in the study area reflect changes across the ecotone from montane to 149 

subalpine forests in the CFR. At 1,830 m elevation, grassland steppe vegetation transitions into 150 

montane forest, which is dominated by ponderosa pine (Pinus ponderosa var. scopulorum) and 151 

Douglas-fir (Pseudotsuga menziesii) extending to ~2,750 m. The Montane zone receives ~75 cm 152 

of annual average precipitation in the eastern CFR between (record spanning 1981 to 2010; 153 

PRISM Climate Group, 2012) and experiences relatively frequent and low severity ground fires 154 

approximately every 30-100 years (Veblen & Donnegan, 2005). Forests in the Subalpine zone, 155 

extending from ~2,750 to 3,400 m, are dominated by subalpine fir (Abies lasiocarpa), lodgepole 156 

pine (Pinus contorta), limber pine (Pinus flexilis), Engelmann spruce (Picea englemannii), and 157 

aspen (Populus tremuloides) (Veblen & Donnegan, 2005). Large stand-replacing fires occur on 158 

average every 500 years in the Subalpine zone, where annual average precipitation is ~85 cm 159 

(Barry, 1973; Birkeland et al., 2003; PRISM Climate Group, 2012). Vegetation within the 160 

riparian zone typically corresponds to that of respective upland vegetation with additions of blue 161 

spruce (Picea pungens); in the Subalpine zone Douglas fir, Engelmann spruce, and aspen are 162 

abundant. Willow (Salix spp.), sedges (Carex spp.), and river birch (Betula fontinalis) are present 163 

at sites with relict beaver activity (Veblen & Donnegan, 2005; Polvi et al., 2011).  164 

 165 

2.3 Hydrological condition 166 

The rivers and streams of the CFR are snowmelt dominated and typically have a single 167 

annual hydrograph peak during June, and sometimes the last week of May. Paleoflood indicators 168 

and estimates of flood magnitudes in the CFR (McCain & Shroba, 1979; Jarrett, 1990) suggest 169 

the high intensity storms (typically from July to September) at elevations below 2,300 m 170 

disproportionately influence stream discharge at lower elevations within and below the Montane 171 
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zone. Hydrologic response to these storms sometimes results in secondary peak flows that 172 

exceed the snowmelt-dominated peak (Jarrett, 1990). One such event occurred during the period 173 

in which this study was taking place. 174 

 On September 11th to September 13th, 2013, a prolonged extreme precipitation event 175 

broke several rainfall records in the state of Colorado (Gochis et al., 2014) and resulting floods 176 

restructured floodplains in much of the CFR (Yochum & Collins, 2015; Yochum et al., 2017; 177 

Sholtes et al., 2018). Estimated recurrence intervals of peak discharge in rivers and streams in the 178 

CFR during the event ranged from 5-year to >100-year flow events (Yochum & Collins, 2015). 179 

Most of our study reaches were located outside the center of the highest rainfall accumulations, 180 

and received somewhere between ~100-250 mm of rain equating to 10-year to 500-year 181 

precipitation events (Gochis et al., 2014). However, the lower portion of North Saint Vrain Creek 182 

was located in the center of the storm, which received ~380-520 mm of rainfall, and four study 183 

sites were heavily impacted.  184 

 Estimates of peak discharge in streams and rivers of the CFR during the 2013 storm do 185 

not include values for North Saint Vrain Creek at Allenspark, but estimates of sediment 186 

residence time provide context for the recurrence interval of the flood. The USGS stream gauge 187 

on North St. Vrain Creek near Allenspark, CO (gauge # 6721500) – downstream of 11 and 188 

upstream of 4 of our study reaches – was no longer active in the 2013 flood, but discontinuous 189 

records of flow (1926 to 1930 and 1987 to 1997) indicate a daily mean annual discharge of 1.56 190 

m3 s-1 and a maximum annual peak discharge of 13.30 m3 s-1. Yochum and Collins (2015) 191 

estimate that flow at the N. St. Vrain Creek, Allenspark gauge was greater than a 2-year flood. 192 

However, floodplain fine sediment samples collected at two sites below the USGS Allenspark 193 

gauge before the flood estimated a floodplain sediment residence time of >600 y BP (Sutfin and 194 
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Wohl, 2019). Evacuated of floodplain fine sediment at these two study reaches during the 2013 195 

flood suggests a recurrence interval >500 years. Pre-and post-flood lidar differences and 196 

sediment coring of the Ralph Price Reservoir downstream quantified ~100 years of erosion along 197 

the lower North Saint Vrain Creek corridor and a substantial loss of OC storage during the event 198 

(Rathburn et al., 2017). 199 

 Stream gauges in the study area lack continuous discharge data of sufficient length to 200 

estimate recurrence intervals with meaningful certainty, but can provide context for annual 201 

trends, seasonal patterns in discharge, and the magnitude of the 2013 event. The USGS gauge 202 

(#402114105350101) on the Big Thompson River at Moraine Park located downstream of 8 of 203 

our study reaches and upstream of Estes Park provides 17 discontinuous years of streamflow 204 

between 1996 and 2020. This gauge recorded an annual mean of 1.6 m3 s-1 and a mean annual 205 

maximum of 17 m3 s-1 for the period of record. Annual peak flows within this period of record 206 

occurred in June or the last week of May, with two exceptions. An annual peak discharge of 28.9 207 

m3 s-1 occurred on 9 July, 2011, and an annual peak discharge of 32 m3 s-1 occurred on 12 208 

September, 2013, during the 2013 extreme precipitation event. 209 

 210 

2.4. Channel morphology and OC retention in the CFR  211 

 Past work suggests that valley geometry largely controls sediment storage in floodplain 212 

sediments within the study area. The geomorphic impact of the 2013 floods in the CFR 213 

suggested that valley confinement and overbank stream power, which were significantly lower in 214 

glaciated valleys, were among the strongest predictors for floodplain sediment residence times 215 

(Sutfin & Wohl, 2019). Unconfined glaciated valleys attenuate flood waves by allowing flows to 216 

spread across the floodplain, which dissipates energy, decreases flow velocity, and decreases 217 
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sediment transport capacity. Sediment residence times were also significantly shorter in the 218 

Montane zone than in the Subalpine zone (Sutfin & Wohl, 2019), both of which are 219 

characterized by distinctly different forest types and fire regimes (see section 2.2).  220 

 Channel morphology and OC retention in the CFR are also influenced by large wood 221 

(>10 cm in diameter and >1 m in length) and logjams. Streams in the CFR are dominated by 222 

cobble to boulder substrate, but transitional morphological states in channel form occur in 223 

response to altered wood regimes and reduced logjam occurrence (Livers et al., 2018). Instream 224 

wood loads and spacing of channel spanning logjams are regulated by variability in forest age 225 

and valley geometry (Wohl and Cadol, 2011). While large wood is a substantial component of 226 

OC storage in fluvial corridors of the CFR, logjams also facilitate OM retention (Beckman & 227 

Wohl, 2014). Prior work also suggested that logjam-forced multithread channels increased OC 228 

storage per area in the CFR (Wohl et al., 2012), but that prior study was based on a limited 229 

number of study sites. In quantifying OC storage in floodplains of the CFR and identifying 230 

potential drivers of differences among channel and valley types, we examine if and why logjam-231 

induced multithread channels store more OC per area than other channel types. 232 
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 233 

Figure 1. Map of the study area along the Colorado Front Range of the Rocky Mountains, U.S. 234 

Twenty-four study reaches representing five different channel types (A) are indicated in the 235 

legend. Large rectangles with bold outlines identify intensive study sites that capture transitions 236 

in channel complexity (single-multiple-single thread reaches) on Glacier Creek (B) and Ouzel 237 

Creek (C). At these intensive study sites, organic matter composition was examined along 238 

transitions in valley confinement using fluorescence spectroscopy. Logjam surveys were 239 

conducted in the N. Saint Vrain Creek Basin upstream of the Rocky Mountain National Park 240 

boundary. 241 

 242 

3. Methods 243 

 In the following subsections, we describe several data sets and analyses including field 244 

observations, sample collection and analysis, GIS analysis, and statistical modeling to ask, “How 245 

does valley and channel morphology influence floodplain OC storage in the Colorado Front 246 

Range?”. To quantify differences in OC storage per area we describe below 24 study reaches 247 

and methods for evaluating valley and channel morphology, surveying floodplain topography 248 
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and sediment depth, calculating sediment volume (GIS), collecting litter and soil samples, 249 

surveying large wood on the floodplain, analyzing OC content, and quantifying OC storage 250 

along diverse channel types (sections 3.1 to 3.5). To identify potential hydrogeomorphic 251 

mechanisms for differences in OC storage along valley segments with varying channel and 252 

valley geometry we also present six years of logjam absence/presence surveys within a 253 

watershed encompassing nine of the 24 study reaches (section 3.6). Two of the 24 study reaches 254 

were selected as intensive study sites and extended in length to include additional upstream and 255 

downstream reaches. Floodplain sediment and surface water samples were collected for detailed 256 

analysis of OM composition at the two intensive study sites to examine the role of channel 257 

morphology on OC molecular diversity and fate (section 3.7). A salt tracer application was 258 

conducted to calculate discharge within each study reach of the two intensive study sites during 259 

the time of sample collection (section 3.8).  260 

 261 

3.1 Study reach selection 262 

 We characterize study reaches by relative channel complexity and degree of valley 263 

confinement. We classify study reaches as abandoned or active beaver meadows based on field 264 

evidence of exposed or buried beaver dams and ponds, beaver-dug canals, beaver lodges, beaver 265 

mounds and slides, and beaver chewed trees (Ives, 1942; Polvi & Wohl, 2012, 2013). Within the 266 

CFR, old-growth forests (> 200 years old) include trees that are large enough to create persistent 267 

channel-spanning logjams. Where logjams persist for a year or more, diversion of flows can form 268 

secondary channels and sometimes multiple channels of flow across relatively unconfined valley 269 

bottoms. We refer to these complex channel segments, where evidence of beavers is not present, 270 

as multithread channels. 271 
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 Stream reaches that are not multithread and lack evidence of beaver activity are classified 272 

using a valley confinement ratio (Cr), calculated as the stream channel width divided by the 273 

valley width. Stream reaches bounded entirely by bedrock and with the absence of a floodplain 274 

were considered extremely confined and were not included in the study. Reaches with Cr > 0.5 275 

are classified as confined because a valley less than two times the width of the channel does not 276 

have space to accommodate channel avulsions or side channel development. Those with a ratio 277 

between 0.5 and 0.24 are defined as partly confined because overbank channels can be observed 278 

in these valleys, but multithread channels do not occur. Valleys with Cr < 0.24 are defined as 279 

unconfined valleys because these valleys accommodate the development of side channels, 280 

channel avulsions, and multithread channel systems.  281 

 This classification result in five valley reach types including three classes in relatively 282 

unconfined valleys (beaver meadows, multithread channels, and unconfined reaches) and two 283 

classes in relatively narrow valleys (partly confined and confined reaches) (Table 1).  284 

Table 1 285 

Physical attributes of the 24 study reaches.  286 

Stream Valley type 

Mean 
valley 
width 

(m) 

Mean 
channel 
width 

(m) 

Mean valley 
confinement 

(m/m) 

Mean 
gravimetric 

soil 
moisture 

content (%) 

Stream 
Gradient 

(%) 

Elevation 
(m) 

Drainage 
Area 

(km2) 

NSV Confined 18 13.0 0.73 16 0.032 2385 97.7 

Ouzel Confined 9 5.3 0.55 35 0.095 2971 10.7 

GCK Confined 12 8.5 0.32 34 0.13 2845 21.0 

NSV Confined 11 6.2 0.58 38 0.085 2951 17.9 

NSV Confined 19 14.1 0.74 20 0.026 2162 205.1 

GCK Confined 10 5.6 0.50 42 0.09 3071 9.7 

NSV 
Partly 

confined  
33 17.1 0.45 

21 
0.037 2420 

96.4 

Ouzel 
Partly 

confined  
14 5.1 0.34 

38 
0.063 2927 

11.1 

GCK 
Partly 

confined  
33 8.5 0.26 

25 
0.027 2701 

33.2 

Hunters 
Partly 

confined  
15 3.7 0.24 

30 
0.069 3013 

10.1 

NSV 
Partly 

confined  
27 12.7 0.45 

23 
0.023 2226 

200.5 

GCK 
Partly 

confined  
14 4.2 0.28 

34 
0.02 3118 

7.1 
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NSV 
Partly 

confined  
43 14.5 0.31 

48 
0.016 2573 

77.4 

Cony Unconfined 26 5.6 0.21 58 0.028 3054 12.7 

GCK Unconfined 32 5.1 0.15 54 0.013 3053 10.3 

Mills Unconfined 47 7.8 0.10 41 0.01 2797 3.0 

NSV Beaver 67 6.8 0.10 55 0.037 2901 19.1 

Ouzel Beaver 43 7.0 0.13 65 0.04 2978 10.6 

NSV Beaver 247 14.1 0.05 40 0.012 2547 82.2 

BTR Beaver 180 17.3 0.09 29 0.006 2462 93.7 

SFP Beaver 77 10.6 0.13 25 0.011 2410 180.6 

NSV Multithread 61 6.5 0.10 44 0.063 3035 14.8 

GCK Multithread 34 6.7 0.18 39 0.03 3068 9.8 

Ouzel Multithread 53 5.2 0.10 53 0.033 2990 10.5 

Note: Reach abbreviations include BTR =  Big Thompson River, GCK = Glacier Creek, NSV = North Saint. Vrain Creek, 
SFP = South Fork Cache La Poudre River 

 287 

3.2 Field surveys and soil sampling for OC storage 288 

 Field surveys were conducted and the depth of floodplain fine sediment was measured 289 

(summer 2012, 2013, 2014) along each of the 24 study reaches. Study reaches were defined by 290 

11 surveyed transects spaced approximately one bankfull width apart and oriented orthogonally 291 

to the down-valley direction. A stadia rod and a laser rangefinder with 10-cm accuracy (Laser 292 

Technologies®, TruPulse 360B) were used to survey topography along each transect at breaks in 293 

slope and other points of interest (e.g., changes in grain size, transitions in vegetation type) with 294 

a maximum spacing of 11 m between survey points. The depth of the underlying floodplain fine 295 

sediment (< 2 mm) was measured at each survey point when a 1-cm diameter soil probe was 296 

inserted into the floodplain surface. The probe was pounded into the surface using a 1.4 kg 297 

sledgehammer until refusal at bedrock or coarser pebble and cobble material. Dominant 298 

vegetation (e.g., grasses, willows, tree cover) and primary tree types (e.g., blue spruce, aspen, 299 

subalpine fir) were noted at survey points along each transect to verify typical vegetation type 300 

but were not used in statistical models. Approximate bankfull channel width was determined 301 

between points along each transect using the height of depositional features that included point 302 
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bars and changes in vegetation as primary bankfull indicators. The stream gradient was measured 303 

using a survey of the estimated bankfull stage on the banks along the length of each study reach. 304 

Contributing drainage area for each study reach was calculated using 10 m resolution USGS 305 

digital elevation models (DEMs) in ESRI ArcMap. The elevation of each reach was taken as the 306 

elevation from the DEMs at the downstream transect along each study reach. Stream gradient 307 

was calculated as the slope of the linear regression line fit to all surveyed stream gradient points 308 

described above.  309 

 Soil sample locations were selected by systematic random sampling along each transect 310 

(Figure S1). Bootstrap analysis indicated that the variance and bias of the estimated mean OC 311 

content (for the entire depth of the sediment sampled at 15-cm increments) declined rapidly with 312 

an incremental increase in sample size until it leveled off at 11 sampling locations (Sutfin & 313 

Wohl, 2017). Bias was not further reduced until >30 sampling locations were included. We used 314 

these findings as guidance, and randomly selected single sampling location along each of the 315 

eleven transect of all study reaches to examine variability in OC content. The distance of each 316 

transect across the valley bottom was measured and potential sample locations were represented 317 

by 1-m increments that spanned the distance along the transect. A random number generator was 318 

used to select a distance from the valley edge for each sample location. Locations falling within 319 

the active channel were shifted to the first meter on the left or right riverbank by random 320 

selection. Locations that fell on bedrock resulted in a new random selection without replacement. 321 

When only bedrock was present along cross sections, no sediment samples were collected, 322 

although litter and duff was collected if present. 323 

 Sediment and litter and duff were collected at each sampling location where present. A 7-324 

cm diameter cylindrical sampling tube was used to collect volumetric samples of OM in the O-325 
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horizon as a single sample at each sampling location. A 7-cm diameter stainless steel hand auger 326 

was used to sample fine sediment at increments of 15-cm depth until refusal at bedrock or 327 

material exceeded ~2 mm in diameter. Auger length prevented sample collection at depths 328 

greater than 180 cm, which occurred at three sampling locations (660 sediment samples were 329 

collected at 273 sampling locations in total).  330 

 Twenty-one volumetric soil samples were collected in small pits excavated along the 331 

floodplain to estimate bulk density. A 7-cm diameter soil sampling tube was inserted 332 

horizontally and centered at ~5, 15, and 45-cm depth where roots did not interrupt sampling 333 

(Supplemental Table S1).  334 

 335 

3.3 Analysis of OC content 336 

 Mineral soil samples were collected from the 24 study reaches and frozen until analysis 337 

for OC content by the Colorado State University, Soil and Water Testing Laboratory. An aliquot 338 

of each sample was dried for 48 hours at 60⁰C, then ground and analyzed for total C and N by 339 

dry combustion (LECO 1000 CHN analyzer, LECO Corporation, St. Joseph, MI, USA). Each 340 

sample was treated with 0.4 N HCl and the CO2 loss was measured gravimetrically to determine 341 

inorganic carbon content (CO3-C). Soil OC content was calculated as total carbon minus CO3-C. 342 

The gravimetric soil moisture content was determined as the difference between the mass of 343 

field-moist soil before and after it was dried at 105°C for 24 hours.  344 

 A total of 281 O-horizon samples were processed for OC content. Recognizable plant 345 

material (< 6 mm diameter, including litter and needles) and duff (unrecognizable and 346 

fragmented material between the litter and mineral soil layers, FIA, 2019) were dried at 105°C 347 
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for 24 hours. OC content of the combined O-horizon (litter + duff, hereafter referred to as ‘litter’) 348 

was estimated as 50% of the mass lost through loss on ignition at 550°C after 24 hours.  349 

 350 

3.4 Organic Carbon storage as floodplain large wood 351 

 Wood surveys were conducted across the entire floodplain surface of each of the 24 study 352 

reaches to estimate OC storage in large wood. The length and diameter of all floodplain wood 353 

(greater than 1 m in length and 10 cm in diameter) were measured and wood volumes were 354 

calculated as the volume of a cylinder using the average diameter of the two end measurements. 355 

The mass of C stored in each large wood piece was estimated using a calculated average density 356 

for species in the study area (Douglas fir, lodgepole pine, ponderosa pine, Engelmann spruce, 357 

and aspen) of 400 kg m-3 (Glass & Zelinka, 2004) and assuming 50% C by mass.  358 

 359 

3.5 Organic Carbon storage in wood, litter, and sediment 360 

 Total OC storage was calculated in three compartments (i.e., sediment, wood, and litter) 361 

for each of the 24 study reaches and presented as the mass of OC per floodplain area.  362 

 The mass of OC stored in fine sediment at each study reach was estimated using soil 363 

samples, depth measurements, and GIS. The volume of floodplain fine sediment was calculated 364 

using measured depths of fine sediment and triangular irregular networks (TINs) in ESRI 365 

ArcMap. Sediment volumes were multiplied by the average bulk density across study reaches (ρb 366 

= 0.9 ± 0.24 g cm-3, Supplemental Table S1), to estimate the mass of floodplain fine sediment 367 

along each study reach. Observed inconsistent changes in soil OC content with depth likely 368 

resulted from dynamic and spatially discontinuous erosion and sedimentation events across the 369 

floodplains. Heterogeneity of floodplain architecture results in poorly defined soil profiles and 370 
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buried lenses of organic-rich sediment present at some study reaches. Because these lenses were 371 

small isolated features, interpolation across the floodplain would result in overestimates of OC 372 

content. Instead, depth-averaged OC content of systematic randomly sampled sediment 373 

(described in section 3.2) was used to calculate reach-average OC content. The total mass of fine 374 

sediment along each study reach was multiplied by the mean gravimetric OC content along each 375 

reach to calculate the total mass of OC storage in floodplain sediment.  376 

 The mass of OC storage as litter was estimated using an average litter depth, OC content, 377 

and bulk density. The average depth of the litter layer was multiplied by the floodplain surface 378 

area – generated from TINs as described above – to estimate O-horizon volumes in each reach. 379 

Litter mass (calculated as the average bulk density multiplied by the volume of litter) was 380 

multiplied by the average OC content to estimate the mass of OC storage in litter for each reach.  381 

 The total mass of OC in all floodplain reservoirs (i.e., wood, sediment, litter) was divided 382 

by the surface area of each TIN to estimate total OC storage per area along each study reach.  383 

 384 

3.6 Instream logjam surveys and fine sediment depth 385 

We utilized an ongoing presence-absence survey of logjams in the North St. Vrain Creek 386 

watershed to examine relationships between logjams and the depth of floodplain fine sediment at 387 

nine of the 24 study reaches. The number of instream logjams was monitored and recorded 388 

annually over a six-year period from 2010 to 2015 (Supplemental Table S2). Locations of 389 

logjams upstream of the Pleistocene terminal moraine – located at approximately 2,500 m 390 

elevation – were recorded using a handheld GPS unit. Logjams that fell within the ESRI ArcMap 391 

shapefile extent of the surveyed study reach, plus one channel width up and down valley of each 392 

study reach, were counted for each year. We estimated mean floodplain fine sediment depth by 393 
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dividing the floodplain sediment volume described in section 3.5 by the TIN surface area of the 394 

study reach. Because floodplain fine sediment depth among study reaches was significantly 395 

different between confined and unconfined reaches (p <0.05), we accounted for varying degrees 396 

of confinement by standardizing sediment depth by the mean valley width. Using stepwise linear 397 

regression, we examined the influence of potential predictor variables (e.g., six-year average 398 

number of logjams, drainage area, elevation, stream gradient) on floodplain fine sediment depth. 399 

 400 

3.7 Analysis of stream and soil water chemistry 401 

 Additional surface water and soil samples were collected at the two intensive study sites 402 

that captured channel transitions (single thread-multithread-single thread) on Ouzel and Glacier 403 

creeks (August 18 and 19, 2014). We used these channel transitions to examine relative changes 404 

in dissolved OM composition upstream and downstream of the multithread reaches. The Ouzel 405 

Creek intensive study site was ~1,330 m long, with an upstream confined reach of 180 m, and a 406 

middle multithread reach of 800 m, and a lower confined reach of 350 m in length. The Glacier 407 

Creek intensive study site was ~220 m long, with an upper confined reach of 65 m, a middle 408 

multithread reach of 90 m, and a lower partly confined reach 65 m in length. Transects were 409 

located near both the upstream and downstream extent of each of the three reaches, which 410 

resulted in six transects that defined the two intensive paired sites. Soil core sample locations 411 

were selected on both channel banks of each transect and an island within each transect using the 412 

same random selection process described in section 3.2. Litter was removed, and fine mineral 413 

sediment was sampled where present (some locations were located on bedrock, boulders, or 414 

contained only litter) in increments of ~15 cm until refusal at bedrock or gravel. The number of 415 

soil samples collected at each site varied by the depth of available fine sediment/mineral soil, 416 



 20 

which was sometimes zero (Supplemental Table S3). Surface-water samples were collected at 417 

one location along each of the confined transects and within the main stem and from at least one 418 

side channel along the multithread reaches (totaling 8 samples for Glacier Creek and 9 samples 419 

for Ouzel Creek). Acid-washed Nalgene® HDPE bottles were rinsed six times with water before 420 

a sample was collected. All samples were taken back to the lab where soil samples were frozen 421 

until further analysis and water samples were processed within six hours.  422 

 We quantified dissolved organic carbon (DOC) concentrations in surface-water samples 423 

and floodplain soils and fine sediments. Within six hours of collection, samples were filtered 424 

through pre-combusted (400C) 0.7 μm glass fiber filters (Whatman GF/F) and acidified to pH 3. 425 

DOC was determined by high-temperature combustion catalytic oxidation using a Shimadzu 426 

TOC-VCPN analyzer equipped with a sparging method for non-purgeable OC (hereafter referred 427 

to as DOC) (Shimadzu Corporation Columbia, MD). Detection limits for DOC was 50 µg L-1. 428 

Five grams of floodplain soil and 10 mL of nanopure water (< 18.2 MΩ-cm) were weighed into 429 

sterile 50 mL centrifuge tubes fit with 0.45 μm spin filters. Samples were then centrifuged for 20 430 

minutes at 3,400 rpm and 24C.  431 

 We assessed the structural properties (related to DOM source and bioavailability) of UV-432 

fluorescent dissolved organic matter (FDOM) in surface-water and floodplain soil water 433 

leachates using an Aqualog spectrofluorometer equipped with a xenon excitation source (Horiba-434 

Jobin Yvone Scientific Edison, NJ). Filtered surface- and floodplain-water extracts were 435 

normalized to 5 mg-C L-1, to reduce inner-filter effects. Excitation emission matrices (EEMs) 436 

fluorescence scans were completed from 240-nm to 600-nm excitation and emission 437 

wavelengths, with 3-nm band-pass, 3-nm increments, and 3-second integrations. A sealed 438 

cuvette of deionized (DI) water was analyzed between every 10 samples to account for 439 



 21 

instrument drift and minimize the influence of water Raman peaks in sample spectra. Scans were 440 

blank corrected using DI water and corrected for inner filter effects (Kubista et al. 1994). First 441 

and second order Raleigh scattering were masked (10-nm width masking), and samples were 442 

normalized by the area of the DI water Raman scattering peak (Lawaetz and Stedmon, 2009).  443 

 We quantified five spectral FDOM regions to assess the complexity and heterogeneity of 444 

surface-water and floodplain soil water leachates using the fluorescence regional integration 445 

(FRI) approach (Matlab R2016b) as outlined by Chen et al. (2003). EEMS regions I and II are 446 

related to simple proteins (with similar fluorescence characteristics as tyrosine and tryptophan). 447 

Region III is related to lower molecular weight, aromatic compounds similar to fulvic acids. 448 

Region IV resembles soluble microbial byproducts, and region V is linked with polyaromatic 449 

compounds similar to lignin derivatives, tannins, and polyphenols (Chen et al., 2003; Fellman et 450 

al., 2010). As the FRI approach quantifies regions of wavelength-dependent fluorescent 451 

intensities, it is well suited to capture the underlying heterogeneity and compositional quality of 452 

DOM leached from floodplain soils (Chen et al., 2003; Lynch, et al., 2019). Ultraviolet 453 

absorbance at the 25 nm wavelength was divided by DOC concentration to calculate SUVA254 (L 454 

mg C-1 m-1), an indicator of fluorescing dissolved organic matter (FDOM) aromaticity or 455 

complexity (Weishaar et al., 2003). 456 

 457 

3.8 Tracer application and measurements of discharge 458 

 Salt tracer applications were used to estimate stream discharge at each intensive study 459 

site on the day of sampling for surface water and soils used in fluorescence analysis (see section 460 

3.7). After surface water and soil sample collection was completed, stream tracer additions of 461 

NaCl were added as a single pulse to the upstream end of the upper confined study reach for 462 
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Ouzel Creek (10,000 g) and Glacier Creek (6000 g) intensive study sites. Downstream changes 463 

in specific conductivity were monitored (3-s logging interval, Hobo Conductivity Logger; Onset, 464 

Bourne, Massachusetts) at the downstream end of the upper confined reach. Conductivity sensors 465 

were removed after conductivity reached background conditions. The total specific conductivity 466 

from the tracer application was calculated by integrating beneath the specific conductivity curve. 467 

The tracer applications were used to calculate discharge (Q) flowing into at each of the two 468 

intensive study sites as  469 

𝑄 =  
𝑆𝐶𝑎𝑑𝑑𝑒𝑑

∑ (𝑆𝐶𝑚𝑒𝑎𝑠  𝑥 ∆𝑡)𝑛
𝑖=1

                                                                         (Eq. 1) 470 

where SCadded was the specific conductivity of the NaCl added at the upstream end of each 471 

intensive study site, and ∆𝑡 was the duration of each time step (3 s). SCmeas was the specific 472 

conductivity measured at the downstream end of each reach and corrected for ambient 473 

conductivity. NaCl tracer additions were conducted as part of an unpublished NaNO3 uptake 474 

study. Additional details and appropriate corrections associated with these salt applications are 475 

provided in Supporting Information.  476 

 477 

3.9 Statistical Analysis 478 

  Statistical analyses included examination of correlations, pairwise comparisons, 479 

transformations, and stepwise linear regression, which were all conducted using R statistical 480 

software (R Core Team, 2017).  481 

 Differences in OC storage per area within wood, sediment, and litter (and the sum of all 482 

three reservoirs) between valley types was tested using Tukey HSD pairwise comparisons. For 483 

these comparisons, storage in large wood, soil OC, and the sum of all three reservoirs required 484 
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log transformation to meet assumptions of normality and homoscedasticity; OC storage in litter 485 

required no transformation.  486 

 We reduced variable redundancy in regression analyses by eliminating independent 487 

variables that were strongly cross-correlated, or inherently linked, with other variables 488 

(Supplemental Tables S4, S5). To examine factors that controlled OC storage per area and the 489 

depth of floodplain fine sediment, potential predictor variables were selected using the following 490 

systematic process: the predictor most strongly correlated with the outcome variable was selected 491 

as the first predictor and all other variables highly correlated (r > 7) with any previously selected 492 

variables were eliminated.  493 

 Once variable selection was completed, exhaustive (backward and forward) stepwise 494 

multiple linear regression was conducted to determine the model that best explained the outcome 495 

variable as indicated by the minimized Akaike Information Criterion (AIC; Akaike, 1998). OC 496 

storage per area was transformed with a boxcox power transformation (to meet the assumptions 497 

of normality and homoscedasticity) to identify variables that influenced the combined OC 498 

storage in all three reservoirs (i.e., wood, sediment, litter). No transformations were needed to 499 

meet regression assumptions when predicting fine sediment depth normalized by valley width 500 

(stepwise linear regression metrics, transformations, and results are listed in Table 3). We 501 

evaluated normality of model residuals with Shapiro-Wilk tests (shapiro.test in R) and 502 

examination of qq-plots and histograms. Homoscedasticity was verified by failing to reject the 503 

null hypothesis with an alpha level of 0.05 for the studentized Breusch-Pegan test (bptest 504 

function in R).  505 
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 Principle components analysis (PCA) was conducted on EEMS indices to examine 506 

differences in the chemical composition of OC in surface waters and floodplain leachates 507 

collected along intensive single thread-multithread-single thread reaches.  508 

4. RESULTS 509 

 We find that OC storage is greatest in regions with deep floodplain sediments, 510 

particularly within unconfined single thread channels and our results indicate logjams play a 511 

substantial role in reducing OC in multithread stream reaches. The strongest predictors of 512 

sediment depth included channel slope, valley confinement, and the number of logjams (6-year 513 

average). Relative to unconfined single thread channels, multithread stream reaches had 514 

shallower sediments, lower mean OC contents, and evidence of increased microbial activity and 515 

OM transformation.  516 

 The following subsections summarize OC storage per area in the three reservoirs (wood, 517 

sediment, and litter), focusing on (1) differences in OC storage by valley and channel type (24 518 

study reaches), (2) the role of logjams and channel geometry on floodplain sediment depth 519 

(subset of 9 study reaches), and (3) downstream shifts in FDOM composition through transitions 520 

in channel complexity in logjam-induced multithread reaches (2 intensive study sites).  521 

4.1 Organic carbon storage by valley type in wood, litter, and sediment  522 

Floodplain OC storage in the study area was dominated by the fine sediment component 523 

(102 ±35 to 464 ±165 Mg C ha-1) for all channel types, but relative amounts of storage in all 524 

reservoirs differed across valley and channel type (Figure 2). Unconfined single-thread reaches 525 

stored more OC in fine sediment (464 ±165 Mg C ha-1) than beaver meadows (276 ±179 Mg C 526 

ha-1) and significantly more than confined and partly confined reaches (Table S6). Among all the 527 

study reaches, large floodplain wood loads (13 ±23 to 42 ±3 Mg C ha-1) were the smallest 528 
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reservoir for OC storage (Table S6), followed closely by litter (20 ±12 to 40 ±7 Mg C ha-1). 529 

Among all channel types, beaver meadows contained the lowest OC storage as large floodplain 530 

wood and litter (13 ±23 Mg C ha-1) and multithread channels stored the most (42 ±3 Mg C ha-1). 531 

Higher OC storage in wood and litter within multithread reaches, relative to beaver meadows and 532 

unconfined single thread streams, reflects the abundance of old growth conifer trees in 533 

multithread reaches and the limited number of trees in grass- and willow-dominated meadows.  534 

 535 

Figure 2. Bar plots of OC storage per area. 24 study reaches are represented by five valley types 536 

that vary by degree of confinement and channel complexity. (A) TOC (total OC) is the sum of 537 

combined OC stored in (i) litter, (ii) large wood, and (iii) floodplain fine sediment and soil. (B) 538 

The zoomed in area of OC storage as wood and litter using a different scale provides details of 539 

differences between channel type. Letters a and b indicate group assignments for channel types 540 

within each OC reservoir (based on statistical significance at the 95% confidence level using 541 

Tukey HSD pairwise comparisons). Channel types sharing any combination of a or b are not 542 

significantly different, whereas channel types that do not share a common letter are significantly 543 

different.  544 
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Unconfined valleys (confined, beaver meadow, and multithread reaches) stored more OC 545 

(346 ±177 Mg C ha-1) per area in all reservoirs compared to more narrow valleys (confined and 546 

partly confined reaches; 188 ±107 Mg C ha-1) (Figure 2, Table S6). Unconfined single-thread 547 

reaches stored significantly more OC in all combined reservoirs than confined reaches (Figure 548 

2). Within unconfined valleys, OC storage differed across reach type depending on channel 549 

complexity (i.e., beaver meadows, multithread, unconfined single thread reaches). Single-thread 550 

channels (502 ±161 Mg C ha-1) stored more OC per area than more complex beaver meadows 551 

(309 ±195 Mg C ha-1) and multithread reaches (252 ±39 Mg C ha-1) (Figure 2, Table 2).   552 
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Table 2 553 

Floodplain organic carbon storage in litter, large wood, and soil + fine sediment among all study reaches.  554 

 
 

 
Wood Litter and humus Soil and sediment Combined 

Stream Valley type 
Valley 
area 
(ha) 

Volume 
(m3) 

Carbon 
storage 

(Mg C ha-1) 

Volume 
(m3) 

Carbon 
storage 

(Mg C ha-1) 

Mean 
SOC 
(%) 

Mean 
depth (m) 

Volume 
(m3) 

Carbon 
storage 

(Mg C ha-1) 

Carbon storage 
(Mg C ha-1) 

NSV Confined 0.09 16.8 36.5 82.4 61.0 3.0 0.25 229.8 67.7 165.3 

Ouzel Confined 0.02 6.6 61.7 19.3 37.6 6.6 0.22 47.3 130.8 230.1 

Glacier Confined 0.01 0.6 14.1 7.3 33.5 14.4 0.09 7.9 112.3 159.8 

NSV Confined 0.03 2.1 14.7 26.1 31.8 9.7 0.15 41.4 128.8 175.3 

NSV Confined 0.04 0.8 3.8 18.0 13.7 2.6 0.21 90.3 50.5 68.0 

Glacier Confined 0.04 0.9 4.6 27.6 32.0 8.7 0.16 59.4 124.5 161.1 

NSV 
Partly 

confined  
0.30 17.5 11.5 209.9 

37.7 
4.4 0.19 590.0 76.7 126.0 

Ouzel 
Partly 

confined  
0.06 15.8 55.5 47.4 

35.0 
9.2 0.18 100.6 146.3 236.8 

Glacier 
Partly 

confined  
0.26 28.2 21.4 200.3 

35.1 
4.0 0.19 509.2 70.2 126.7 

Hunters 
Partly 

confined  
0.05 10.7 42.2 40.0 

37.5 
3.2 0.33 169.1 96.9 176.7 

NSVNSV 
Partly 

confined  
0.26 3.5 2.7 51.8 

17.7 
3.0 0.32 815.6 85.0 105.4 

Glacier 
Partly 

confined  
0.05 1.1 4.7 14.4 

9.1 
13.2 0.42 193.0 492.8 506.6 

NSV 
Partly 

confined  
0.43 17.7 8.3 299.6 

53.6 
3.4 0.46 1966.3 139.0 200.8 

Cony Unconfined 0.13 18.4 27.8 47.1 24.4 19.0 0.30 402.4 516.9 569.1 

Glacier Unconfined 0.15 5.0 6.7 80.1 16.0 13.5 0.49 729.5 595.7 618.5 

Mills Unconfined 0.21 7.4 7.1 173.6 32.4 5.4 0.57 1186.3 279.1 318.6 

NSV Beaver 0.58 23.0 7.9 546.1 32.1 11.6 0.54 3126.2 565.1 605.2 

Ouzel Beaver 0.30 79.5 53.4 265.5 30.4 12.5 0.26 773.7 292.5 376.3 

NSV Beaver 5.04 14.7 0.6 2109.6 20.3 5.2 0.57 28798.5 266.3 287.2 

BTR Beaver 3.27 16.4 1.0 1090.6 12.1 2.3 0.60 19501.1 124.0 137.2 

SFP Beaver 0.81 14.6 3.6 91.5 3.1 2.8 0.51 4187.5 130.4 137.1 

NSV Multithread 0.49 103.1 42.0 558.5 43.5 5.2 0.26 1269.3 121.5 207.0 

Glacier Multithread 0.12 26.8 45.5 106.0 31.7 9.6 0.23 268.6 196.9 274.1 

Ouzel Multithread 0.37 74.1 39.9 452.4 44.5 8.9 0.24 881.7 190.7 275.1 

Note: Reach abbreviations include BTR =  Big Thompson River, GCK = Glacier Creek, NSV = North Saint Vrain Creek, SFP = South Fork Cache La Poudre River 

555 



 28 

 Stepwise regression results indicate that OC storage per area is greatest in less confined 556 

valleys, low-gradient streams, and at higher elevations. The optimal regression model explaining 557 

potential controls on the amount of OC storage per area includes elevation, stream gradient, and 558 

valley confinement (Table 3). This makes sense because narrow valley types (confined and 559 

partly confined reaches) that store less OC per area have steeper stream gradients and are more 560 

confined. Valley confinement also increases below the terminal extent of Pleistocene glaciation 561 

and the knickpoint at the contact between igneous and sedimentary rocks. Unconfined single 562 

thread and beaver meadow reaches are less confined and tend to have lower stream gradients 563 

than multithread reaches and narrower valley types (Table 1). 564 

Table 3 Stepwise regression transformations and results 565 

  
Combined  OC 

storage 

Fine sediment depth 
standardized by valley 

width  

Transformation  𝜆 = -0.38384 n/a 

Intercept 3.49E-01 *** -9.11E-02  

Elevation -8.17E-05 *** 3.53E-05  

Stream 
gradient 

3.34E-01 * 1.60E-01 * 

Confinement  -1.11E-03  n/a 

Drainage area n/a -6.77E-04  

Annual 
average 
number of 
logjams 

n/a -2.40E-03 * 

r2 0.7093 *** 0.7374 * 

p-value 3.46E-06   0.05   

Note: statistical significance for each variable and optimal 
multiple linear regression model denoted with *** for p<0.001, 
** for p<0.01, * p<0.05, and . for p<0.1  

  Combined  OC storage 
Fine sediment depth 

standardized by 
valley width  

Transformation  𝜆 = -0.38384 n/a 
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Intercept 3.49E-01 *** -9.11E-02  

Elevation -8.17E-05 *** 3.53E-05  

Stream 
gradient 

3.34E-01 * 1.60E-01 * 

Confinement  -1.11E-03  n/a 

Drainage area n/a -6.77E-04  

Annual 
average 
number of 
logjams 

n/a -2.40E-03 * 

r2 0.7093 *** 0.7374 * 

p-value 3.46E-06   0.05   

Note: statistical significance for each variable and optimal multiple linear 
regression model denoted with *** for p<0.001, ** for p<0.01, * p<0.05, and . for 
p<0.1  

 Differences in OC storage among the three unconfined valley types (beaver meadows, 566 

multithread, and unconfined single thread reaches) are reflected in sediment depth and OC 567 

content. Beaver meadows and unconfined single-thread channels have higher mean floodplain 568 

fine sediment depth than multithread channel reaches, although these differences are not 569 

statistically significant  (Figure 3A). Unconfined single-thread study reaches also have the 570 

highest mean OC content across all channel types and substantially more than multithread 571 

channel reaches (Figure 3B). 572 

 573 
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 574 

Figure 3. Boxplots of floodplain soil depth and mean soil organic carbon content (OC) by valley 575 

type. Letters a and b indicate group assignments for channel types within each OC reservoir 576 

(based on statistical significance at the 95% confidence level using Tukey HSD pairwise 577 

comparisons). Channel types sharing any combination of a or b are not significantly different, 578 

whereas channel types that do not share a common letter are significantly different. 579 

 580 

4.2 Logjams and fine sediment storage 581 

 The optimal model from stepwise multiple linear regression indicates that ~74% of the 582 

variability in average floodplain fine sediment depths, standardized by valley width, is best 583 

explained by the six-year average number of logjams, stream gradient, drainage area, and 584 
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elevation (Table 3). This means that increased number and frequency of logjams within a given 585 

river segment is linked with shallower floodplain fine sediment when also considering valley 586 

width and stream gradient (Supplemental Table S5).  587 

4.3 Organic matter composition in multithread intensive study reaches 588 

 Using principal components analysis (PCA), we identified relationships between channel 589 

complexity and the structural characteristics of fluorescing dissolved OM (FDOM) collected 590 

from stream flow and adjacent floodplain soils within the two intensive study segments.  591 

 FDOM signatures of stream water samples indicate distinct changes in DOM 592 

composition at transitions from confined to multithread channels that influence the downstream-593 

most reach within the intensive study sites. Stream water (Figure 4A) flowing from confined 594 

reaches into multithread channel reaches had optical properties consistent with terrestrially 595 

derived organic acids (regions III and V). FDOM complexity (SUVA254) and the relative 596 

abundance of protein-like compounds (EEMS regions I, II) that are typically associated with 597 

microbial sources (Lynch, et al., 2019) increased within multithread networks. Regions II and V 598 

were also more variable within multithread reaches, potentially reflecting more diverse pathways 599 

for microbial transformation of terrestrially-derived OC. Surface water flowing through lower 600 

confined reaches retained the heterogeneous signature imparted by multithread channels, with 601 

relatively more microbially-derived proteinaceous features than upper confined reaches (Figure 602 

4C).  603 
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 604 

Figure 4. Principal components analysis (PCA) of FDOM composition (A, B) and a diagram 605 

illustrating results as a function of channel complexity (C). The contribution (in percent) of 606 

individual variables (vector shade) and samples (symbol size) to principal components 1 and 2 607 

are shown for (A) surface waters and (B) soil leachates (data provided in Table S7). Shaded 608 

ellipses correspond to 95% confidence intervals for the upper confined (red), lower confined 609 

(blue), and middle multithread (yellow) reaches. The diagram (C) depicts two sampling transects 610 

within each reach (colors match PCA plots).  611 

 612 

 EEMS spectra of floodplain soil leachate contained a similar, but opposite, shift in the 613 

signatures of DOM at the study sites. The relative intensities of EEMS regions II and IV 614 

(representing simple proteins and byproducts of microbial metabolism) were highest in soil 615 
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leachate collected from upper, confined reaches flowing into multithread channels (Figure 4B). 616 

Similar to the pattern found in surface waters, the fluorescent properties of floodplain soil 617 

leachates within multithread reaches reflect both terrestrial and microbial-derived OC. However, 618 

the variability in fluorescence spectra of floodplain leachates collected from multithread reaches 619 

was more constrained, relative to upstream and downstream single-thread reaches, than that 620 

found in adjacent surface waters (Figure 4B). Floodplain soil leachates collected from lower, 621 

confined reaches had higher relative percent intensities of regions III and V, reflecting a more 622 

diverse array of terrestrially-derived organic acids relative to the upstream reach.  623 

 In both surface waters and floodplain soil leachates, FDOM variability was highest in 624 

multithread reaches. Although FDOM variability decreases in single-thread planform 625 

downstream of multithread reaches, some complexity of FDOM within multithread reaches is 626 

retained within lower single-thread reaches relative to upper confined channels (Figure 4C).  627 

 Discharge during the time of sampling was typical of mean flows in August at the base of 628 

receding limbs of annual snowmelt-dominated hydrographs. Discharge measured from tracer 629 

additions at the intensive study sites were 0.27 m3 s-1 at Ouzel Creek and 0.20 m3 s-1 at Glacier 630 

Creek. We use relative comparison of discharge during typical years and the time of sampling at 631 

a USGS gauge ~8 km downstream from the Glacier study site to place our measured discharge 632 

values into context. Monthly average discharge at the Big Thompson Creek gauge at Moraine 633 

Park during June, July, August, and September are 7.37, 3.64, 1.38, and 0.86 m3 s-1. For 634 

comparison, discharge at the Big Thompson River gauge downstream of the Glacier Creek 635 

intensive study site was 1.39 m3 s-1 during the day of sampling for fluorescence on 19 August, 636 

2014 (Figure S2). 637 

 638 
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5. Discussion 639 

5.1 Organic carbon storage by valley type and valley-channel morphology 640 

 Our findings build upon previous work by showing that unconfined valleys store more 641 

OC per area than confined valleys (Wohl et al., 2012), but also elucidate mechanisms to explain 642 

why OC storage per area is not highest in logjam-induced multithread channels. While OC 643 

storage in beaver meadows was not as high as unconfined single-thread channels, they do 644 

constitute substantial storage. Other studies report similar levels of OC storage in Colorado Front 645 

Range (CFR) beaver meadows, but suggest OC storage decreases when meadows are abandoned 646 

(Wohl, 2013; Laurel & Wohl, 2019). Following beaver abandonment, channels incise and water 647 

tables decline, which likely cause decreased fluvial deposition of OM across the floodplain and 648 

loss of riparian vegetation. Seasonal changes in hydrologic connectivity have also been 649 

correlated with shifts in the molecular composition of OM flowing through multithread beaver 650 

meadows (Lynch, et al. 2019). During base-flow conditions, Lynch et al. (2019) found that 651 

hydrologic connectivity declined and DOM diversity increased. The authors contributed these 652 

observations to hydrologic fragmentation and greater turnover and release of microbial 653 

metabolites. The results we present here suggest similar hydrologic controls catalyze OM 654 

transformation, because fine-sediment OC content is lower in multithread channel reaches and 655 

FDOM signatures indicate an increase microbial transformation of OM in these complex 656 

streams.  657 

 Lower OC storage in the floodplain sediments of multithread channels is driven by two 658 

primary characteristics among the study reaches: (1) shallower fine sediments and (2) lower OC 659 

content. Our results inform two conceptual models described in detail below that explain 660 

observed decreases in fine sediment depth and OC content along multithread reaches. 661 
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 662 

5.2 Logjams and floodplain fine sediment depth 663 

The mean depth of floodplain fine sediment along single-thread channels in unconfined 664 

valleys (45 ± 14 cm) is deeper (although not significantly, p = 0.3) than multithread channels (24 665 

± 2 cm; Figure 3.). As a result, fine sediment volume and OC storage per area is higher in 666 

unconfined single-thread than multithread reaches despite similar valley widths. 667 

Recruitment of old-growth trees into the stream channel and the formation of channel-668 

spanning logjams can facilitate floodplain aggradation and complex topography in headwater 669 

streams (Sear et al., 2010), stabilizing vegetated islands and fine sediment storage in large 670 

alluvial valleys (Collins et al., 2012). However, our results along smaller streams (< 200 km2), 671 

suggest multiple channels of flow across the valley bottom limit total fine sediment storage for 672 

valleys of similar width.  673 

Large instream wood and logjams act in tandem to separate flow, decreasing flow depth 674 

and shear stress. Because large wood and logjams obstruct flow in channels, they dissipate force 675 

acting on the bed and partition shear stress so that less shear stress is available to transport 676 

sediment (Manga & Kirchner, 2000). The accumulation of gravels behind logjams (Cadol & 677 

Wohl, 2011), further divert flow into multiple channels. Limited competence to mobilize coarser 678 

sediment could in turn facilitate bank erosion, undercutting of trees, and channel avulsions (Sear 679 

et al., 2010; Polvi & Wohl, 2013). Transport of fine sediment within multithread reaches across 680 

the relatively low floodplain further limits fine sediment aggradation across the floodplain and 681 

vegetated bars (see Extended Discussion in Supplemental Material). 682 

 In contrast, single-thread unconfined channel floodplains dominated by densely growing 683 

rushes, sedges, and woody shrubs stabilize channel banks and provide erosion resistance (Simon 684 
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& Collison, 2002). Energy dissipation across the broad floodplains of single-thread channels 685 

results in fine overbank sediment accumulation, providing additional bank cohesion and erosion 686 

resistance. Transport of both fine and coarse sediment in the channel and aggradation of the 687 

floodplain increases channel cross sectional area and the ability to convey larger flows. The 688 

resulting increase in potential bed shear stress ensures continued transport of coarse grains and a 689 

positive feedback that maintains a single-thread channel. Accumulation of floodplain fine 690 

sediment and release of OM from floodplain vegetation (litter and root exudate inputs) may 691 

further increase OC storage per area in single thread channels of unconfined valleys.  692 

 693 

5.3 Multithread channels as hotspots for OM transformation 694 

 Multithread reaches contain lower OC content in floodplain fine sediments than their 695 

single-thread counterparts flowing through unconfined valleys (Table 2). This result is linked to 696 

two primary factors: (1) differences in OC sources and (2) inferred differences in mixing and the 697 

transit time of water and entrained OC in multithread and unconfined single thread reaches.  698 

 Although we assume a substantial portion of OC inputs to floodplains in the CFR are 699 

fluvially transported, a portion of OC is derived from in-situ sources of OC, which differ 700 

between logjam-induced multithread reaches and unconfined valley segments. Within our study 701 

sites, multithread reaches lack abundant vegetative ground cover. Our observations of the highest 702 

wood and litter storage in multithread channel compared with other stream types indicate that  703 

coarse particulate OM is a substantial source of floodplain OC in multithread channels . In 704 

contrast, unconfined single-thread reaches have abundant rush and sedge communities, which 705 

likely release root exudates and litter directly to the floodplain. Thus, differences in riparian 706 
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vegetation, which co-vary with channel morphology, likely play a role in OC storage by 707 

influencing OM inputs and quality (i.e., potential decomposability).  708 

 Higher moisture content observed on the floodplain surface of unconfined single-thread 709 

floodplains compared to multithread reaches likely facilitates positive feedbacks with bedrock 710 

chemical weathering. Increased moisture at the bedrock/regolith interface increases chemical 711 

weathering and bedrock fracturing, which in turn could increase groundwater input into these 712 

reaches. Groundwater discharge could facilitate increased OC concentrations along unconfined 713 

floodplains, but organic-rich sedimentary rocks are virtually non-existent in the study area 714 

(Braddock & Cole, 1990). At the same time, high soil moisture within old growth forest 715 

floodplains may limit (1) conifer growth, (2) wood recruitment to channels, (3) logjams, and (4) 716 

the transition into multithread channel systems, creating a stable state for moist, grassy 717 

floodplains with few conifers.  718 

 Our observations of downstream shifts in FDOM composition within the Glacier and 719 

Ouzel Creek intensive study sites provide mechanistic insight into the influence of channel 720 

complexity on organic carbon storage (Figure 4C). We observed that flow in single-thread 721 

channels upstream of multithread systems had a higher relative abundance of FDOM compounds 722 

characteristic of terrestrial inputs (Figure 4A). In contrast, upstream single-thread floodplain 723 

leachates reflected the signatures of microbial activity working to break down that OM (Figure 724 

4B). Greater structural heterogeneity within the FDOM pool and higher relative abundance of 725 

protein-rich microbial derivatives are present in multithread channels. FDOM signatures in 726 

downstream narrow single thread channels reflect fluvial transport of complex terrestrial DOM 727 

from upstream multithread reaches. This lingering increase in FDOM complexity suggests 728 
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abundant hyporheic exchange, increased microbial transformation of OM, and OM flushing from 729 

floodplain sediment within multithread channel reaches. 730 

 Our findings reflect increased opportunities for terrestrial-derived OM (e.g. lignin-731 

derivatives and higher molecular weight organic acids) to be compositionally altered by 732 

microbial transformation or photo-oxidation through abundant mixing and hyporheic exchange 733 

in multithread channels. Channel complexity promotes increased hyporheic exchange, oxygen 734 

availability, and water and DOC transit times (Danczak et al., 2016; Gooseff et al., 2007). These 735 

conditions in complex channels facilitate oxidation of OM (Battin et al., 2008; Boye et al., 2017), 736 

flushing of OM from floodplain sediment, and mixing of OM pools in both sediment and surface 737 

waters (Stegen et al., 2016; Figure 4C). Thus, microbial and invertebrate communities have 738 

greater opportunities to assimilate and transform OM, reducing OC storage through 739 

CO2 mineralization to the atmosphere. These transformations have important implications for 740 

substrate quality as FDOM is exported to higher-order river networks. 741 

  Findings presented here support past work that identified morphologically complex 742 

multithread streams as hotspots for the decomposition and transformation of OC (Battin et al., 743 

2008; Lynch, et al., 2019). These complex channels in the CFR support higher aquatic 744 

invertebrate, rainbow trout, and cutthroat trout biomass relative to less-complex, single-thread 745 

channels (Livers & Wohl, 2016; Wohl et al., 2017; Herdrich et al., 2018; Venarsky et al., 2018). 746 

Here we show that increases in microbial activity and OM turnover within complex multithread 747 

reaches may provide the resources necessary at the bottom of the food web to facilitate increased 748 

productivity in these mountainous stream ecosystems.  749 

6 Implications: Floodplain organic carbon dynamics under shifting hydrologic regimes 750 
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Incorporating floodplain C dynamics into the terrestrial OC budget requires investigating 751 

potential changes in hydrologic flow regime, floodplain hydrologic connectivity, erosion, and 752 

sedimentation that could alter sediment and OC floodplain reservoirs. The dynamic nature of 753 

rivers and their sensitivity to anticipated changes in precipitation and hydrologic flow regimes 754 

are poised to trigger changes in sediment dynamics and hydrologic connectivity that may shift 755 

the role of floodplains as OC sinks or sources (Sutfin et al., 2016). Observed decreases in 756 

snowpack and earlier snowmelt (Stewart, 2009), elevational shifts in rain-snow transitions 757 

(Kampf & Lefsky, 2016), and changes in precipitation regimes may drastically alter the timing, 758 

frequency, and magnitude of river flows (Bates et al., 2008).  759 

Observed and projected changes in river flows in response to land use and flow 760 

regulation are well known (Dunne & Leopold, 1978; Richter et al., 1996; Poff et al., 1997), but 761 

those associated with climate change are riddled with uncertainty (Hirsch & Archfield, 2015; 762 

Sharma et al., 2018; Gudmundsson et al., 2019; Tabari, 2020). Possible responses to a changing 763 

climate could result in different changes in floodplain OC storage within the CFR and similar 764 

snowmelt-dominated mountainous systems, particularly under additional societal pressure of 765 

land use and flow regulation. We consider two possible contrasting, but not mutually exclusive, 766 

hydrologic responses (increase in floods and the loss of hydrologic connectivity) under a 767 

changing climate and societal pressure. Our results suggest OC storage in floodplains will 768 

respond to these changes differently depending on channel and valley geometry. 769 

Extreme precipitation may increase the magnitude of rare extreme floods (Gudmundsson 770 

et al., 2019; Tabari, 2020) – which are exacerbated by deforestation (Dunne & Leopold, 1978), 771 

urbanization (Blum et al., 2020), and wildfire (Moody & Ebel, 2012) – and alter floodplain 772 

aggradation, erosion, and OC storage. Steeper river channels in confined valleys in the CFR 773 
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Montane zone are particularly susceptible to large floods (Sutfin & Wohl, 2019). Losses in 774 

floodplain sediment and associated OC storage were observed following the 2013 flood in the 775 

CFR (Rathburn et al., 2017), which evacuated floodplain fine sediment after sample collection 776 

occurred at four of our study reaches.  777 

In contrast, wider valleys have the capacity to accommodate floods, dissipate flow 778 

energy, and attenuate flood waves, all of which facilitate increases in aggradation of fine 779 

sediment (Dunne & Leopold, 1978; Wohl et al., 2015) and OC storage. Our observations indicate 780 

deeper fine sediment and higher OC content in unconfined single thread reaches. Because high-781 

elevation, unconfined valleys that are unaltered by wildfire in the last 500 years store sediment 782 

for greater than 1,200 years in the study area (N. A. Sutfin & Wohl, 2019), we can assume 783 

contemporary floodplain sediment represents accumulation and storage over a range of annual 784 

floods up to the approximate 1000-year flood. This indicates that single thread and multithread 785 

streams in unconfined valleys will facilitate increases in sediment and OC storage during floods 786 

under both projected increases in extreme events (Gudmundsson et al., 2019; Tabari, 2020) and 787 

observed increases in the frequency of smaller floods (Hirsch & Archfield, 2015; Sharma et al., 788 

2018). These changes in flood frequency and magnitude are likely to influence OC accumulation 789 

depending on valley geometry, but our results indicate that channel complexity will regulate the 790 

mineralization of and decrease in stored OC. 791 

Anticipated decreases in hydrologic connectivity across valley bottoms in response to 792 

decreased snowpack, more frequent drought, or lower baseflows (Stewart, 2009; Alexander et 793 

al., 2015) will affect OC storage in unconfined valleys depending on channel complexity. 794 

Decreases in lateral connectivity across valley bottoms limit overbank floodplain deposition, 795 

which could limit OC storage in unconfined single thread valleys. However, we anticipate a 796 
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more complex response in multithread channel reaches, in which our results indicate increased 797 

microbial activity and transformation of OM. Projected decreases in lateral and longitudinal 798 

hydrologic connectivity under a changing climate, flow diversions, and dams will decrease local 799 

ground water table elevations and rates of hyporheic exchange (Alexander et al., 2015). Because 800 

seasonal decrease in connectivity has been linked to increased microbial transformation of OM 801 

in complex multithread streams (Lynch, et al., 2019), our observed increase in FDOM diversity 802 

in multithread reaches of our study sites are indicative of the relatively low flow conditions 803 

during the time of sampling. Thus a loss of connectivity in reaches that already exhibit lower OC 804 

content and higher microbial mineralization of OM, could facilitate a significant loss in OC 805 

storage and sources of OM to downstream food webs.  806 

7 Conclusion 807 

 Mountainous headwater streams are important components of the terrestrial carbon cycle, 808 

contributing to long-term carbon storage and ecosystem productivity. Stepwise regression results 809 

presented here indicate that OC storage along river corridors of the CFR is higher in relatively 810 

unconfined valleys, in low-gradient valleys, and at higher elevations. Our results show that 811 

unconfined valleys store more OC per area than more confined valleys, but single thread 812 

channels store more OC than more complex multithread channels in unconfined valleys. We 813 

attribute this in part, to the dissipation of energy along elevated, cohesive, and grass-dominated 814 

floodplains of single thread channels in unconfined valleys that promote the aggradation of fine 815 

sediment and OC. However, the aggradation of floodplain fine sediment and OC storage is 816 

limited where channels in unconfined valleys develop multithread channel planforms in response 817 

to persistent channel-spanning logjams. We posit that decreased flow depth and partitioning of 818 

shear stress across logjams and numerous channels of flow in multithread streams limit coarse 819 
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sediment transport and facilitate selective transport of finer sediment and OM. These processes 820 

limit fine sediment aggradation and the magnitude of OC storage per unit area. Shallower fine 821 

sediment storage and increased microbial transformation of OM compared to single thread 822 

reaches decrease OC storage. Our results of increased OM transformation and lower OC content 823 

in multithread streams compared to single thread channels support observations by others that 824 

link channel complexity with increased hyporheic exchange, transit time of water, and 825 

opportunities for microbial transformation of OM. Although multithread channels do not store 826 

the most OC per area, they serve as hotspots for OM transformation and sources for downstream 827 

aquatic food webs. These results suggest that valley geometry and channel complexity regulate 828 

the OC-storage response to observed increases in flood frequency, predicted increases in flood 829 

magnitude, and anticipated losses in hydrologic connectivity within streams.  830 
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Figure 1. Map of the study area along the Colorado Front Range of the Rocky Mountains, U.S. 1122 

Twenty-four study reaches representing five different channel types (A) are indicated in the 1123 

legend. Large rectangles with bold outlines identify intensive study sites that capture transitions 1124 

in channel complexity (single-multiple-single thread reaches) on Glacier Creek (B) and Ouzel 1125 

Creek (C). At these intensive study sites, organic matter composition was examined along 1126 

transitions in valley confinement using fluorescence spectroscopy. Logjam surveys were 1127 

conducted in the N. Saint Vrain Creek Basin upstream of the Rocky Mountain National Park 1128 

boundary. 1129 

 1130 

Figure 2. Bar plots of OC storage per area. 24 study reaches are represented by five valley types 1131 

that vary by degree of confinement and channel complexity. (A) TOC (total OC) is the sum of 1132 

combined OC stored in (i) litter, (ii) large wood, and (iii) floodplain fine sediment and soil. (B) 1133 

The zoomed in area of OC storage as wood and litter using a different scale provides details of 1134 

differences between channel type. Letters a and b indicate group assignments for channel types 1135 

within each OC reservoir (based on statistical significance at the 95% confidence level using 1136 

Tukey HSD pairwise comparisons). Channel types sharing any combination of a or b are not 1137 

significantly different, whereas channel types that do not share a common letter are significantly 1138 

different.  1139 

 1140 

Figure 3. Boxplots of floodplain soil depth and mean soil organic carbon content (OC) by valley 1141 

type. Letters a and b indicate group assignments for channel types within each OC reservoir 1142 

(based on statistical significance at the 95% confidence level using Tukey HSD pairwise 1143 
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comparisons). Channel types sharing any combination of a or b are not significantly different, 1144 

whereas channel types that do not share a common letter are significantly different. 1145 

 1146 

Figure 4. Principal components analysis (PCA) of FDOM composition (A, B) and a diagram 1147 

illustrating results as a function of channel complexity (C). The contribution (in percent) of 1148 

individual variables (vector shade) and samples (symbol size) to principal components 1 and 2 1149 

are shown for (A) surface waters and (B) soil leachates (data provided in Table S7). Shaded 1150 

ellipses correspond to 95% confidence intervals for the upper confined (red), lower confined 1151 

(blue), and middle multithread (yellow) reaches. The diagram (C) depicts two sampling transects 1152 

within each reach (colors match PCA plots).  1153 

 1154 

Table 1 1155 

Physical attributes of the 24 study reaches.  1156 

 1157 

Table 2 1158 

Floodplain organic carbon storage in litter, large wood, and soil + fine sediment among all study 1159 

reaches.  1160 
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Table S1. Table of bulk density measurements made along numerous study reaches 

Location/stream Reach 
Sample 

# 

Min 
Depth 
(cm) 

Max 
depth 
(cm) 

Ave 
depth 
(cm) 

Sampler 
radius 
(cm) 

Soil 
volume 
(cm3) 

Dry 
Mass 

(g) 

Dry bulk 
density 
(g/cm3) 

Glacier Creek MT2 S1.0 3.5 11 7.25 3.65 293 260.48 0.89 
North St. Vrain MT1 S10.0 3.5 11 7.25 3.65 293 146.12 0.50 
Glacier Creek IMT2 S1.0 3.5 11 7.25 3.65 314 258.13 0.82 
Mills Creek UC3 S8.0 3.5 11 7.25 3.65 293 181.56 0.62 

Mills Creek UC3 S11.0 3.5 11 7.25 3.65 293 139.98 0.48 
Mills Creek UC3 S11.1 28 34 31 3.65 293 286.11 0.98 
Mills Creek UC3 S11.1 33 40 36.5 3.65 293 282.35 0.96 
Mills Creek UC3 S8.0 8 15 11.5 3.65 293 174.39 0.60 
Mills Creek UC3 S11.0 16 23 19.5 3.65 293 135.96 0.46 
Ouzel Creek PC2 S4.1 3 15 9 0.65 16 17.99 1.13 

North St. Vrain PC7 S1.1 10 25 17.5 0.65 20 18.89 0.95 
North St. Vrain PC1 S21.1 4 11 7.5 3.65 293 379.9 1.30 
North St. Vrain PC1 S21.2 28 34 31 3.65 293 283.36 0.97 
South Fork Poudre 
River AB6 S1.0 3.5 11 7.25 3.65 293 356.49 1.22 
South Fork Poudre 
River AB6 S1.1 28 34 31 3.65 293 376.5 1.29 
South Fork Poudre 
River AB6 S3.0 3.5 11 7.25 3.65 293 244.7 0.84 
South Fork Poudre 
River AB6 S3.1 28 34 31 3.65 293 328.3 1.12 
South Fork Poudre 
River AB6 S6.0 3.5 11 7.25 3.65 293 288.92 0.99 
South Fork Poudre 
River AB6 S7.0 3.5 11 7.25 3.65 293 248.92 0.85 
South Fork Poudre 
River AB6 S10.0 3.5 11 7.25 3.65 293 268.78 0.92 
Big Thompson River AB5 S2.0 3.5 11 7.25 3.65 293 153.29 0.52 
Big Thompson River AB5 S7.1 3.5 11 7.25 3.65 293 240.27 0.82 
Big Thompson River AB5 S7.2 28 34 31 3.65 293 269.89 0.92 
Big Thompson River AB5 S9.2 28 34 31 3.65 293 353 1.21 
Big Thompson River AB5 S11.1 3.5 11 7.25 3.65 293 262.88 0.90 

Big Thompson River AB5 S11.2 28 34 31 3.65 293 288.82 0.99 
Big Thompson River AB5 S20.1 8.5 15.5 12 3.65 293 266.06 0.91 
Big Thompson River AB5 S20.2 28 34 31 3.65 293 234.28 0.80 
Big Thompson River AB5 S9.1 5 12 8.5 3.65 293 284.67 0.97 
Big Thompson River AB5 S1.0 6 21 13.5 0.65 20 21.4 1.08 
Ouzel Creek AB2 S1b 23 40 31.5 0.65 23 20.32 0.90 

Big Thompson River AB5 S1.1 21 31 26 0.65 13 13.72 1.03 
Ouzel Creek CF2 S4.2 19 44 31.5 0.65 33 5.69 0.17 

        Mean 0.88 

        STD 0.25 
  



 
 

 
 

Table S2. Number of logjams observed over a six-year time period within a subset of the 
study reaches. 
 

Reach Stream 

Surveyed 
length 
(m) 

Transect 
spacing 

Wood 
reach 
length 
(m) 2010 2011 2012 2013 2014 2015 

6-yr 
average 

MT1 NSV 100 10 120 3 4 4 6 6 6 4.83 

CF4 NSV 70 7 84 0 0 1 1 0 0 0.33 

AB1 NSV 87 8.7 104.4 0 1 1 0 1 1 0.67 

MT3 OCK 74 7.4 88.8 3 3 3 6 2 5 3.67 

AB2 OCK 73 7.3 87.6 2 3 3 4 5 4 3.50 

CF2 OCK 55 5.5 66 1 2 1 1 0 0 0.83 

PC2 OCK 63 6.3 75.6 0 0 0 0 0 0 0.00 

UC1 CCK 56 5.6 67.2 0 0 0 0 1 2 0.50 

PC4 HCK 39 3.9 46.8 0 1 2 1 2 1 1.17 

 

Table S3. Number of surface and soil water samples collected along each stream. 

  Ouzel Glacier 
Reach Water Soil Water Soil 
Upper 2 9 2 3 
Multithread 5 2 4 6 
Lower 2 9 2 10 

 



 
 

 
 

Table S4. Correlation (r) tables for organic carbon storage per area in different reservoirs and channel and valley characteristics 

  

Valley 

width 

(m) 

Channel 

width 

(m) 

Confinement 

(m/m) 

Stream 

Gradient 

(m/m) 

Drainage 

Area 

(km2) 

Elevation 

(m) 

Soil 

moisture 

(%) 

SOC 

(Mg C 

ha-1) 

Duff 

Mg C 

ha-1) 

Wood 

(Mg C 

ha-1) 

Total 

(Mg C 

ha-1) 

Valley width 

(m) 1 0.48 0.88 -0.45 0.52 -0.29 -0.06 0.07 -0.3 -0.34 0 
Channel 

width (m) 0.48 1 0.12 -0.41 0.61 -0.88 0.06 -0.41 -0.06 -0.49 -0.49 
Confinement 

(m/m) 0.88 0.12 1 -0.4 0.27 0.04 -0.06 0.31 -0.21 -0.17 0.28 
Stream 

Gradient 

(m/m) -0.45 -0.41 -0.4 1 -0.36 0.4 0.23 -0.3 0.33 0.38 -0.24 
Drainage 

Area (km2) 0.52 0.61 0.27 -0.36 1 -0.54 0.15 -0.23 -0.35 -0.43 -0.32 

Elevation (m) -0.29 -0.88 0.04 0.4 -0.54 1 -0.16 0.49 0.15 0.46 0.57 
Soil moisture 

(%) -0.06 0.06 -0.06 0.23 0.15 -0.16 1 -0.29 -0.14 -0.14 -0.33 
SOC (Mg C 

ha-1) 0.07 -0.41 0.31 -0.3 -0.23 0.49 -0.29 1 -0.31 -0.15 0.98 
Duff Mg C ha-

1) -0.3 -0.06 -0.21 0.33 -0.35 0.15 -0.14 -0.31 1 0.51 -0.17 
Wood (Mg C 

ha-1) -0.34 -0.49 -0.17 0.38 -0.43 0.46 -0.14 -0.15 0.51 1 0.01 
Total (Mg C 

ha-1) 0 -0.49 0.28 -0.24 -0.32 0.57 -0.33 0.98 -0.17 0.01 1 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

Table S5. Correlation (r) tables for fine sediment depth, channel characteristics, and valley geometry. 

  

Drainage 

Area 

(km2) 

Elevation 

(m) 

Stream 

Gradient 

(m/m) 

Reach 

length 

(m) 

Valley 

width 

(m) 

Channel 

width 

(m) 

Confinement 

(m/m) 

Surface 

Area 

(m2) 

Floodplain 

Volume 

(m3) 

Calculated 

sediment 

depth (m) 

6-year 

average 

number 

of 

logjams 

Depth 

standardized 

by valley 

width (m/m) 

Drainage Area (km2) 1 -0.4 0 0.56 0.35 0.59 0.04 0.42 0.6 0.4 -0.19 -0.32 
Elevation (m) -0.4 1 -0.16 -0.16 -0.03 -0.27 -0.23 -0.1 -0.36 -0.19 0.43 0.04 
Stream Gradient (m/m) 0 -0.16 1 -0.25 -0.64 -0.28 0.83 -0.58 -0.51 -0.48 -0.27 0.68 
Reach length (m) 0.56 -0.16 -0.25 1 0.81 0.77 -0.46 0.83 0.66 0.2 0.57 -0.81 
Valley width (m) 0.35 -0.03 -0.64 0.81 1 0.59 -0.84 0.99 0.86 0.58 0.65 -0.83 
Channel width (m) 0.59 -0.27 -0.28 0.77 0.59 1 -0.25 0.61 0.57 0.19 0.31 -0.66 
Confinement (m/m) 0.04 -0.23 0.83 -0.46 -0.84 -0.25 1 -0.8 -0.63 -0.56 -0.61 0.73 
Surface Area (m2) 0.42 -0.1 -0.58 0.83 0.99 0.61 -0.8 1 0.9 0.62 0.6 -0.8 
Floodplain Volume (m3) 0.6 -0.36 -0.51 0.66 0.86 0.57 -0.63 0.9 1 0.84 0.21 -0.58 
Calculated depth (m) 0.4 -0.19 -0.48 0.2 0.58 0.19 -0.56 0.62 0.84 1 -0.06 -0.19 

6-year average number 

of logjams -0.19 0.43 -0.27 0.57 0.65 0.31 -0.61 0.6 0.21 -0.06 1 -0.6 
Depth normalized by 

valley width (m/m) -0.32 0.04 0.68 -0.81 -0.83 -0.66 0.73 -0.8 -0.58 -0.19 -0.6 1 
 



 
 

 
 

Table S6. Fluorescence data from floodplain sediment leachate and water samples 

Site 
Stream 

ID Stream Reach Reach type 
Sample 

Type 
Region 

I 
Region 

II 
Region 

III 
Region 

IV 
Region 

V 
SUVA 
254 

1 OCK Ouzel UC1 Upper soil 16.41 35.78 19.95 20.88 6.99 0.18 
2 OCK Ouzel UC1 Upper soil 22.09 38.44 10.09 26.20 3.19 0.18 
3 OCK Ouzel UC1 Upper soil 12.75 36.46 20.91 22.95 6.94 0.18 
4 OCK Ouzel UC2 Upper soil 16.07 38.71 16.20 23.84 5.18 0.18 
5 OCK Ouzel UC2 Upper soil 17.33 45.91 8.69 25.48 2.59 0.18 
6 OCK Ouzel UC2 Upper soil 19.34 35.30 14.38 26.32 4.66 0.19 
7 OCK Ouzel UC2 Upper soil 14.34 39.78 16.11 24.75 5.02 0.17 
8 OCK Ouzel UC2 Upper soil 17.72 37.69 15.83 23.86 4.89 0.18 
9 OCK Ouzel UC2 Upper soil 20.62 41.33 5.50 28.55 4.00 0.18 

10 OCK Ouzel MT Multithread soil 15.62 40.19 12.69 27.29 4.20 0.19 
11 OCK Ouzel MT Multithread soil 18.61 33.81 19.23 22.39 5.95 0.18 
12 OCK Ouzel LC2 Lower soil 11.39 28.86 33.90 14.34 11.50 0.18 
13 OCK Ouzel LC2 Lower soil 13.42 30.31 31.21 14.64 10.41 0.18 
14 OCK Ouzel LC2 Lower soil 17.70 35.65 25.98 13.77 6.89 0.17 
15 OCK Ouzel LC1 Lower soil 13.53 32.53 27.03 17.98 8.92 0.18 
16 OCK Ouzel LC1 Lower soil 14.13 33.52 23.55 20.46 8.34 0.18 
18 OCK Ouzel LC1 Lower soil 8.32 27.13 37.88 14.39 12.28 0.17 
19 GCK Glacier UC1 Upper soil 11.24 30.38 34.29 13.18 10.90 0.17 
20 GCK Glacier UC2 Upper soil 14.59 34.19 21.87 21.74 7.61 0.18 
21 GCK Glacier UC2 Upper soil 18.92 39.76 10.10 27.72 3.49 0.18 
22 GCK Glacier MT Multithread soil 20.46 38.39 10.20 27.46 3.49 0.18 
25 GCK Glacier MT Multithread soil 14.84 34.79 20.69 22.78 6.89 0.18 
26 GCK Glacier MT Multithread soil 14.03 40.28 24.45 15.69 5.54 0.18 
27 GCK Glacier MT Multithread soil 18.12 36.22 19.48 19.95 6.23 0.18 
28 GCK Glacier MT Multithread soil 20.09 33.20 18.44 22.52 5.76 0.18 
29 GCK Glacier MT Multithread soil 24.39 35.46 12.70 23.59 3.87 0.18 
30 GCK Glacier LC1 Lower soil 16.87 39.35 14.48 24.66 4.65 0.19 
31 GCK Glacier LC1 Lower soil 20.10 28.46 23.66 20.14 7.64 0.19 
32 GCK Glacier LC1 Lower soil 19.22 39.33 14.13 23.09 4.23 0.19 
33 GCK Glacier LC1 Lower soil 17.93 42.05 10.86 25.40 3.76 0.19 
34 GCK Glacier LC2 Lower soil 14.72 39.83 17.02 22.92 5.51 0.18 
35 GCK Glacier LC2 Lower soil 13.21 34.72 25.79 18.04 8.24 0.19 
36 GCK Glacier LC1 Lower soil 19.92 33.69 23.28 16.51 6.60 0.18 
37 GCK Glacier LC2 Lower soil 17.00 33.84 20.40 21.96 6.81 0.18 
38 GCK Glacier LC2 Lower soil 16.12 32.94 23.69 19.31 7.95 0.18 
39 GCK Glacier LC2 Lower soil 16.64 30.43 24.91 20.06 7.96 0.18 
41 GCK Glacier LC1 Lower H20 5.73 43.80 25.85 16.10 8.53 0.68 
42 GCK Glacier LC2 Lower H20 13.68 42.46 13.25 26.62 3.99 0.68 
43 GCK Glacier MT1 Multithread H20 34.07 41.70 17.13 6.00 1.10 0.33 
44 GCK Glacier MT1 Multithread H20 31.50 45.56 11.68 10.02 1.23 0.63 
45 GCK Glacier MT2 Multithread H20 26.67 39.83 13.67 15.76 4.08 0.66 
46 GCK Glacier MT2 Multithread H20 11.42 41.60 17.08 24.31 5.59 0.73 
47 GCK Glacier UC1 Upper H20 8.21 42.46 23.97 17.35 8.00 0.71 
48 GCK Glacier UC2 Upper H20 9.62 44.97 20.13 18.69 6.60 0.76 
49 OCK Ouzel LC1 Lower H20 31.84 45.01 10.27 11.51 1.37 0.89 
50 OCK Ouzel LC2 Lower H20 21.40 42.77 14.30 17.22 4.31 0.87 
51 OCK Ouzel MT1 Multithread H20 12.20 45.24 18.22 18.53 5.82 1.00 
52 OCK Ouzel MT2 Multithread H20 13.86 46.16 16.31 18.56 5.12 1.09 
53 OCK Ouzel MT2 Multithread H20 11.77 47.38 15.77 19.96 5.12 0.94 
54 OCK Ouzel MT3 Multithread H20 16.30 44.58 15.25 19.00 4.88 1.02 
55 OCK Ouzel MT4 Multithread H20 8.17 44.61 21.53 18.61 7.07 0.95 
56 OCK Ouzel UC1 Upper H20 8.03 44.38 23.11 17.19 7.29 0.83 
57 OCK Ouzel UC2 Upper H20 16.10 45.65 15.50 18.02 4.74 1.20 

 


