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OBJECTIVES 
To evaluate the effects of channel morphology on bedload entrainment and 

transport dynamics in natural, wood-rich, fluvial systems.  

üWe aim to test whether and how the effects of different morphologies 

result from differences (and/or interactions) among a set of key variables 

controlling channel resistance to flow.  

üWe focus our analysis on local channel gradient, metrics of absolute and 

relative grain size, relative submergence, and direct estimates of grain 

and form resistance.  

METHODS 

A nested monitoring network in two headwater streams is used to examine the 

effects of channel bed texture, and the influence of alluvial and semialluvial 

morphologies on bedload entrainment and transport. 

 

 

Bedload Entrainment (above) 

¦ Forced alluvial (LWD-step) and coarse-grained alluvial step-pool sites display near  equal-threshold 

entrainment for all mobile grain sizes.  

¦ Riffle pool site displays equal-threshold entrainment up to D50s and then size selective entrainment for 

coarser grains 

CONCLUSIONS 

ü In forested, headwater streams, entrainment of bedload exhibits two distinct patterns in accordance 

with morphological variability.  

Å In alluvial sites, where both grain and form resistance are low (i.e., riffle pools), equal-threshold 

entrainment of grains up to the median bed surface diameter is followed by size selective 

entrainment of coarser material.  

Å In alluvial and semialluvial sites, where grain and/or form resistance is high (e.g., step-pools, 

cascades, and forced alluvial morphologies), equal-threshold entrainment patterns are observed for 

all mobile grain sizes.  

ü Controls on critical dimensionless shear stress for entrainment of the median surface grain size (Ű*c50s) 

relate primarily to channel gradient and relative submergence. However,  these relations vary 

considerably with differences in channel bed texture.  

ÅCobble channels display substantially less variation in dimensionless shear stress with changes in 

gradient compared to gravel bedded ones.  

ü  To date the influence of absolute grain size distribution on dimensionless shear stress variability in 

steep gravel-to-cobble bed streams has received minimal attention and further investigation is needed. 

RESULTS 

Bedload rating curves (left) 

¦ Elk Creek (b) displays steeper 

curves than Cotton Creek (a), 

indicating that in the location 

effect (Elk vs. Cotton), 

corresponding to differences 

in bed texture overrides the 

morphological effect (i.e., 

form resistance).  

¦ The lowest and highest 

exponents are associated 

respectively with the finer 

textured, fully alluvial, riffle-

pool site (C4) and the coarse-

textured, step-pool and 

boulder cascade sites (E3 and 

E4). 

ABSTRACT 

We monitor bedload transport and water discharge in two forested 

headwater streams of the Columbia Mountains, Canada. Results indicate 

that dynamics of bedload entrainment are influenced by differences in flow 

resistance attributable to morphology. Our findings confirm that the Shields 

value for mobilization of the median surface grain size depends on channel 

gradient and relative submergence; however we also find that these 

relations vary considerably for cobble and gravel bed channels due to 

proportionality between dimensionless shear and grain size. Bedload rating 

curves across sites  correlate most with the D90s of the mobile bed, however, 

where grain effects are controlled (i.e., along individual streams), 

differences in form resistance across morphologies exert a primary control 

on bedload transport dynamics.  

BACKGROUND 

Steep headwater streams constitute the majority of the mountain drainage 

network, and as such they are prominent geomorphic players in the 

sediment cascade of steep terrain. Forested streams are particularly 

complex owing to the stochastic nature of water, sediment, and wood 

inputs, and the temporary character of in-channel sediment stores. 

Knowledge of critical thresholds for entrainment of bedload as well as 

governing relations between discharge and bedload flux are necessary for 

modelling channel response potential in problems of sustainable watershed 

management, aquatic ecology and hydraulic engineering.  

a Dominant morphology (secondary morphology); b From bulk sample analysis; 
c Hydraulic radius at bankfull flow (R = A/P, where A is channel cross-sectional area and P is the relevant wetted perimeter); 
d Maximum peak flow during monitoring period; e Discharge at the onset of bedload transport; 
f Boundary shear stress at the onset of bedload transport; 
g Maximum excess shear corresponding to highest recorded discharge as a ratio of initial shear for bedload entrainment. 

 

Above: Cotton Creek (a) is finer 

textured than Elk Creek (b). 

Left : Location of discharge and 

bedload monitoring sites on 

Cotton and Elk Creeks  

Plans and profiles (above) 

Sketches of monitoring sites on Cotton (A-C) and Elk (D-F). FSP = forced step 

pool, BC = Boulder cascade, RP = Riffle Pool and SP = Step pool. Reaches are 

labelled by their dominant morphology.  

Above: Forested streams of the Columbia Mountains, Canada provide essential 

ecological services but are also highly valued for their forest resources. 

Shields value (right) 

¦ Shields value increases with 

increasing channel gradient and 

relative submergence (a and b).  

¦ Elk Creek sites display a 

smaller range of shields values 

(�ì* c50s = 0.092 to 0.098), 

compared  to Cotton Creek 

(�ì* c50s = 0.035 to 0. 96) 

indicating that in cobble-bedded 

reaches dimensionless shear 

stress is less sensitive to the 

influence of channel gradient, 

relative submergence and form 

(morphological) resistance, 

compared to gravel bedded 

ones.  
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E2 (FSP) y = 0.092x-0.992 7 0.99 <0.001 
E3 (BC) y = 0.092x-0.976 7 0.99 <0.001 
E4 (SP) y = 0.098x-0.969 8 0.99 <0.001 
C2 (FSP) y =  0.960x-0.974 6 0.99 <0.001 
C3 (FSP) y =  0.543x-0.951 6 0.99 <0.001 
C4 (RP) y = 0.035x-0.795 7 0.97 <0.001 

 <D50s y = 0.023x-0.967 5 0.99 <0.001 

>D50s  y = 0.032x-0.410 3 - - 

¦ The effects of absolute grain size on dimensionless shear stress are further confirmed when 

dimensionless shear stress is plotted as a function of channel slope in the context of Lamb et al.ôs 

(2008) theoretical curves (Figure 9f).  

Rating curve exponents (above) 

¦ The rating curve exponents of the six study sites increase directly with 

D90s (a) 

¦ Weaker correlations exist for plots of the bedload exponent versus 

relative submergence and grain resistance (b, c) suggesting that bedload 

flux is less influenced by relative measures of the surface bed texture.   

¦ bedload exponent displays only a weak correlation to bed armoring 

(D50s:D50ss), (d) 

¦ a positive correlation exists between form resistance (i.e., morphological 

effects, panel e) and the rating curve exponent; a trend that is most 

apparent when the two streams are considered separately (i.e., grain 

effects held constant).  

Site  Power law equation n (R2) P 
E2  qb = 0.14(Q/Qbf)4.18 36 0.59 <0.001 
E3   qb = 0.35(Q/Qbf)

5.34 33 0.65 <0.001 
E4 qb= 0.12(Q/Qbf)5.34 52 0.55 <0.001 
C2 qb = 0.04 (Q/Qbf)3.02 22 0.63 <0.001 
C3 qb = 0.13 (Q/Qbf)2.03 27 0.72 <0.001 
C4 qb = 0.06(Q/Qbf)1.56 33 0.39 <0.001 
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