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SUMMARY  

1. Organic matter derived from terrestrial vegetation (detritus) is a key basal 

resource in many food webs, including those of streams.   Once detritus enters 

a stream, it is either retained or transported, but the rates of within-reach 

retention depend on structural characteristics of the stream channel, physical 

properties of the detrital particles and hydrology.  Each of these attributes 

varies in time and space, and the magnitude of variation may be affected by 

structural changes wrought by land-use.  We developed a heuristic model 

framework in an attempt to find a minimal model that captures the essential 

temporal dynamics of coarse particulate detritus in small streams.  

2. The dynamics of our minimal model are driven by several frequently 

measured variables.  Rate of litter breakdown, average transport distance of a 

particle, discharge and temperature are the primary variables.  In addition we 

tested the effects of altering assumptions about the nature of particle type and 

the effect of channel roughness on transport rates. 

3. The model produced patterns of detrital standing stocks generally similar to 

those measured by empirical studies in small streams.  Discharge-dependent 

transport relations are relatively rare, but our assumed pattern of a sigmoid 

relationship between transport and discharge produced reasonable outputs.    

4. We parameterised the model using data for small streams in coastal British 

Columbia, Canada.  The outputs of the model indicate that channel roughness 

has a more profound effect on small, mobile particles, such as conifer needles, 

than on angiosperm leaves, such as alder.  The model also indicates that the 

largest proportion of detritus is broken down in situ in all model scenarios.   
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5. A major limitation to this model and the literature is a scarcity of detail of leaf 

interception and entrainment processes in streams. Progress towards 

integrating ecosystem functions and the dynamics of hydromorphology require 

integrating these physical drivers with biological processes. We present our 

model to emphasise that progress towards generalisable models of detrital 

dynamics is possible if links between physical structure and function can be 

made explicit.   

  

Keywords: detritus, geomorphology, hydrology, simulation model, streams  
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Introduction 

Organic matter in various forms provides a key basal resource to aquatic 

environments.  In streams, organic matter dynamics are driven by a temporally and 

spatially complex interplay between a suite of physical, chemical and biological 

processes (Richardson, Bilby & Bondar, 2005; Webster, 2007). As stated by Webster 

et al. (1999), a leaf falling into a stream has but two fates, to be retained and 

processed in situ or to be transported downstream and processed elsewhere. The 

amount of litter input and retention rate are both key factors that limit the production 

of invertebrates (Richardson, 1991; Dobson & Hildrew, 1992; Wallace et al., 1999) 

and, probably, heterotrophic microbes (Suberkropp, 1997; Laitung et al., 2002) in 

low-order streams. However, while litter inputs to streams can be described by a few 

well-understood processes (i.e. forest composition and leaf phenology), the physical 

mechanisms of particle transport, deposition, and re-entrainment that determine 

retention are not so easily modelled. A large body of theory and empirical results from 

the study of sediment transport has demonstrated that these processes are complex and 

highly state-dependent (e.g., Sear, 1996; Hardy, 2005). Linking physical drivers 

within streams with the biological processes of these systems is one goal of research 

in ecohydrology (also known as hydromorphology) (Wood, Hannah & Sadler, 2007) 

and is essential to predict the effects of land-use and changes in climate.  In this paper 

we use a modelling approach to explore the linkages amongst physical drivers and the 

responses in the transport, storage (retention) and breakdown of particulate organic 

matter (POM) in small streams.  

In previous models of POM dynamics, highly detailed parameterisation of 

models has produced good results (Webster, 1983; Webster et al., 2001; Karlsson, 

Richardson & Kiffney, 2005). Frequently, however, only small subsets of the data 
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necessary are available for such model fitting.  Here we develop a heuristic model to 

approximate CPOM dynamics in streams. Linking processes of POM dynamics to 

physical attributes of a stream might allow for a more general framework with 

parameters that are relatively easily obtained. Measures of breakdown rates, including 

temperature-dependent rates, for various types of POM are common (e.g. Webster & 

Benfield, 1986; Spänhoff & Meyer, 2004).  It is also established that the transport 

distance probabilities for organic matter closely approximates a negative exponential 

model (Young, Kovalak & Del Signore, 1978), with many estimates now available in 

the literature. These estimates of transport distance indicate that higher channel 

“complexity” and lower discharges are associated with higher rates of retention of 

CPOM (Brookshire & Dwire, 2003). 

One of the broader goals of this work is to link structural changes in the in-

stream physical environment and riparian community, wrought by land-use effects 

(Swanson et al., 1998, Benda et al., 2005, Moore & Wondzell, 2005), to changes in 

biological function. For example, activities such as forestry, road building and 

agriculture often result in higher peak flows, shifts in timing of flows and even 

alteration of total annual flows (Moore & Wondzell, 2005). This is expected to 

substantially influence POM retention, as the transport rates of POM relative to 

standing crop are known to be a positive function of discharge (Brookshire & Dwire, 

2003; Pretty & Dobson, 2004; Dewson, James & Death, 2007). Land uses can also 

modify POM retention by reducing bed roughness (Sweeney et al., 2004).  For 

example, the loss of wood, as well as bank and streambed erosion, during extreme 

flood events can substantially alter channel roughness (Swanson et al., 1998). Even 

small structural elements, such as small wood, can increase the rates of local 

interception and retention of POM (Pretty & Dobson, 2004). Likewise, large 
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roughness elements, such as the rocks and logs placed in streams during habitat 

restoration, can enhance retention of POM within a reach (Negishi & Richardson, 

2003; Lepori, Palm & Malmqvist, 2005). Lastly, land uses can considerably modify 

the composition of riparian vegetation, and thus the quantity and quality of POM 

inputs (e.g., Golladay, Webster & Benfield, 1989; Pozo et al., 1997). 

We built a model capable of yielding generalisations about organic matter 

dynamics in small streams.  This model permits comparisons of POM dynamics 

among structurally or hydrologically different streams and enables exploration of the 

influences of structural changes caused by land-uses on stream function.  We build on 

previous work by Karlsson et al. (2005), although here we are concerned only with 

coarse particulate organic matter.  The model explicitly examines the retention, 

processing and export of relatively large pieces of angiosperm leaves (broad leaves) 

and coniferous needles, as finer particles are governed by different processes and rates 

(e.g. Georgian et al., 2003). We limit the model to small streams (i.e., streams on the 

scale of <10 m bankfull width, with closed forest canopy, and where allochthonous 

inputs dominate energy flows), where we assume bed roughness plays a critical role 

in organic matter dynamics.  

 Previously published models have addressed the topic of organic matter 

budgets, but our goal here is to produce a reduced model capable of generalisation and 

predictive power across stream types. We also use this to focus attention on the dearth 

of data for many components of organic matter dynamics in streams. Moreover, we 

integrate into our model two measures commonly collected in stream studies: litter 

breakdown rates and particle transport distances.   We address how hydrology, bed 

roughness and leaf types might affect POM retention (or its complement, transport or 
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export rate) based on input rates of organic matter and temperature-dependent 

breakdown rates. 

 

Methods 

We used Stella version 9 (ISEE Systems, Lebanon, NH, USA) as our 

modelling platform.  We used known and predicted relationships between leaf litter 

dynamics (transport, retention and breakdown) and physical processes 

(geomorphology, hydrology and temperature) to drive the model, which we expand 

upon below.  Stella allows for 1500 time steps, which we modelled using the Euler 

method with a one-day integration time step.   

 The model is structured to calculate standing stocks of CPOM.  Inputs to the 

model include direct inputs of litter and advection from upstream.  Losses from the 

upstream patch (assuming that only the next 1 m2 patch contributes, which is 

obviously oversimplified) can be intercepted in our model patch with probability 

proportional to our “roughness” measure and discharge. The loss rates from the 

upstream patches from re-entrainment (export) were based on the assumption that 

material exported (not retained) was carried to the next patch where it had some 

probability of being trapped again. Consumption is a loss to standing stock 

proportional to the temperature-dependent rates of mass loss (see below).  Exports 

were proportional to the standing stock available and were a function of discharge, 

“roughness” and particle type.  

 

Model inputs 

Litter type: In western North America and the boreal zone extending around the 

Northern Hemisphere, conifers are the primary forest trees, and the successional end-
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point.  However, following forest harvesting, these conifer forests are often replaced 

in the short term by angiosperm species such as alders (Alnus spp.), cottonwoods 

(Populus spp.), and willows (Salix spp.) (e.g. Wipfli & Musselwhite, 2004).  In other 

landscapes, the shifts to conifers are associated with plantation forests planted in an 

otherwise deciduous forest matrix (Dobson & Cariss, 1999).  The complexity of 

minor shifts in riparian vegetation would be difficult to model because litter diversity 

per se can affect leaf consumers (Lecerf et al., 2005; Swan and Palmer, 2006). 

Particulate organic matter inputs we used are daily averages based on empirical data 

from three small streams over two years each (Fig. 1b).  Thus, for the purposes of this 

study we have considered only two cases (all broadleaf inputs or all coniferous inputs) 

to contrast the outcomes.  Two properties of leaves are important here, the rate of 

retention and their breakdown rate. 

Litter transport and retention: The retention rate of leaves in a stream channel can be 

expressed using the negative exponential model Lx = Li e-krx, where Lx is the number 

of leaves in transport in the flow at distance x downstream from the release point, Li is 

the number of leaves released initially and kr is the retention coefficient (the subscript 

r is used for retention and subscript d for breakdown to differentiate the two 

coefficients), related to the proportion of leaves settling per metre (Webster et al., 

1987; Schade and Fisher, 1997). In this model, alder leaves and western hemlock 

(Tsuga heterophylla (Raf.) Sarg.)) needles were chosen as a representative broadleaf 

and conifer needle types, respectively. As conifer needles are generally retained at a 

lower rate than broadleaves in stream riffles (pers. observation, Hoover – unpubl. 

data), we scaled retention of hemlock needles to have 1/3rd the probability of being 

retained relative to alder leaves. The lack of data on the relative transport properties of 
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broadleaf and conifer needle material represents a critical data gap in the literature on 

organic matter dynamics in streams (but see Pretty and Dobson, 2004).  

Although several studies have indicated that structural channel features such 

as protruding stones (e.g. Hoover et al., 2006) or wood (e.g. Ehrman & Lamberti, 

1992) are important in the retention of POM, there is very little information available 

on how the transport and retention rates of coarse organic particles are modified by 

these types of channel roughness across a wide range of channel types.  Here we make 

the simplifying assumption that structural ‘complexity’, or roughness, is closely 

related to retention and can be captured by a measure that ranges in value from 0 to 1.  

On this scale, 0 describes geometrically simple channels with flat, planar beds that 

retain no organic particles, while 1 refers to extremely coarse, complex beds 

consisting of abundant, intermingling retentive structures of various types (stones, 

twigs, logs) that rapidly retain all coarse organic particles in transport (see Webster et 

al., 1999).   

Entrainment of CPOM from the bed has been little studied, unlike sediment 

transport.  For this model we used a sigmoid curve assuming entrainment from the 

bed would be zero at low flows, increase at some threshold and reach an asymptote at 

about 90% of material being winnowed from the bed above some higher discharge 

values.  Since these relations have not been quantified for this or other streams, we 

arbitrarily set the incipient entrainment discharge at 50 L s-1 and the curve reaching 

the peak of 90% at 150 L s-1.  Much future work is required to establish the 

relationship between hydrological factors such as discharge and the entrainment of 

CPOM.  

A search of the literature yielded a range of values for the exponent kr from the 

transport equations (the exponent of the negative exponential curve).  Studies that 
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reported both at-a-station and across-station data on the relationship between 

discharge and kr were included. We restricted these to small streams and found that 

the characteristic relationship with discharge was generally asymptotic, with export 

rates (1-kr) reaching higher levels as discharge increased (Fig. 2).  In small, rough-

bedded channels with lots of wood (high “roughness” in our model) values of kr can 

approach and equal 1, so we assumed a sigmoid-shaped relationship between 

discharge and 1-kr.  We also used this relationship between discharge and 1-kr to 

describe the likelihood of a particle being exported per metre of modelled stream 

reach.     

 

Temperatures: Stream temperatures, particularly peak summer temperatures, are 

modified by forest harvesting and other land uses.  In this model we used empirically 

measured temperatures for East Creek (49.272°N, 122.568°W), in the Malcolm 

Knapp Research Forest, near Maple Ridge, British Columbia.  Daily mean 

temperature records for a 4.5 year period (May 1997 to August 2002) were averaged 

to produce an average year of temperatures for use in the model (Fig. 1a).  Although 

not explicitly examined in this study, this model could also be used to consider the 

influence of temperature on POM dynamics by examining different temperature 

scenarios (either empirically measured or theoretically generated).  

The specific temperature-decomposition relationship was based on data for red 

alder (Alnus rubra Bong.) (Richardson 1992). Breakdown rates were determined for a 

series of trials with different average temperatures; for each trial the mass remaining 

over time was fitted to an exponential model, yielding a series of values of kd.  When 

these breakdown rates were regressed against temperature (in degrees C) it produced a 

relation of kd = 0.00226 temperature – 0.00467, (p <0.008, r2 = 0.35), where the slope 
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has units of degree-days-1 and values of kd ranged from 0.004 to 0.047. For our model, 

the slope for our conifer temperature-dependent breakdown rate was assumed to be 

0.8 of that of alder based on slower decomposition rates of conifers (Webster & 

Benfield, 1986; Richardson, Shaughnessy & Harrison, 2004). In our model, we 

assumed that leaf breakdown is independent of hydrology and is largely mediated by 

leaf consumers.  

 

 

Hydrology: Several studies have indicated that peak flows are often 10 to 50% 

higher following forest harvesting, with the majority of values in the 15 to 25% range 

(e.g. Moore & Wondzell, 2005).  For our model, we used empirically measured 

hydrographs from East Creek.  Discharge from East Creek has been measured 

continuously since 1971 (data courtesy of Michael Feller, UBC).  We used records of 

1500 day runs (4+ years) of average daily discharge (L s-1) with each simulation of a 

set of parameter values starting with a hydrograph beginning of January 1st of a 

different year, i.e. 5 runs per set of parameter values (an example is shown in Fig. 3a).  

One example of the outputs is illustrated in Fig. 3b, where it is clear that the 

entrainment of organic matter was strongly affected by high flows. In our model, 

flows at and above 160 L s-1 entrained up to 90% of materials, which is likely very 

conservative for these small channels.  For all output presented from the model we 

removed the first three months of results as an adjustment period for the components 

of the model.   

 

Results 
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All simulations produced a characteristic autumnal peak of standing crop 

followed by a summer minimum (Fig. 4).  Changing the level of roughness (structural 

complexity) from 0.1 through to 0.9 resulted in large differences in the annual patterns 

of CPOM standing crops, with nearly twice the annual standing crop when roughness 

was 0.9 compared to roughness of 0.1.  The characteristic annual pattern of an 

autumnal peak in standing crop was produced by an autumnal pulse in leaf litter 

inputs and was followed by a summer minimum resulting from high winter export 

rates, low inputs (not zero) and temperature-dependent breakdown rates.  

Consumption in our models accounted for a very large portion of total loss amounts 

(88 to 96% for alder per year), especially in summer and autumn. 

The inclusion of an advective component, i.e., the within-patch retention of 

litter entrained from the patch upstream, produced an order of magnitude difference in 

the average standing crop (results not shown).  As bed roughness declined, the rate at 

which material was lost through re-entrainment and export during winter increased, 

such that the downward slopes of CPOM standing stock in late winter were greatest 

for the least rough systems (Fig. 4A, B).   

During downstream transport, smaller and more rigid particles such as conifer 

needles are less likely to be retained than larger particles.  The rate of decline in the 

standing stocks during winter was faster for hemlock needles (Fig. 4A), due to the 

lower retentiveness of this particle type, than the rate of decrease for alder (Fig. 4B).  

The summer minima were not greatly affected by type of leaf litter (Fig. 4), as these 

minima are a consequence of inputs in mid-summer balanced by consumption, thus 

accounting for the lower asymptote apparent in the data. We examined the effects of 

the peak flows by using multipliers of 1.25 or 0.75, but these differences had no 
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evident effect on the outcomes, perhaps because the number of peak flows was so 

high.   

The average annual standing stocks for alder and hemlock show that as 

roughness increases, the standing stock (and consequently the amount being ‘lost’ to 

consumption) increases over the amount exported to downstream (Fig. 5).  Model 

estimates indicate that from 60 to 96% of losses were due to breakdown, although not 

all of this was necessarily from consumption, as our empirical measures of breakdown 

rates extracted from leaf pack studies cannot distinguish between consumption and 

abrasion. 

 

Discussion 

Model outcomes 

Our goal was to formulate a general, heuristic model that uses key structural 

aspects of stream channels to predict the fate of particulate organic matter. Our results 

indicate that transport of particulate organic matter is an important component of 

reach-scale loss of organic matter.  However, consumption within the highly retentive 

channel types was also important in controlling temporal variation in POM standing 

stocks. The relative roles of local consumption versus export of organic matter are 

more consistent with consumption as the major source of loss (Cummins et al., 1973; 

Webster, 1983) rather than domination by local flushing (Fisher & Likens, 1973; 

Richardson, 1992). 

  The biological breakdown of POM is likely the dominant process governing 

POM during periods of low flows, while most of the hydrological effects on OM 

transport occur at higher discharge (Wallace et al., 1995; Kiffney et al., 2000). In 

systems such as the one modelled here, low flows also often occur when water 
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temperatures are higher, further increasing the already high rates of POM 

consumption. However, the ecological functions of small streams, including 

intermittent and ephemeral channels, are particularly vulnerable to low flows 

(Richardson & Danehy, 2007), and surface flow may disappear at times of year. For 

instance, low flows or drought could have substantial effects on POM dynamics by 

directly impacting the decomposition and export processes, as the emerged fraction of 

POM is no longer available to aquatic consumers and terrestrial consumers are 

unlikely to compensate for it (Herbst, 1980; Langhans & Tockner, 2006). Conversely, 

summer pools during periods of reduced discharge can become zones of rapid leaf 

decomposition (Hoover et al., 2006).  

One of the specific outcomes of our model, which was based on 

parameterisation from small coastal streams of British Columbia, is the lower level of 

the standing crop of leaf litter predicted during summer.  This standing crop minimum 

results from an almost exact balance between the input rates of leaves during summer 

–  largely green leaves of alder (Richardson, Bilby & Bondar, 2005) –  and the 

temperature-dependent breakdown rates empirically measured for those streams.  

Given the strong evidence for food limitation of detritivores in these same streams 

(Richardson, 1991) and elsewhere (Dobson & Hildrew, 1992; Wallace et al., 1999), 

this suggests a very tight coupling between input rates and consumption by this guild 

of consumers. Crucially, even small inputs of high quality food such as fresh alder 

leaves to streams in summer could be critical for the persistence of some populations 

of obligate detritivores (Grafius & Anderson, 1979). Thus, even subtle effects of 

landuse on riparian vegetation and stream retention capacity should be expected to 

alter linkages between structure and function of stream ecosystems.  
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In our results the loss of POM by consumption ranged from about 65% to 98% 

of the inputs depending on the parameters of channel roughness, type of leaf and 

whether or not there were advective inputs from upstream patches.  These rates of 

consumption are similar to those measured in streams in North Carolina, USA 

(Webster, 1983).  These rates of loss due to consumption are much higher than those 

estimated by Richardson (1992) based on seasonal changes in standing stocks and 

estimates of leaf pack breakdown rates.  Higher rates of consumption are associated 

with higher retention, a product in this study of higher values for our roughness 

parameter. As the amount of POM retained increases, it remains accessible to a 

consumer community limited by food availability.  The numbers from the model here 

assume that consumption rate is solely a product of temperature and organic matter 

standing stock, with no lag time associated with litter conditioning or with increases 

or decreases in consumer populations. Consumers are capable of rapidly adjusting 

their behaviour, abundance and even community structure to take advantage of the 

POM available (Rowe & Richardson, 2001; Lecerf et al., 2007).  

We assumed alder was more easily retained than hemlock in these streams, 

and as a consequence, at low values of roughness the greatest differences between 

standing stocks of hemlock and alder were apparent.  As the roughness value in the 

model increased, the average standing stocks of alder and hemlock converged, i.e., 

most of the material remained where it was initially deposited. Thus, our model 

demonstrates that by determining the nature of organic matter particles that enter the 

stream, the forest type influences the balance between physical (retention) and 

biological (consumption) processes in determining local POM dynamics.  It is still not 

possible to determine whether litter quality or the retention of litter accounts for some 
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of the differences between communities of streams receiving conifer versus deciduous 

inputs (Molles, 1982; Laitung et al., 2002). 

 

Data requirements and future directions  

 Many of the specific relations we included in our model are based on few data 

or on simple assumptions, such as for the role of local geomorphology (termed 

‘roughness’ here).  A measurement of channel complexity in terms of trapping of OM 

that could be related directly to kr, would be a major advance that would help link 

hydromorphology with detritus dynamics. Although many studies report values of kr 

(or 1/kr) for leaf transport distances (e.g. Young et al., 1978), there are few that also 

include measurements of discharge and channel structure, making it difficult to create 

a general relationship between channel roughness, discharge and POM retention .  

Studies of leaf retention conducted over a range of discharges show an inverse 

relation between discharge and retention, but these studies are few (Speaker et al., 

1988; Snaddon et al., 1992; Dewson et al., 2007). The leaf transport coefficient kr is a 

function of the effects of channel roughness and the specific type of organic material 

(T.M. Hoover, unpublished data), to which discharge could be added as an additional 

model component.  Such a model for transport distance could be integrated for 

particular kinds of CPOM, much as Webster (1983) used a comparable approach to 

accommodate differences in breakdown rates of different leaf materials. Developing a 

term that could be used to represent channel “roughness” or complexity for small 

channels would be useful for describing CPOM retention and would provide a major 

advance.  

The values reported in this study are solely for retention, which is a very 

different process than the entrainment of particles (Webster, 1983). We assumed the 
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form of this entrainment relationship to be sigmoid, with zero transport at low flows 

and reaching an asymptote where nearly all POM can be entrained, although we 

assumed this asymptote was only 90% of available CPOM.  The challenge for the 

future is to determine the general characteristics of the relation between leaf-specific 

transport, retention and re-entrainment rates versus discharge.  

 To date, data describing the retention of conifer needles are scant and exist 

only for pine needles (Pretty & Dobson, 2004).  Most conifer needles (spruce, fir, 

hemlock, etc.) are smaller and less flexible than many angiosperm leaves (broad 

leaves) and are therefore likely to exhibit very different rates of retention and 

entrainment.  Benthic storage locations for needles differ from those of angiosperm 

leaves, as needles tend to be trapped in interstitial spaces amongst bed materials or 

deposited against stream margins, whereas broad leaves tend to be trapped against 

protruding streambed stones (Hoover et al., 2006; T.M. Hoover, unpublished data). 

Furthermore, the retention of OM particles may vary between geomorphologically 

distinct subunits such as riffles and pools (Hoover et al., 2006).  

Geomorphological complexity may act as a critical link between the structural 

components of streams and key ecological functions such as detrital processing, the 

spatial scale at which channel roughness is determined is an important consideration.  

At fine spatial scales, flow-substrate-particle interactions will determine the 

distribution and temporal stability of detrital resource patches, while at channel 

subunit spatial scales, variation in physical factors such as velocity and depth will 

determine the types of detritus that are available to the benthic community (Kobayashi 

& Kagaya, 2002; Hoover et al., 2006).  

We have assumed that the probability of leaf retention upon initial interception 

(based on our roughness measure) is equivalent to the probability of continuing to be 
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retained.  This is a gross oversimplification, but there has been little consideration of 

that process for CPOM in streams (except see McNair, Newbold & Hart, 1997). The 

re-entrainment of particles is probably strongly state-dependent and affected by 

antecedent conditions (e.g. Wallace et al., 1995).  For instance, immediately after a 

flood or even by the peak of the flood, material might be redistributed to a more 

“stable” configuration making subsequent entrainment less probable.  We also 

assumed that at high flows the particles would still have some interaction with the bed 

as they are transported. There is still a lot left to learn about the dynamics of particles 

of organic matter in terms of entrainment, interception and deposition. 

 

Our model can be used to explore the influences of land-use alterations to 

structural properties of stream channels, such as those that result from forestry, 

agriculture and urbanisation.  While the specific changes may not be the same, these 

various land uses will affect hydrology, geomorphology, temperature regime and 

types of riparian vegetation of stream channels in qualitatively similar ways.  In an 

earlier model, increased temperatures and lower input rates resulted in lower CPOM 

standing stocks (Karlsson et al., 2005). However, the challenge in producing models 

to generate broader insights (e.g. Webster, 2007) is to integrate information from 

several avenues of research.  For instance, a general measure of channel roughness 

that can be linked to particle transport models would be a major step forward.  

Likewise, estimates of the relation of transport rates (or inversely retention) of organic 

matter to discharge and standing stocks would provide additional linkages of organic 

matter processes to physical drivers. Building explicit model connections from 

hydromorphology to biological responses will require progress on these relations. 
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Figure captions 

Fig. 1:   A.  An example of the average daily temperatures in East Creek, British 

Columbia, using the period of May 1997 to August 2002.  Dotted lines indicate 

maximum and minimum for those dates.  B.  Average daily input rates of coarse 

particulate organic matter based on two years data for three streams (Mayfly, Spring 

and Blaney creeks) in the Malcolm Knapp Research Forest, British Columbia (data 

from Richardson 1992).  

 

Fig. 2:  Summary of discharge versus kr (units of m-1) relationships of several studies.   

Model fit to y = a (1 – e-bx), where a = 0.96 (t = 45.04, P < 0.0001), and b = 72.02 (t = 

8.81, P < 0.0001).  ANOVA, F1,74 = 110.33, P < 0.0001. The data are displayed as 1-

kr (rather than kr) as the functional shape of the curve was used to create the 

relationship between discharge and the probability of leaf material being transported 

downstream (rather than retained) which was used in the model.   

 

Fig. 3: A. Example hydrograph for a several year period from East Creek in the 

Malcolm Knapp Research Forest, British Columbia (range 0.3 to 516 L s-1).  B. 

Example of output from the model based on hydrograph (above).  Solid line indicates 

POM standing crop, the dashed line is the rate of consumption, and the vertical bars at 

the bottom represent daily export rate.  Model assumptions included alder leaves 

(retentiveness 0.75), roughness = 0.9, including advective inputs from upstream.  

 

Fig. 4: Predicted standing stock of leaf litter for model runs across a range of 

roughness values for scenarios with advective inputs, for two types of litter.  A. 

hemlock needles, assuming of retention rate of 0.25, and B.  red alder, assuming a 
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retention rate of 0.75.  Data from the first 90 d of each run was discarded to allow the 

model to adjust in each run. 

 

Fig. 5.  Summary of the effects of each assumption of roughness and advection on 

predicted average annual standing stock (± 1 SE, n = 5 runs of each set of model 

parameters).  A. outputs for alder (retention 0.75) and B. outputs for hemlock 

(retention 0.25).  The circles indicate values if there were no advective inputs from 

upstream patches, and squares are the model outputs when there was advection. 
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