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Key Points 
• The King River (NE Victoria) experienced two periods of desnagging and has begun to autonomously recover 

in-stream wood loads 
• The distribution and accumulation patterns of measured in-stream wood is similar between reaches 

desnagged at different times 
• Estimates of wood load recovery to reference conditions are on the order of 250 years 
• There is a need to continue the revegetation and exclusion fencing of riparian areas.  

 

Abstract 
A growing worldwide literature is demonstrating the geomorphic and ecological roles played by wood in streams.  After 
more than a century of removing wood from streams in many parts of the world, many restoration projects now include 
the reintroduction of wood.  Over large stream networks, and centuries of time, wood is recruited to river channels by 
many processes.  For planning of stream management works, the important question is how long it will take (decades to 
millennia) for streams to recover an adequate wood load, with and without interventions? We investigated wood 
accession and depletion in the King River, Northeast Victoria, Australia.  The study is based on a wood census conducted 
on three reaches that were desnagged in 1957 and 1980, providing an empirical dataset of recovering wood loads.  The 
measured wood loads were used to build probability distributions of delivery rates, and used to calibrate and drive a 
mass balance delivery model.  The model was run using a Monte Carlo simulation, providing the best and worst case 
scenarios of potential recovery times of in-stream wood loads.  Results from the model indicate that the recovery of 
large in-stream wood loads likely take place over a centennial timescale.   
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Introduction 
Worldwide, a growing body of literature is demonstrating the important role played by large, dead trees in the 
geomorphology and ecology of rivers.  The interaction of wood with sediment and flow structures the geomorphology of 
river channels, acting as an obstacle to flow and increasing channel roughness, and inducing local scour and/or 
sedimentation (Shields and Gippel, 1995; Erskine and Webb, 2003; Webb and Erskine, 2003).  Logs and log jams were 
historically removed from rivers with the goal of increasing flow conveyance and improving navigation (Feld et al., 2011).  
Now after more than a century of desnagging rivers, managers are now interested in returning the wood load in streams 
closer to reference conditions.  This can be done by, stopping the practice of removing wood and allowing wood to once 
again accumulate in the river; planting riparian vegetation to provide a future stock of wood; or artificially placing wood 
in rivers (Bernhardt et al., 2005; Lester et al., 2007; Lester and Boulton, 2008). Fundamental to the management of wood 
in rivers is some sense of the trajectory of wood loads over time, with and without different management actions.   

Wood is naturally recruited to rivers by several processes including chronic and acute mortality, storms, bank erosion, 
landslides, and fire. The recruitment, storage, and removal of wood can be modelled in terms of a mass balance or wood 
budget (Martin and Benda, 2001; Benda et al., 2003; Benda and Sias, 2003). Development of a wood budget indicates 
which of the delivery processes are dominant in a particular reach or watershed, and are most likely driving 
contemporary and future wood loads (Benda and Sias, 2003). The relationship between inputs and outputs can be 
expressed as: 

 (1) 
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where ΔS is the change in storage volume (i.e.  wood load), I is input volumes from delivery processes (e.g. bank erosion, 
mortality, limb drop), x is the reach length, L is the volume of wood lost via removal processes (e.g. losses to floodplain, 
mechanical removal, and burial), Qi and Qo are the transport of wood in and out of the reach, D is the volume of wood 
decay, and t is the time step (i.e. event, year, century).   

This paper describes a case study into the recovery of wood loads in desnagged reaches of the King River (NE Victoria) – 
asking the question; how long will it take for wood loads to reach a reference condition load? Using data collected from 
a census of in-stream wood along three reaches, two reaches that were desnagged in 1957, and one that was desnagged 
in both 1957 and 1980; we calculate probability distributions from empirically-derived delivery rates for dominant 
delivery mechanisms. These distributions are then used to populate the variables in eq. 1, which are then used in a 
Monte Carlo simulation of the wood delivery model (eq. 1).  The model provides estimates of how long it might take for 
in-stream wood loads to reach a reference condition given the best, average, and worst case scenarios.   

Methods  
Study Area 

The study area (Figure 1) is a 10 km reach of the 
King River.  The King River is a north flowing 
tributary of the Murray River, with its headwaters 
in the Great Dividing Range of Victoria. At the 
study site, it has a catchment area of 
approximately 1356 km2.  The planform of the 
channel in the study section is classified as 
anabranching (Schumm et al., 1996), with an 
average channel slope of 0.002. The river exhibits 
steep banks associated with cohesive sediments, 
an average channel depth of 3 meters and average 
bankfull width of 23 meters (DEPI, 2013).  Flow 
regulation in the catchment is minimal, with only a 
small (13,500 ML capacity) reservoir in the upper 
reaches of the catchment.  

The three reaches described in this paper were 
desnagged at one point in time.  Reaches 1 (1.1 km 
long) and 3 (1.2 km long) were desnagged in 1957 
(DWRV, 1989), while reach 2 (1.1 km long) was 
desnagged once in 1957 and again in 1980 (DWRV, 
1989). These dates were corroborated through 
discussions with the long term landholders along 
the reaches.  There has been no artificial 
reintroduction of wood to these reaches, and less 
than 100 m of stream bank has been stabilized 
with rock in each reach.  There is continuous 
riparian forest along all three reaches (1-200 m width, average of 25 m). While far from pristine, the riparian forest 
provides an abundant source of wood to the channel.   Although it would have been ideal to have a second reach that 
was desnagged in 1980, to provide a comparison point, these three reaches provide a natural experiment to measure 
the autonomous recovery of wood loads in a lowland, desnagged river.  

Assumptions 
We make the assumption that the desnagging of the river reset the load of wood to zero.  Measuring the wood in each 
of the three reaches provides us with a measurement of actual delivery and recovery rates for two points in time.  These 
loads can then be compared to a reference load and through extrapolation of a simple linear estimate of recovery time.  
However, there are two issues in doing this.  

 
Figure 1. Location of study reaches on the King River, northeast 
Victoria 
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The first is the variability of delivery rates in both space and time.  If each 100 meter section of the river had similar loads 
a linear extrapolation would be sufficient.  However, as this is not the case for most rivers.  We can empirically derive 
probability distributions for each delivery mechanism, and then use these distributions in a Monte Carlo simulation to 
estimate a range of potential loads through time.  

The second issue is a lack of known reference conditions.  To circumvent this problem we will be comparing measured 
and predicted wood loads to reference loads specifically predicted for the King River by Kitchingman et al. (in prep).  

Field measurement of wood loads 
Various approaches are described in the literature to determine the volume of wood in a reach. These approaches range 
from remote sensing, to line transects, to a complete census of all wood within the bankfull channel (Gippel et al., 
1996a; Gippel et al., 1996b). During the summer low flow period of 2014, we undertook a full census of all wood, greater 
than 0.1 m in diameter and 1.0 m in length within the bankfull channel.   In pools, where the visual identification of wood 
was made difficult by depth and turbidity, we probed the pools in a gridded pattern, or used our feet to feel for 
submerged or buried pieces of wood.  A total of 1,229 pieces of wood were counted and measured across the three 
reaches. 

Each of the three reaches were mapped in detail, recording the metrics listed in Table 1 for wood encountered within 
the bankfull channel.  The length and diameter of each log was measured.  The orientation angle of the log to the 
bankfull flow direction was recorded using a compass.  The shape, decay class, delivery mechanism, channel position, 
jam membership, and stability were visually assessed based on predetermined metrics (Table 1) following the methods 
of Wohl et al. (2010) and Wohl (2013).  

Based on field observations and the literature, we determined that the dominant delivery mechanisms in the study 
reaches are likely to be; bank erosion, mortality (including wind throw and limb drop), and the exhumation (exposure via 
erosion of bed and banks) of wood from the bed and banks of the river channel. The loading (m3 m-2) of wood was 
calculated from the census data assuming each piece of wood was cylindrical.  Bankfull widths were manually measured 
from a 1 m DEM of the floodplain and channel, and used to calculate the bed area within the bankfull channel. 
Calculated loads were compared to loads predicted by Kitchingman et al. (in prep) (0.021 m3 m-2) and were then divided 
by the total time since desnagging to provide an estimate of delivery rates for each reach.  

 

 

Table 1. Metrics measured or classified during in-stream wood census. 
 
Measurement 

 
Units 

 
Description 

 1.  Length m Measured from base of trunk (where root wad begins) along the longest branch until the branch is less than 10 cm 

2.  Diameter m Measured at 1.3 meters above root wad (if not possible, measured 0.25 cm from largest end of log) 

3.  Orientation Degrees Measured relative to the flow direction (0degree = root wad is pointing upstream, 180 degree = root wad is pointing 
downstream 

4.  Shape Class Classes are C (cylindrical), B (< 3 branches), MB (> 3 branches)  

5.  Decay Class Class Numeric classification: 1- fresh tree, 2- no leaves, 3- only major limbs remain, 4- no bark remains on log, 5- cylindrical, 
6- rotten/hollow log.  

6.  Delivery Class Class Visually assessed: BE- bank erosion (presence of root wad), M- mortality, including limb drop, C-  cut log (anthropogenic 
delivery), E- exhumed from bed/banks, NI- no idea (unable to determine delivery mechanism) 

7.  Channel Position Class Position within channel: 1- bed, 2- banks, 3- ramp from bed to banks, 4- ramp from top of bank to bed, 5- bridged (no 
contact with bed) 

8.  Jam membership Y/N Jams are classified as 3 or more logs/trees in contact.  Recorded number, and if log was key member in jam 

9.  Stability Class Class Numeric classification: 1- Loose in channel, 2- Bridge from bank to bank, 3- collapsed bridge, 4- Ramp up the bank, 5- 
pinned by another log/tree, 6- buried on one end, 6- buried both ends or embedded.  

10.  GPS location m Recorded the easting/northing coordinates for most downstream location of wood piece 
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Wood delivery model 
The data collected on each of the three reaches fall within two different timeframes of recovery: t = 34 years (reach 2), 
and t = 57 years (reaches 1 and 3).  The volumes measured in each reach are representative of past delivery rates.  From 
discussions with landholders and the Northeast Catchment Management Authority (NECMA), we assume that the 
additional removal of wood by landholders or stream managers has been minimal.  Therefore, we can back calculate the 
delivery rates for bank erosion, mortality, and exhumation.  

Delivery mechanisms 
Delivery classes (bank erosion, mortality, exhumation, or unknown) were based on physical assessments of the wood, as 
described in Table 1.   Logs were only classified as having been exhumed if the piece was eroding out of a cut bank.  
Pieces of wood that were classified as having an unknown delivery mechanism were later added to one of the three 
dominant delivery mechanisms.  This was done by calculating the relative proportion of volume of logs delivered via 
bank erosion, mortality, and exhumation.  Then the remaining volume of ‘unknown’ logs were proportionally divided 
amongst the three dominant delivery mechanisms.  The delivery rate for each mechanism was estimated by dividing the 
load of each 100 m section by the time since desnagging. 

A Monte Carlo simulation was scripted in PYTHON – running a thousand simulations of equation 1.  A delivery rate for 
each mechanism was randomly drawn from a normal probability distribution of delivery rates from each of the 100 m 
sections and then used to populate the variables in eq. 1. We assumed that the volume of wood transported into the 
reach is equaled by that transported out of the reach, meaning that the only change in load is due to wood delivered 
from the banks.  The delivery model was run in time steps of one year for 500 years, where t = 0 is the year of 
desnagging.  Once the delivery model was completed, the maximum, average, and minimum values of wood supply rate 
(∆S) for each run were extracted from each of the runs.  

The delivery model was run to simulate three different scenarios.  The first scenario assumes the state of the riparian 
area, and river channel processes remains constant over the 500 years.  This scenario was used to investigate the 
potential recovery time of the reaches in their current condition.  The second simulation assumes that 100 years after 
desnagging, all of the banks along the river reach have been artificially stabilized (i.e.  no bank erosion), and the only 
delivery of wood is from mortality of trees.  This is to simulate reaches that that have been rocked and to test the 
importance of bank erosion as a delivery mechanism. The third assumes that 100 years after desnagging, all of the trees 
along the bank have fallen in and the source area is depleted. This would simulate the loss of a source riparian area, due 
to the delivery of all available trees and no further grow of young trees.   All results were compared against reference 
loads (0.021 m3 m-2) predicted by Kitchingman et al. (in prep).  

Results and discussion 

Delivery and recovery rates of in-stream wood loads 
As expected the wood census results (Figure 2) show high variability in the load of in-stream wood amongst the 100 m 
sections.  When analyzed at the reach level (~ 1 km), a recovery pattern emerges.  Reaches 1 and 3 (desnagged 57 years 
ago) have recovered a load of 0.016 m3 m-2 (±0.008), and reach 3 (desnagged 34 years ago) has recovered a load of 0.012 
m3 m-2 (±0.005).  Because the delivery rates calculated from the census are difficult to interpret, we provide an estimate 
of the number of years it would take to deliver a small (0.3 DBH by 10 m tall) and a large (0.8 DBH by 20 m tall) tree to 
the reach (see Table 2).  

The comparison of the other metrics measured indicates that while the measured loads of the reaches differ, the relative 
distributions in all three reaches are similar. In all three reaches, the orientation of the wood (Figure 2d-f) shows no 
general trend.  For the other metrics (shape, decay class, position, and stability) the relative distribution is similar among 
the three reaches (plots g-j of Figure 2).  The two reaches (1 and 3) that were desnagged 57 years ago have very similar 
trends in both the load of wood in the channel, and the physical configuration in the channel.  Comparing reaches 1 and 
3 against reach 2 the wood load varies between the reaches, but only among the reaches that have had different 
recovery times.  
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Predicted recovery times 
Assuming that the natural load (0.021 m3 m-2) predicted by Kitchingman et al. (in prep) is the correct target load of wood, 
and that the current state of the riparian area and river channel doesn’t change; the simulations (Figure 3) suggest that 
full recovery of wood loads will take a minimum of 87 years (best case scenario of wood delivery) to recover, with an 
average recovery time of 250 years, and the possibility of the loads not recovering to natural conditions within 500 years 
(the limit of the simulation). The long recovery time is driven by the decay and breakdown of the first wood delivered 
after the initial desnagging.  The two additional scenarios (Figure 3b,c) show that once the source of wood is lost (Figure 
3b) the wood load has the potential to reach natural loads, but once the source is depleted the in-stream loads decay 
away.  Figure 3c illustrates that by artificially stabilizing the banks, the major delivery mechanism of bank erosion is 
removed.  This scenario essentially disconnects the river from the source area, so that the wood is slowly depleted and 
drops to background mortality levels.  

Figure 2.  Results from wood survey. Plots (a-c) illustrate the load (m3m-2) of each 100 meter section of the three 
previously-desnagged reaches.  Plots (d-f) are rose plots depicting the orientation of the root wad to the flow, where 0 
degrees is equal to the root wade pointing upstream.  Plots (g-j) illustrate that the distribution of each classified 
metric of the in-stream wood follows a similar pattern of relative similarity among the three reaches.

Table 2. Delivery rates back-calculated from wood census. Units of delivery are given in a volume per length of channel.  
Delivery rates were then used to estimate how many trees of a certain volume would be delivered along a 100 meter 
reach. A small tree is equivalent to a 0.3 m DBH by 10 m tall tree. A large tree is 0.8 m DBH tree by 20 m tall tree. Note: 
µ is the mean, and σ is the standard deviation 
 
Delivery  Rates Recovery time of 34 year Recovery time of 57 years 
 Delivery rate (m3-m) Tree (small/large) Delivery rate (m3-m) Tree (small/large) 

Average (all mechanisms) 
µ = 0.0078 
σ = 0.0048 

 

4 yr 
55 yr 

µ= 0.0068 
σ = 0.0047 

5 yr 
64 yr 

Bank erosion 
µ= 0.005165 
σ = 0.003152 

 

6 yr 
84 yr 

µ= 0.004584 
σ = 0.003212 

7 yr 
94 yr 

Tree mortality 
µ= 0.002127 
σ = 0.001298 

 

14 yr 
200 yr 

µ= 0.002012 
σ = 0.001410 

15 yr 
215 yr 

Exhumation (bed & banks) µ= 0.000501 
σ = 0.000306 

60 yr 
800 yr 

µ= 0.000158 
σ = 0.000111 

192 yr 
2700 yr 
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Figure 3: Results from the delivery model simulations. Panel a - Assumes that the riparian area and stream 
condition remains constant. Panel b - Assumes at year 107 (an additional 50 years from the census date) the entire 
source of wood to the river has been depleted. Panel c - Assumes that at again year 107 all of the banks along the 
reaches have been artificially stabilized. Note  that the large dashed line in each plot indicates the ‘natural load’ 
(0.021 m3 m-2) predicted by Kitchingman et al. (in prep). 

  

Conclusions 
In the case study on the King River, Victoria, the wood load has begun to recover.  Based on the data presented here we 
can conclude that, given a relatively healthy riparian area, the most important factor driving the recovery of wood loads 
is time.  The recovering wood loads measured in the King river highlights a potential ‘fools peaks’ regarding the wood 
load.  Rapid delivery post desnagging may be providing managers with a sense of security – that the wood loads are 
quickly recovering and the damage caused by desnagging is readily reversible.  Assuming that a desnagged river has a 
healthy riparian area, the autonomous recovery of wood loads is likely to take many decades and potentially centuries. 
Although recovery is occurring, the loss of the vital habitat provided by wood may prove detrimental to many native 
aquatic fauna.  

As shown in the second and third scenarios, if renewal and regeneration of riparian source areas are not maintained 
either through fencing out of livestock, vegetation projects, or a combination of both, then rivers face the risk of 
available source wood being depleted, and pre-desnagging wood loads never being achieved or being lost over time.  
Thus there is still an imperative to continue replanting river banks and fencing out livestock from the riparian zone in 
reaches of rivers that are most vulnerable to or may have already lost the source large wood.  
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