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Key Points 
• Channel bed incision, bank widening and knickpoint retreat occurred together under flood pulse conditions in two 

small channels that drain from a sensitive floodplain wetland. 
• Topographic surveys were more reliable than erosion pins and time-lapse photography in this study of channel 

change, recording up to 2.6 mm d–1 widening and 0.9 mm d–1 vertical incision. 
• Incision of a shallow flow path at the downstream edge of the wetlands initiates the process of channel formation 

followed by further incision, widening and knickpoint retreat. 
• Channel enlargement and knickpoint retreat can threaten wetland ecosystems like the Macquarie Marshes that are 

dependent on connectivity between channels and wetlands on the floodplain. 
• Identification and monitoring of channels that may cause instability within floodplain wetlands is crucial for river 

and wetland management. 

Abstract 
Processes of erosion influence channel formation and evolution in rivers and floodplain wetlands. However it is often 
difficult to determine the role of different erosion processes such as channel incision (cutting down), bank widening 
(cutting out) and knickpoint retreat (cutting back) when they co-occur in a dynamic fluvial system. Knowledge of the 
degree and severity of erosion is necessary for river and wetland management. In floodplain wetlands like the Macquarie 
Marshes, New South Wales, erosion plays a pivotal role in the formation of channels and avulsion (relocation of channels 
on the floodplain), with some potentially adverse impacts on the surrounding wetlands, such as reductions in flooding. 
We assessed the type and rate of erosion processes in an active channel that drains a wetland with high ecological value 
using a combination of topographic surveys, erosion pin surveys and fixed-point time-lapse photography. Bed incision, 
bank widening and knickpoint retreat occurred together during a flood pulse over a period of three months. The spatial 
patterns of erosion were variable, but topographic surveys were the best method for assessment of changes in bank 
morphology. The maximum rate of channel widening recorded was 2.6 mm d–1 (8.7 % change) and the maximum rate of 
channel incision was 0.9 mm d–1 (25.3 % change). Channel erosion is likely to pose a serious threat to wetland ecological 
values if thresholds of channel and wetland stability are breached, leading to extensive channelisation and drainage. 
Knowledge of erosion processes, the broader spatial patterns of erosion and the effects of environmental flows are 
important to inform water and land management strategies in sensitive floodplain wetlands.  

Keywords  
Erosion, avulsion, channel incision, knickpoint retreat, floodplain wetlands, Macquarie Marshes 

Introduction 
Floodplain wetlands in lowland, semiarid and arid environments are sustained by water supplied from rivers and their 
upstream catchments. However, river regulation and other forms of water management can lead to reductions in river 
flow and can reduce flooding in wetlands (Kingsford, 2000). Environmental flows are used to supplement regulated 
catchment flows and to help sustain aquatic biodiversity in river channels and floodplain wetlands (OEH 2014), however 
the impacts of small to medium flows of short duration (flood pulses) on processes of erosion and channel change (i.e. 
their geomorphic effectiveness) are largely unknown. Nevertheless, processes of sedimentation, erosion and the 
creation of new channels by avulsion (the process of self-relocation of channels on the floodplain; see Makaske, 2001) 
are significant for the development and maintenance of floodplain wetland ecosystems (Florsheim et al., 2006; Ralph et 
al., 2011). 

In floodplain wetlands such as the Macquarie Marshes, New South Wales, erosion and deposition play a pivotal role in 
the (re)connection of channels and in avulsion, with various impacts on the surrounding wetlands including diversion of 
water to new areas of the floodplain and drainage of water from previously inundated areas. Erosion is a natural process 
(Henshaw et al., 2012) that can manifest in three critical ways in channels: incision (cutting down), widening (cutting out) 
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and knickpoint retreat (cutting back). However, rates of erosion at locations that are highly susceptible to change, or that 
have less resilience to change, need to be measured and understood to assist wetland management. Accelerated rates 
of erosion and the creation of new channels can have negative impacts including degradation of wetland habitat, loss of 
land and associated resources, as well as damage to property and infrastructure (Slingerland and Smith, 2004; Piegay et 
al., 2005; Henshaw et al., 2012).  

Regional Setting and Study Site 
The lower Macquarie River is located on a semiarid alluvial plain in the Murray-Darling Basin (Figure 1A). It has 
discontinuous anastomosing and distributary channels and receives few tributary inputs in its lower reaches before it 
breaks down into the floodplain wetlands of the Macquarie Marshes (Yonge and Hesse, 2009; Ralph and Hesse, 2010). 
The Marshes have semi-permanent, intermittent and ephemeral freshwater wetlands (Figure 1B) that cover an area of 
approximately 2,500 km2 when completely inundated (OEH, 2012). Discharge from the Macquarie River is variable, but is 
controlled by river regulation and diversions that have decreased flow variability; generally reducing the proportion of 
medium flows and increasing the proportion of small flows (Ralph and Hesse, 2010). The Marshes have also experienced 
a reduction in the extent and duration of major flood events (Kingsford, 2000). Environmental flows managed by the 
N.S.W. Office of Environment and Heritage (OEH) have been released to the Macquarie Marshes since 2010 with the aim 
to support vegetation and wildlife, as well as to maintain resilience to change in the wetlands (OEH, 2014).  

 
Figure 1. Location of (A) the Macquarie River in the Murray-Darling Basin, (B) the Macquarie Marshes, (C) Buckiinguy 
Swamp, and (D) the study site with active channels draining from Buckiinguy Swamp into the Macquarie River with 
temporary benchmarks (TBM) marking each survey and erosion pin transect (T1–T8).  

Buckiinguy Swamp is fed by Buckiinguy Creek, a distributary channel of the Macquarie River in the southern Macquarie 
Marshes (Figure 1C). Water exits Buckiinguy Swamp through several narrow channels that eventually drain back into the 
Macquarie River, one of which has an actively eroding knickpoint with two main arms (Figure 1D). The cause of 
knickpoint formation is most likely related to a combination of erosion from concentrated return flows with higher 
energy than elsewhere in the swamp, vegetation change in the area and impacts of grazing by cattle. Since the wetlands 
in Buckiinguy Swamp are recognised for their ecological and agricultural value (DECCW, 2010), this knickpoint and others 
like it are seen as potential threats to wetland ecology. 

Buckiinguy Swamp was inundated during a series of small flood pulses from July to November 2013 (OEH, in press). 
There were two main peak periods of flow: late July-early August and late September-early October. In the period of 
erosion monitoring during the first flood pulse (15 July to 22 September 2013), ~64 % of the total volume of water 
passing Marebone Weir upstream of Buckiinguy was part of an environmental flow (OEH, in press). Our main aim was to 

 
Oyston S. M., Ralph, T. J., & Hesse, P. P. (2014). Cutting down, back and out: assessment of channel erosion in a sensitive floodplain wetland, in Vietz, G; 
Rutherfurd, I.D, and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. Townsville, Queensland, Pages 143-149. 
 144 



7ASM Full Paper 

Oyston et.al. – Assessment of channel erosion in a floodplain wetland  

assess the effect of the flood pulse on the geomorphology of the knickpoint and we tested the hypothesis that channel 
incision would be the dominant erosion process occurring in conjunction with channel widening and knickpoint retreat.  

Methods 
We assessed the type and rate of erosion processes in the knickpoint using a combination of manual topographic 
surveys, erosion pin surveys and fixed-point time-lapse photography (Figure 1D). Temporary benchmarks (TBMs) were 
established at multiple points around the two arms of the knickpoint in July 2013 (prior to the flood pulse reaching the 
study site) and channel cross sections (T1–T8) were surveyed July and September 2013 to allow measurements of 
channel change over time. Topographic surveys were undertaken using a digital laser theodolite (Leica Total Station TCR-
705). Cross sections were positioned at evenly spaced intervals between the head of the knickpoint and the Macquarie 
River (Figure 2A), and survey points were taken at key features and at breaks in slope to allow assessment of changes in 
channel width and depth. Two long profiles (LP1 and LP2) were measured to assess changes in downstream gradient and 
to monitor knickpoint retreat. Erosion pins (steel rods, 500 mm x 6 mm) were set up between the TBMs at each cross 
section, starting and finishing at the top of the bank (Figure 2B). The length of each pin protruding from the ground was 
measured to the nearest 5 mm before and after the flow. Two time-lapse cameras (C1 and C2; Moultrie Panoramic 150 
Game Camera) were fixed to tree trunks looking across the knickpoint and were programed to take one photo every five 
minutes for an hour after sunrise and for one hour before sunset each day (Figure 2C). The camera batteries lasted from 
15 July until 9 August 2013, effectively capturing the peak of the flood pulse in Buckiinguy Swamp. The photographs 
obtained were used to observe water levels and to assess geomorphic behaviour and change in the channels. 

   
Figure 2. Photographs of (A) the southern arm of the knickpoint at cross section T3 (looking upstream), (B) erosion pins 
at cross section T8 (flow from left to right), and (C) a fixed-point time-lapse camera mounted in a tree (C1; circled) at 
cross section T4 (looking upstream). 

Results  
Channel bed incision, bank widening and knickpoint retreat all occurred to some extent in the knickpoint under flood 
pulse conditions over approximately a three month period (Figure 3; Table 1). However, the spatial patterns of erosion 
were variable within the knickpoint. The majority of cross section surveys show that the channels did experience erosion 
through incision and widening, but others showed evidence of sediment accumulation. Channel incision occurred in all 
four cross sections in the upper sections of the knickpoint (T1, T6, T7 and T8; maximum rate 0.9 mm d–1, or a 25.3 % 
increase in bankfull channel depth) and in two cross sections from the lower end (T2 and T3). Four of these transects 
also widened (T1, T2, T3 and T7; maximum rate 2.6 mm d–1, or an 8.7 % increase in bankfull channel width). Channel 
incision did not occur at T4 and T5, where sediment accumulated on the channel bed downstream of the most severe 
incision (maximum accumulation rate 0.6 mm d–1; Table 1). All but two of the cross sections (T1 and T4) appear to be 
experience greater proportional changes in depth than width (albeit at slower rates), however the majority of transects 
showed little change in overall channel shape (indicated by width:depth ratio; Table 1). The two long profiles showed 
evidence of knickpoint retreat, although at different rates, with LP1 on the northern arm retreating by 2 mm d–1 and LP2 
on the southern arm retreating by 18 mm d–1. 

A B C 
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Figure 3. Topographic survey results from (A) cross section T1 at the top of the knickpoint, (B) a cross section T3 at the 
lower end of the knickpoint, and (C) long profile LP2 (see Figure 1D for locations). 

 
 
Table 1. Channel change in the Buckiinguy knickpoint between July and September 2013, derived from the total 
station survey. Values in parentheses indicate accretion or a reduction (change from original channel) for the 
morphometric variable. * values shown for LP1 and LP2 reflect elongation of the channel due to knickpoint retreat. 
SITE CHANNEL WIDTH CHANNEL DEPTH CHANNEL SHAPE EROSION PINS 
Cross 
section 
code 

Erosion 
or 
accretion 
rate 
(mm d–1) 

Change in 
width (%) 

Type of 
Change 

Erosion 
or 
accretion 
rate 
(mm d–1) 

Change in 
depth (%) 

Type of 
change 

Width: 
depth  
July 

Width: 
depth 
Sept. 

Mean 
change in 
pin length 
(mm d–1) 

Standard 
deviation 

T1 2.6 8.72 widening 0.2 2.22 incision 3.25 3.45 0.06 0.36 
T2 1.1 1.30 widening 0.2 1.59 incision 6.72 6.70 0.02 0.08 
T3 0.2 0.20 widening 0.5 3.04 incision 5.73 5.57 (0.01) 0.18 
T4 (3.6) (5.16) narrowing (0.6) (3.82) accretion 4.99 4.92 (0.05) 0.09 
T5 (2.3) (3.13) narrowing (0.3) (3.70) accretion 9.24 9.30 (0.18) 0.36 
T6 (5.7) (12.13) narrowing 0.2 14.29 incision 30.19 23.21 0.17 0.08 
T7 0.9 1.04 widening 0.1 3.70 incision 35.76 34.84 0.05 0.15 
T8 (13) (22.06) narrowing  0.9 25.33 incision 17.52 10.90 (0.02) 0.45 
LP1 2* 0.18* retreating - - - - - - - 
LP2 18* 0.01* retreating - - - - - - - 
 
 

The distribution of erosion recorded by the erosion pins was highly variable, and overall the mean change in pin length 
calculated for each cross section was greatly exceeded by the standard deviation of the results from each cross section 
(Table 1). The maximum change in pin length due to sediment accumulation was at a rate of 0.17 mm d–1 (T6) while the 
maximum change in pin length related to erosion was at a rate of 0.18 mm d–1 (T4 and T5). Some pins were unable to be 
measured as they were wholly submerged or missing at the time of second measurement, or were unable to be 
identified (in total, 41 of 52 pins were re-measured). 

The time-lapse cameras produced photos that showed the middle section of LP2 between T3 and T4 (C1; Figure 4) and 
the top end of the knickpoint near T5, T6, T7 and T8 (C2) where water flows out of Buckiinguy Swamp. Although little 
erosion is apparent in the photos, it is possible to see some geomorphic change, including the formation of a small ledge, 
some bank undercutting and tree root exposure, as well as the presence of minor bank scouring (Table 2; Figure 4). 
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Figure 4. Photographs from C1 showing the middle section of the southern arm of the knickpoint near T4 (A) before 
the peak flow (17 July 2013), (B) during the peak flow (29 July 2013), and (C) after the peak flow (9 August 2013).  

Table 2. Erosion features present in photographs after the monitoring period at Buckiinguy Swamp. 
Erosional features C1 (southern arm, middle reach) C2 (southern arm, upper reach) 
Bank undercutting Yes Yes 
Bank slumping Not observed Not observed 
Bank scour Yes Yes 
Bank breach Not observed Not observed 
Formation of ledge Yes Not observed 
Thalweg incised Not observed  Not observed  
Knickpoint retreat Not observed Not observed 
Tree roots exposed Not observed Yes 
Trees falling into channel Not observed Not observed 
Channel widening Not observed Not observed 
Channel deepening Not observed Not observed 

Discussion 
The type and amount of erosion measured during a flood pulse in this study were variable, with changes in depth 
determined by topographic surveys ranging from incision rates of 0.9 mm d–1 to accumulation rates of 0.6 mm d–1, and 
changes in width ranging from widening rates of 2.6 mm d–1 to narrowing rates of 13 mm d–1. The northern knickpoint 
arm (LP1) incised and widened along its length, whereas the spatial pattern of erosion was more variable along the 
southern knickpoint arm (LP2), which had some sediment accumulation downstream of the most severe incision and 
widening at the head of the channel. Despite large variation around the means, changes in erosion pin length showed a 
broad positive correlation with the topographic survey data (i.e. incision and widening at T1, T2 and T7; accretion and 
narrowing at T4 and T5; confounded results at T3, T6 and T8). Time-lapse photography also recorded some evidence of 
erosion, including the formation of a small ledge, bank undercutting, tree root exposure, and bank scour, but could not 
detect channel incision or knickpoint retreat. From these results, it is clear that incision is the most important process at 
the head of both knickpoint arms, while some widening occurs with incision in most cases. The accumulation of 
sediment in the channel downstream of the eroding headcut on LP2 may reflect sediment that has not yet been 
transported into the Macquarie River. Certainly, bank erosion is known to make up a significant portion of sediment 
transported and deposited in wetland channels (Henshaw et al. 2012). Topographic surveys also revealed that the two 
arms of the knickpoint had cut back into the wetland, although at fairly negligible retreat rates (LP1 at 2 mm d–1, or a 

Flow direction 
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0.18 % increase in the original channel length; LP2 at 18 mm d–1, or a 0.01 % increase in channel length), suggesting that 
headward retreat is not the dominant process at this stage of the erosion cycle in Buckiinguy Swamp. Rather, considered 
proportionally, vertical incision is the dominant process along both arms of the knickpoint. A similar combination of 
incision and knickpoint retreat has been observed in floodplain wetlands in southern Africa, where water flowing out of 
wetlands can initiate and enlarge headcuts (Tooth et al., 2007). 

Topographic surveys were the most robust method for assessment of changes in bank morphology, although there were 
limitations, including the ability to replicate surveys with accuracy in the field. Erosion pins had several limitations, such 
as the ease with which they became dislodged and were lost due to interaction with stock, native wildlife, or through 
flooding, and the high degree of variation between pins which made it difficult to extrapolate results. Lawler (1993) 
suggests that swelling and contraction of cohesive bank sediments may cause erroneous results with erosion pins, and 
this may be the case in the Macquarie Marshes. There are also a number of factors that were not measured in this study 
that may affect erosion such as vegetation cover, livestock and native animals having access to channels, flow variability, 
and bank strength. These factors influence the resistance of river banks to erosion and hence will influence the 
geomorphic effectiveness of floods (i.e. the amount of morphological change in a channel and the time taken for the 
channel to recover; Bowen and Juracek, 2011). Consideration of these factors as well as patterns and rates of erosion is 
essential for improved knowledge of erosion processes. 

Although erosion occurs naturally in wetlands as a result of short-term fluvial processes, erosion can also influence the 
long-term evolution of a channel. This can include lateral migration, avulsion and channel abandonment associated with 
avulsion (Florsheim et al., 2008). Erosion of channels in a wetland will likely pose a serious threat to ecological values if 
thresholds of channel and wetland stability are breached. Subsequent incision of these channels may be the dominant 
process leading to floodplain disconnection. If channels initiated by incision and knickpoint erosion such as the one at 
Buckiinguy Swamp continue to enlarge and cut back into a wetland, extensive channelization could lead to increased 
drainage from the wetlands and a reduction in the extent of flooding.  

Conclusion 
This study has shown that relatively small, but significant, changes in channel morphology occurred in an active 
knickpoint during a flood pulse over a three month period, which is a step forward in terms of our knowledge of short-
term variation in erosion processes and spatial patterns of erosion in an actively managed floodplain wetland with 
variable flow regime. Ultimately, accelerated rates of erosion may lead to significant channel enlargement and/or 
channelization, with subsequent reductions in wetland inundation. Identification and monitoring of channel erosion that 
may threaten the stability of floodplain wetlands is crucial for river and wetland management.  
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